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YENI NESI L SUMP FILTRESI TASARI MI NI N GELI KT
MESH BOYUTLARI NI N BULAKI K MAKI NESI YI KAMA
! ZERI NDEKI ETKI LERI NI N KNCELENMESI

E&P Laboratuvareée Test Uz man
RENTA ELEKTRI KLI EV ALETLERI SAN. V
onur . tur-amn b el Ocd®dBD 6343 8 9

¥ZET

Ev tipi bul as1 k makismesltemindet esni zIsii k Kplea $
verimliliginin belirlenmesinde temel bir rol
yl kama suyunun topl anmas:| ve yeniden dagi1 t.
kull anit Il an f il trreodtiansaantitkmi d asvirsatneengitm 1 hivde su
dogrudan etkil emektedir. Filtrasyon veri ml:i
performansini belirleyen kritik tasari m para
Bu cali smada, gelenakdselr naumpg foil latrrak tgaed arsit m
mi mar i si sunul mus ve farklIl. gbzenek boyutl al
Uzerindeki etkileri deneysel olarak incelenm
acl klirgilna edaehi ppefigel i stirilen filtre tasar
degerl endiril mistir.

Deneysel cal 1 sEnNa |I6aB4, 6ud st ar@astasprosediur| er i
gerceklestirilmistir. HleamadbiperdfidrnmanKoind d gk
filtrasyon kapasitesi ve piuskiurtme sistemi a
edilen veriler, filtre g6zenek boyutunun he
karakteristiklieri ol dargiumdie ghesltierrimeykt edi r .
Cali smanin temel hi potezi, daha kucuk goO0zenece
hidrolik diren¢ nedeniyle su dolasimini si1ni
avant aj I sagl amakeltaki bhi rlgi ki e atal tabsyenegi
opti mum mesh boyutunun, filtrasyon kapasites
aralir kta olusmasi beklenmektedir.

Sonuc¢ ol ar ak, gelistirilen yeni nsumpyifebtr
potansiyeline sahip oldugu ve mesh boyutu s
et kil ol dugu goérul mektedir. Cal 1 sma, filtr.e
ortaya Kkoyar ak, gel ecekte kgemakitnesil ecselst &1
midhendi sl ik temell.i bir referans sunmaktadir

Anaht ar Kgdli amell ke, [SWuankpi nFeislitr e, Mesh, EN 60436,
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Devel opment of a New Generation Sump Filter
Di ffeesht SMzes on Dishwasher Washing F

E&P Laboratuvaré Test Uz man
RENTA ELEKTRIi KLI EV ALETLERI SAN. V
onur . t ur-é@amn ohe0iOcd®dBD 6343 8 9

ABSTRACT

I n household di shwashers, the water circul at
cleaning performance and resource efficiency
mai ntsatrrruc esponsi ble for collecting and redi
used in this area directly affects the hydro
of the water. The balance betweenohel of athen

design parameters that determine washing per

Il n this study, a new generation filter archi
conventional sump filter design, and the eff
perfmance were experimentally investigated. W
pm and 41 pm pore sizes were used. The devel

it with the existing reference system.

Experimental studiceorwame ec avin dihi tt@h@4 3a6n d ar d a't
test procedures. For each filter configurat:.
capacity, and clogging tendency in the spray
that the mesh size hasr et esnitginanf ibceahnatv ied rf eacntd
characteristics.

The main hypothesis of this study is that s
efficiency but may | imit water <circulation d
stmuuets provide better flow conditions but re
optimum mesh size is expected to be in a ran

continuous water f 1l ow.

As a result, the developéednhewl sumpi mproege d
perfor mance, and mesh size selection has a d
highlights the i mportance of pore size optinm

enginbasedgreference f dgehéeatefofeilchipegnecnyt of
di shwasher systems.

Keywobdshwasher, Sump Filter, Mesh, EN 60436

1. Girick
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Ev tipi bul as1 k maki nel erinde yuksek yl ka
sadgl anabi |l mesi, su kdsinr kgiall a ssynoans | snias tbheangil nidn re
grda kalinti | ar. ve ince partikuller, do!l asi
puskurtme kollarit ve hidrolik bilesenler Uze
dagi |l 1 mopenl ih@i ni bozmakt a, puskurtme perfor
suareli kull animda yirkama veriminin azal masin
etkin sekilde filtrelenmesi, bul asit k maki nes
kriterlerinden biri ol arak degerl endiril mekt
Son yi1llarda enerji ve su tuketiminin azal:
makinelerinde hidrolik sistemlerin ve filtr.:

hir zIl andrLrivstupa Birligi Ecodesign ve Energy

ve su verimliliginin artirilmasi dreticiler

=~

ma nelerinin performans deger | entdainrdnaelde rnid a

tani mlanan yéntemler dogrultusunda gercekl es

Literatidrde bulasi k makinesi performansini e
tipi, yitkama programi ve piuskidrt mea srissdmem,6 U
sump bodl gesindeki filtre geometrisinin ve f
et ki sini i nceleyen c¢ali1smal ar ol dukca si1nir
sistemlerinin gelistirilmesizalpaidtmialil veo e td
iyilestirilmesi Uzerine yogunlasmaktadir [ 2,
Filtre tasarit minda karsilasilan temel mu h en

performans arasinda optimum dengenpar siakilan

tut ma verimini artirrirken, artan aki s dire
ol abil mektedir. Buna karsil i1 k daha buyuak godz
ragmen ince partikullerin sirs.t efmel tgreer ig ddzbennmeek
aki s karakteristigi arasindaki bu il 1 ski, fi
ayrintil o olarak incelenmistir [4,5,7]

Bu cali sma kapsaminda, ev tipi bul asi ki imaks$g n
vV e far kl i me s h boyutl ari nin sistem perfor
arastirri Il mirstir. Gelistirilen filtre tasar.ir
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testl eri il e degerlendiril mamavpefaokmandgi ha
karsilastirri |l mistir [1,8,10]. Cal i1 smani n, Y
gelistiril mesine kat ki sagl amas.| vV e filtre
midhendisli k c¢cal i1 smal aramme ktedckirraans ol ustur ma
Bu cali sma kapsaminda, ev tipi bul asi k makin
vV e farkl me s h boyutl ari nin Ssi stem perfor
arastirri Il mirstir. Gelistiridhema fuiylgtume ytt &k@anmal r
testl eri ile degerlendirilmis ve farkl i1 filt
karsilastirril mistir. Cali smanin, yeni nesi |
kat ki sagl amasar |1 mendfi laptei muan me s h seci mir
cali smalarina referans olusturmasi hedefl enm
2. Y°ntem

Bu c¢alisma kapsaminda, ev tipi bul as1 k ma k
tasarl anmi s vV e filtrasyolni kpeydrmir man g1 nme sar
gelistirilmigstir. Mevcut sistemde kull ani | an
calisma kosullarinda karsilastirmali1 ol ar ak
Yeni filtre tasari mnda éahkyapglbaeneknasgi &1
Uzerindeki et kil erini belirl emek amaciyl a 16¢
kullant I mstir. Bu mesh filtreler, mevcut si
Denegakl smal ar, wulusl ararasi EN 60436 standa
ol arak gerceklestirilmistir. Tim deneyl erde
programi, ayni deterjan ve ayni ekbegseti kms
Boyl ece yalnizca filtre yapisindaki degi si mi

Performans degerl endirmelerinde EN 60436 st a
kasi k yuk kombinasyonl|l dai hkeul fahtirmi konfigle
perfor mans.| i ndeksl er i belirl enmis, ayrilca

sisteminin calisma karakteristi kI eri gozl ems

El de edil en deneysmésheboyerukansiidlstasyobar
performans Uzerindeki et ki si analiz edil mis

gbzenek yapisinin belirlenmesi amacl anmi stir
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3. Bul gul ar ve Tartekma
Yekama Performanseé
Porselen Bardak GaraiB 1 g Temi z| i Temizlik Durum
Taki1n Perfor

3.96 3.2 4.76 4.08 1.139 Mevcut Filtre
3.84 3.46 4.81 4.07 1.115 Mevcut Filtre
411 3.66 491 4.25 1.197 Prototip Filtre (18 um)
3.68 3.41 4.89 4.17 1.182 Prototip Filtre(18 pm)
4.01 3.6 4.85 411 1.156 Prototip Filtre (41 um)
3.99 3.5 4.87 4.09 1.147 Prototip Filtre (41 um)

Tabl v Klama Performans Tabl osu

Test sonucl ar. (Tablo 1) incelendiginde, gel
kiryasla tum kir gruplarinda ve genel perforr

gorilmektedir.

Mevcut filtre ile gercekl estir-i4l02ve temielikt | er d
perfor manils.i1319. 1a2r7al 1 § 1 n dmagozerek oyutdra rsadhip Rrptotid 8
Filtre ile yapitlan testlerde temizlik puani
ul asmistir. Bu dur um, 18 pm goO0zenek yapisini
sagladi g ni ve tersasienddial eenn vyalrkysaesky oiné mir z lai k

gOstermektedir.

41 pm gOzenek boyutuna sahip Prototip Filtre ise ortalama-4091 1 t emi z |l i k puar
-1.156 temizlik performans.i il e mevcut filtr
sa gi l emi stir. Mi kron boyutu kdculdiuokcgce (41 |
ince partikdal tutma kapasitesinin artti g1, I
kal 1 nt mi ktari1ni azaltarak temi zédikl muatni ar
Filtreld yapinin sagladi gi bir di ger o6neml |
parti kil !l erden daha efektif sekilde arindir
belirgin bir azal ma go6zl embenmi Dtlicri.ml e st f
koll aritna ulasan suyun akis kararl il 1 grnin a
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dahi basin¢g kaybi yasamadi g1 ni gostermistir

mekani k et kisini koremdormansadldakar ak ttt emi
4 . Sonu-
Bu c¢cali sma genel ol arak degerlendirildigino

belirlenmesinde:

T 18 pm goO0zenek yapitsi il e maksi mum yi1 kama

sagladi g,

 Puskiartmeazul | ari1 ndaki ti1 kanmal ari1 o6nl eyerek
performans kararl i1l 1 dg1 getirdigi,

T Yir kama etkinligini artirarak suyun ve mek
kat ki sundugu,

T Suyun sistem icerisindeadgladywar aekni ge rbea lc i md

surdarudlebilirlik hedeflerini destekledigg
Bu kapsamda, el de edil en bulgular c¢ali1 smani i
bul asi k maki nesi uygul amal ar | acl si nwhan yen
ortaya koymaktadir. Gel ecekteki cal 1 smal ar da
durul ar ak, hidroli k diren¢ ile filtrasyon \

pl anl anmaktadir.

I Lgili tasari m ic¢cin Temmwzsu22adhH 11 amn ishiod die, p

mul ki yet korumasi altina ali nmasi hedefl enme
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ATI K CAM TOZU WAEBLBjEU/I,('IZOZU KATKI LI GERK
D¥N} kT R LM} Kk POLKPROPKLEN KOMPOZKTLERKN SU
SERTLKK ¥ZELLKKLERKNE ETKKSKNKN KNCELE
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OZET

Bu cal 1 smada, ger i dondstiar al mos polipropi
davrani sl ar ve bu siturecin Shore D wkrtlik
incelenmistir. Kompozit sistemlerde takviye
tekil ve hibrit formlarda farklI: oranl arda k
bagirni ve kimyasal et kil esinriaraq@i @lgamdilrkmek %
mal ei k anhidrit asit polipropilen ilave ed
standart numunel er, 120 gun boyunca oda si1 ca

tabi tutul mus; s usriengl ebroiy uvnec aS haogrier | D ks edretglii k
kaydedi |l mi stir.

El de edilen bulgul ar, matrise ceviz kabugu

absorplama orani ni belirgin sekilde amtirtrdi ¢
gobstermektedir. En yluksek su emme degeri %30
Ol cul mustar . Kuru durumdaki en yiuksek sertli
numunede el de edilirken, su absorlpasanka 2s oShroal
D seviyesinde kararli1 bir sertlik artisi g0z
sertlik kaybina yol acacak diuzeyde bir bozun
esas belirleyici f akt 6alidu gduonlug uo rttiapyia ikloey md
kompozitlerde su absorpsiyonunun genel likle
bekl enmekl e birlikte, bu c¢cali smada el de edi
matrisi nde meyd alyenidendiizemlanmewe kialguayisgra ygzayindeki

degi simlerle iliskili oldugu diosundl mektedir
duyarl i1 ol masi nedeniyle, dolgu partikidall eri
dedgerml earritmimasi na katkida bulunmus ol abilir.

Anahtar Kelimeler: Ger | dondasturdl mis polipropilen, a

mekanik 6zellikler
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1. GKRKKk

Son yi1ll arda, hem plastik Uretiminde hem de
yasanmli gagstr klere olan il gi, hafif, su gec¢cirm
gi bi ¢ok sayida avantajindan kaynakl anmaktad
60zellikler, biyolojik olarak paitg¢&l aggn dma ndan e
dezavantajlar da vardir. Pl asti k kullani mina
sureclerine kar si direnci nedeniyle ciddi b
capinda birikmesidir. | Buiati kbgmutopugg! taéa]
sehir drenaj sistemlerini tir kar, sellere, ma
bilim insanlart1 yi1llardirr plastik ati k sorur
Pl asti k atinlkanizerra ster rynaapl ar |, bertaraf. i ¢in
sekil de incelemisgstir. En yaygin kullanilan 'y
ve depol ama yer al maktadi r. Ancak, gel eneks
etkileriol abi |l ecegi yayglin olarak kabul edi | mekt
suyunun ve yakindaki yluzey sularirnin uzun Vv
y ak ma, zehirli gazl ar (6rnegi n, kar bon m o
hidr okar bonl ar) gi bi zarar | | yan uUrunler Uret
toksisite riskleri olusturabilir ve yakindak
bozabilir. Buna karsi |1 k, pceveesidstu trcaiamolarbka r 1 n
ortaya c¢1 kmaktadir. Bununla birlikte, pl ast

dondstuaral mos plastiklerin diosiuk ekonomi k ¢
ni speten diousuk kal maktpddisrt.i kKiarte kdlaraolnaryak ,ni

ger i dondstiarul mektedir. Su anda polipropil e
biridir ve genellikle daha sert ve dayani kl
termoplastiklere géoreadh a f azl a t er mal dayani m, daha ivyi
bilinmektedir. Bu nedenle, buyiuk miktarda at

uygul amal arir nda bakir pu3psti kl erin yerine ku

Kompozit mal zemel ere ol an talebin hirzla art

performansinin gelisimini hirzl andirrmi stir.

seviyeye ulasti kgca, farkli1 o6zelani kher gagalip
Kompozit UGretiminde kullanilan ¢cesitli takuvi
ve dogal ol anl ar , gel eneksel t a KA. iGglemdekselr e 0 n ¢
mal zemel erin c¢cevresel et kil eri ve sinirl k
pol i mer bazl kompozitl erienr , 6 ndeongiani daorltgiur nme
termoset/ termoplastik recinelerle uyuml u b
suarddr ol ebilir bir alternatif sunar. AQgac¢c t a
sapl, ceviz kabugupi kenevkabugetepal miye ¢ek
kaynakl ardan el de edilen |lifler ve dol gu ma
dogal dol gu maddel eridir. Dogal dolgu maddes
endustriyelalad r da uygul anabilir ve c¢cesitli avantajl
Gzerindeki ol umlu et ki si ve dusuk maliyetl:i

icin cazip bir spgeBak clhdhismadget kromippziint i ¢
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olarak ceviz kabugu bwgw, kwiKk saek |bmyutigal Cstv
mekan uygul amal ari1 nda, 0rnegin gluverte veya
i ¢in Oneml i rekabet avantajlarina sahiptir
karsi |l ast i ri | diadahigrdskopidd maivame gséligoia ke hamisdiloz) ve daha

yiuksek mi ktarda hidrofobi k mal zeme6].Dlnyagni n v

capitnda ceviz Uretimi, 202[3]. yCévindakghugas ml
toplam agirl i1 grnin %67'sini olusturdugundan,
geride k[l maktadir

Bu arastirma c¢cali smasinda inorgani k dol gu me
cam, biyolojik olarak parcal anamayan bir mal
camin ayril smasi| uzun nraanmaa na ndlairri nvie idseggad r leid ed
ol an artan talep ve insaat sektordnun karbon
atir k camin bertarafi Oneml i bir ¢evre sorun
al i1 ndir g1 ndai,r eytirilmii k1 3kOi rnreisleylon t onu asan ati Kk
gel mi stir. At1 k cam tozu, yuksek sertlik, d
emme gibi dolgu maddesi Bl arak c¢cesitli avant
Dengvd.[9) camelyd t akvi yel.i PP ve dogal el yaf takyv
mekani k o6zellikler Gzerindeki et ki si acl sl ngc
kompozit | aminatlarda ¢ekme dayani mi ve Youn
ol du@oézl eml enmi stir.

Lubisvd.[10]y apt 1 kIl ar 1 cali1 smada dogal misir sapil
iyilestirerek polipropil emay markaglearait g Ilnar die
Oladele vd.[11] s 1 g1 r kemi gi / kal si yum Kkarbonat t ak:
gelistiril mesi i¢cin, farkli1 takviye icerigin
ve su emme kapasitesi Gzerindeki etkisini ar
Rayvd.[12lcam/ j Gt / si s al [0 foi takviyeld polipropi/l
yuklemelerinin mekanikve u e mme davrani sl ar i Uzerindeki €
yluzdesinin, far kIl bil esimlere sahip far kIl

g6zl emlenmi stir.

Bujjibab vd. [13] muz lifi/hindistan cevizi lifi takviyeli polipropilen hibrit kompozit
numunel erin, ¢cekme dayani mi, egil me dayani mi
yukl emesi ne gor e optimize et mi st likleri deHi br it
degerl endirilmistir.

ucucu kdal il e birlestirmistir. Bu araglitirman
parametreler Gzerindeki etkisini test etmektir; bunlar fiziksel 6zellikler, mekanik 6zellikler ve

ter mal 0zell i klerdir. Silan baglay1 ci mal zer
etkileyerek su emiliminden%®d3avearzikdlmarylal kh edie

Ahmetlivd.[4]ki raz c¢ekirdegi kabugu vekkeayenibit a kab
hi brit dolgu kari1 si1 mi ol arak kullani |l masinir

10
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sunmaktadi r . Kiraz c¢cekirdegi kabugunun al kal
0zelliklerinde artisa wethent al mabugu. mHkbart
yaslanma si1rasinda kompozitin su emilimini v
Cavdar vd[15]y apt 1 kIl ar i cali1 smada hibrit kompozit
kull anarak ekstridozyon ve enjeksizgoitrhemkda!l 1 pl a
lignin ilavesiyle egilme dayani mi ve el astik
yapltlan su emme testleri, zeolitin kompozitl

2. DENEYSEL ¢ALI KMALAR

2. 1. Kull ani |l an Mal zemel er
Bu gmada ger.i dondstiardl mios dol gul u poliprorg
mal ei k anhidrit asit PP ( MAPP) kull ani | mi s
yanmaz katkir ve kalsit oldugu bilanmekna&adi e.
icerisinde belirtil memi-80tumar. adAitndckadiam, toewina
10 pm boyutundadir. Kompozi't f-ratrisnérd wigey onl ar
bagl anmasini iyil estir me lkzebikiepdarkarbketerli kamtotuani | m
ve |lignosel Udlozik yapitya sahip ceviz kabugu
ki myasal ve fiziksel etkilesimler:i artirara
saglayacag!r dioasuniul mektedir.

22.Numuneerin Hazirl anmas.|

Cizelge 1" de belirtildigi gibi geri dénustar

cam tozu ve MAPP ekl enmigstir. Bu numunel er
belirtilmistir. Cal 1gumatd@z w a@K Tt ,0 zge rCiT, d &crelvg
seklinde belirtilmistir.
CizelgelDol gul ar1 n geri dondastiardal mus polipropil
Cam Ceviz Maleik
Numune NUMUne Tozu (% Kabuj Anhidrit
No v | Tozu (%, Akeéel e |
ajéerl ¢ ] o ,
ajéerl g agrl ék
1 100rPP 0 0 0
2 65rPP30CT5MAPP 30 0 5
3 65rPP30CKT5MAPP 0 30 5
4 65rPP15CT15CKT5MAPP 15 15 5
5 65rPP10CT20CKT5MAPP 10 20 5
6 65rPP20CT10CKT5MAPP 20 10 5

11
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Sekil 1" deki numunel er datmhmet itlemitgt iirc.i nBuwe nn u
zamanda su absorplama testi i¢in kullani |l mis

k e k iKlbmptzit numunelerin fiziki goruntileri

3. BULGULAR VE TARTI k MA

Bu arastirma c¢ali1 smasi nda i rnoau, ggamkidélgudladkg u ma
atir k findi k kabugu tozu kullani |l arak yesil k
geri dondstdaral muos polipropilen matris mal ze
numunel erin zamanaafbia@il 1v erui larbisotriprl .ama gr

0,9

0,8
07
=
= 06
E‘ == 1 (PP
5 05 —a— 65PP30CTSMAPP
g 0.4 = G3PP20CT10CKTSMAPP
= 03 e 63PP15CT15CKTSMAPP
z 03 —a— 65PP10CT20CKTSMAPP
= - et 63PP3OCK TIMAPP
@ 01

0
0 1 3 5 10 20 100 120
Zaman (Giin)
kekiKlonp.ozit numunelerin zamana bagli1 su :
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Sekil 2’ de kompozit numunel erde su absorpl
sonrasinda denge seviyesine ydkldaptf odhi k begla
nedeniyle en dusuk su absorplama dedgerini 0
absorplama oranlari1t Onemli o6l c¢cliude artarken,
goérul mastar. En ylksek skabbgorplama idgdegemni
(%0, 817) el de edilmistir. Sonuc¢lar, |lignosel
karakterinden dolayl su absorplamayr!r artirdi
sayesinde bu etgkdisytieraze&lttealbil diAjirnica 100.
birbirine oldukc¢ca yakin ol mas:i numunel erin
ulastirgrni ortaya koymaktadir.
63
62
62
61
61
60
= 60
P 59 50
E 50
Z 58
.-ESS
)
56
2 s < = - =
@'S x"-‘g u‘?s \?S *33 *»?S
S o o ol = A
.{‘ ‘ﬂ" -&' "K'. 1&"
¢ - - o &
i & e & &
R o 5 ) S
& & & S S
& o & & N
~ & & &
'ﬁ“"{ ‘é..j ‘Bg..j

kekiKbhbmpozit numunelerin kuru halde Shore

Sekil 3 'tt en ukmourmpeol zeir i n kuru halde o6l c¢cul en Sho
dondstdar al mios polipropilen (100r PP) numune
belirl enmistir. Takviye mal ze mes.i il avesi yl
degdgerd earitntids meydana gel di gi goral mektedir.

matri sin def ormasyonunu stnirlandir mas:| vV e
acli kl anabilir. En yuksek sertl ik degeri,

numunesinde62tsor e D ol arak el de edil mistir. Cam to
rijit bir yapt olusturmasi, yuk altinda pl as
saglamistir. %30 ceviz kabugu tozu ertiker en 6
deger. 59 Shore D olarak o6l cul mastar. Bu de:
tozu katki1 |l kompozite go6ére daha dusuk kal mi
iceren numunede sertli k 60 Shoruacerénnunmdg2e cam
ise 61 Shore D olarak belirlenmistir. Buna Kk

13
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oraninin %20'ye c¢it karit 1 di gi numunede sertli
sonugclar, hibrit kompozitlerde sertlik tizerinde beliti etkinin biylk 6lciide cam tozu
mi ktarit ndan kaynaklandi girnit godostermektedir.
65
64
o4
63 63
63
62
= 62
u 61
S 61
< 60
= 60
g
58
3 3 3 R 3 2
@3 x“-‘g u‘?s \?S n?s '-'»"?3
N o o o o o
¢ & S @
&8 N & NS &
& & &y N ¢S
- P ) )
¢ & & &
& & o
kekiKbmpozit numunelerin su absorplama sonr a
Sekil 4'te kompozit numunel erin su absorple
degerl eri go6steril mektedir. Su absorplama so
numunesinin sertligi 60 Shore D ol ar ak bel
kompozitlerde daha ylUuksek sertl i k othmogiter | er i
numunel er, su absorplama sonrasinda da kuru
korumustur. En yiuksek sertlik degeri 64 Shor
numunesinde el de edil mistir .maGamntao ZKwmrwsn b}
diren¢, su absorplama sonrasinda da kompozi't
karsi Il 1k, %30 ceviz kabugu tozu iceren 65r PF
D olarak o6l ciul mis ol upmpddai tdteggrerd alaan d logziuk kk
kabugu tozunun |lignosel U0lozik yapisi ve meka
ol masi, sertlik UGzerindeki katkirsitnin sinirl
cam tozu orasenthi kRrttemgeriherninde arti s egili
%15 ceviz kabugu tozu ic¢ceren numunede sert.]
kabugu tozu ic¢ceren numunede yine 63 Shore D
oraniniome wplz0 'kagbugu tozu oraninin ise %20'ye
D ol arak ol c¢ciOl mastar.
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65
64
63
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)
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EKuru ®SuAbsorplamis

kekiKlonp.ozit numunel erin kuruShtreDseée tVe ksuedles dr

Sekil 5'"te kompozi't numunelerin kuru ve su
deger |l eri karsilastirmal. ol arak sunul must ul
absorplama sonrasinda sertli k degergoesrtienridni g
gordal mektedir. Geri doénustiardl mas polipropil
Shore D'ye yukselirken, cam tozu, ceviz kabu
benzer sekilde yakl asi kt i2r Shiurru Dveé i ku aalis i |
birlikte degerl endirildiginde, sertl ik bak:i

degi si kli k meydana gel medi gi go6érdl mektedir.
cam tozu iceren 65rPP/30CT/SMAPP numeinen de el de edi | mi stir. Bu

kabugu tozu ic¢ceren kompozit daha diusiuk sert/|
oraninin artmasina bagl ol arak sertlik dege
tozunun yiksekrifil i e sahip yapisindan dol ayl pol i me
sekilde sinirlandirmasityla iliskilendirilebi
ragmen kompozitlerin birbirlerine goyue serg
mal zemel erin sertlik davranisini oO6nemli oI c¢cd
tipi ve dol gu orani ol dugunu godstermektedir.
hem de su absorplamis numunell ce dedidlamas iyniik s
Bu sonuc¢lar, cam tozunun kompozitlerin yiluzey
daha etkili bir takviye mal zemesi ol dugunu o
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4. SONUCLAR

Bu arastirma kapsaminda, ati katkhml t ogeaeriveda
polipropilen hibrit kompozitlerin su absorp
incelenmis ve el de edilen temel sonuc¢lar asa
Kompozit numunelerin sugabsolpalrakaaotans!| goist
gunden itibaren doygunluga ul asarak denge se
sayesinde en diusuk su absorplama egil i mi ma t
Lignosel dlozi k ve hidr ddzundnisigtemg dapiliegilmesisia hi p c e
absorplama oranini 6énemli o6l cude ylukseltirke
tozu bu artisi1 kararli1 bir sekilde dizginlem
kabugu tozu icerenl &pakmikaggeddbmbP®t Bd7 o
Geri doénidstdarudl mios polipropilen numunesinin
0l cudl mis, matrise sert ve rijit dolgu partik
stnirlandirri I ms ve ti0m kKunmadek anliksek sartliky G z ey
yuksek rijitligi sayesinde deformasyon diren
Shore D) el de edil mistir.

Hi brit dol gulu kompozit sistemlerde, kar i1 si1 m
dedemrinde yukari1 yonld bir trend olustur must
artmasi mal zemenin elastik modul dnidn cam toz
artisinit daha sinirli1 diozeyde tutmustur.

Su absor pl ama t &styib1s oyrarsaasninmdm ss e ratklsiikne t 0m
kuru duruma kiyasla yaklasi k 2 Shore D'Ilik s
emme sonrasinda da en yiuksek sertlik perform
numune ser ginluemins tgierr.i BWnNngigt Gr 0l mds poliprorg
mi kroyapi sal yeni dreat dilg ead &@ nynez i aeélgiu deg
ol dugu dusundl mektedir. Bunun yani sira Shor
nedeniyle,dolgupat i Kkl I eri nin olusturdugu yluzey sert
artmasina katkida bulunmus ol abilir.

Yizey sertligini gelistirme ve c¢cevresel etke

ceviz kabugu tozuna kel yed selma nd a hod deufgeuk tdiofg rhbuil re
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OZET

Bu calirsmada, vinilester matrisli kompozitle
kull animinin mekani k o6zelliklere etkisi ar a:
aclidan o6neml. mi kt arl arda olusan ve degerl en
poli mer kompozitlerde kullani | mas:] hem siUr di
hem de ati k yodnet i mi aclsi ndan ®&50emltane avant
boyutuna sahip findi k kabugu ve ati k cam to
ilave edilerek kompozit numuneler dretil migst
sertlik dlgtimleri, SEM gorintileme, su emme testlerigee k | est i ri | mi stir . F
kompozite hafifli k ve tokluk kazandir masi, é
artirmas.| bekl enmektedir.

Hibrit sistem sayesinde her iki dolgunun dstin Ozelliklerinin bir araya getirilerek dengeli

mekani k performans el de edil mesi amacl anmakt g
endiastrivyel atir klarin yuoksek katma deger | i |
cal i smal ara katkir saglayacag!r degerl endiril m
Anahtar Kelimeler: Vinilester o mpozi tl er , findir k kabugu, at

surdirtlebilir malzemeler.

1. GKRKk

Kompozit mal zemel er , fiziksel ve ki myasal 0 .
bil esenin bir araya getiril mesiemeleidiroBuust ur
mal zemel erde matris fazi yapl! sal biatdnl 0§00 s
vV e fiziksel 0zell i klerin gelistiril mesinde
karsilastiril dirgirnda yiuksek Sarlagabilir 6zlekhera n 1 m,
sunmal ari1 nedeniyle kompozit mal zemel er hava

yaygin sekilde-3kullani | maktadir. [ 1
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Son yi1llarda suarddrdalebilir 0Or et imazemeldrdey 1 S1 n
dogal ve geri doniudsturdl mids dol gu Kkull ani mi
Tar i1 msal ve enduiustriyel ati1 kl ari1n kompozi't
azalti |l masi , dretim maliyetrlier isninn rd asnn ol rhe
oOneml i avantajlar saglamaktadir. Bu nedenl e
kaynaklarin polimer matrislerde kull ani mina
Findir k kabugu, |l i gnoselrdlt@ziiknsyadpilayta ks ahiup d
Ve l i gni n i cermektedir. Dinya fi1rndi k ar et
gerceklestirilmekte ve her yil oneml i mi kt ar
yogunl ugu, yenil enenbiik i av antnmajsliar ve sakesobn
kompozitlerde dogal dol gu mal zemesi ol arak d
nedeniyle yiuksek oranlarda kullanil diginda
Ozelliklerde azalmaya neden olabilkbedir. [4-7,14,15]

At1 k cam i se geri donidsium potansiyeli yuksek
alanlarina goénderilen endiustrivyel ati1 kl ar da|
rijitlik ve asi nma dimessadecikili biy ddigu malzeneesi blarak | e r i
kull ani |l abil mektedir. Mikron boyutlara 6gut
vV e boyut sal kararl 111 g1 artirrirken, yuksek
davranmasi na eded®2I3] ol abi | mekt

Dogal ve inorgani k dolgularitn birlikte kul/l
arastirmaci |l arin Uzerinde yogunlasti1 gl cal
sistemlerde farkl: kar akt eyrae gseahiirpi | @oleggu hm,
avantajlaritndan yararlani |l masit amac¢l anmaktad
soniml eme kapasitesi ile atir k camin kazandi
sayesinde daha dengeli mekanik 6zelli&lsahip kompozitler elde edilebilmektedir. [8,10,12]
Vinilester recineler, epoksi recinelerin yuik
i slenebilirlik avantajlaritni bir arada sunan
o r a n isek koroiylon direnci ve iyi mekanik 6zellikleri nedeniyle birgok muhendislik
uygul amasinda tercih edil mektedir. Bununl a |
dretilen vinilester esasl hibrit kokgap oz i t |
sitnirl o drir. [ 2, 3,8, 12]

Bu calismada, c¢evresel sdOdrduardalebilirlik yak
vinilester matris ic¢cerisinde tekil wve hibrit
kompozitlerin Shore D sertlkk zod dar be dayani mi, su absor g
gerceklestirilmis; dol gu tur G vV e oraninin
incelenmistir. Byl ece tari1 msal ve endustri
mal zemel er e dotnkiis tdia gill amema snie-Emac¢l anmi st 1 r .
Bl edzki vd. [ 4] polipropilen matris i1c¢cerisi
kompozitlerin mekani Kk Ozelliklerini i ncel em
el astisite modiuhindaeaedgi smgdodhgami smmt i r . Bun

oranlarinda ¢cekme ve darbe dayani minda azal m
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Demir vd. [ 7] findi k kabugu ununun poliprop
Uzerindeki e$kisinboamavabkarymuygun parcaci k b
iyilestirdigini gostermi stir. Ancak yuksek
nedeniyle bazi mekani k 6zelliklerde dusius ol
Cetin ve Ozmen [6] gusumun ke kakosuiuved polye.
kompozitlerde Kkull ani mini i ncel emigstir. Ar a
basari1l1 sekilde dagil abildigini ve sertlik
dol gu or asrdlu&kr iodndissubmd ar1 nedeniyle mukavemet
Val asek vd. [ 11] cal i smalari nda ger. donuast
dol gu mal zemesi ol arak kullani |l mirstir. Arast
vV e egi | me modudl U Uzerinde o | u mlzelliklee %20i | er
seviyesindeki cam katkisinin mekani Kk perf ol
edi |l mi stir.

Raza ve Westwood [ 13], ati1 k cam dol gulu te]
et kil erini i ncelemistir. Bichamkmadi fi kas ynan u
bag kuvvetinin arttigi belirlenmistir. Bunu
belirgin iyilesmeler elde edilmistir.
Srivastava ve Pawar [12], ati1 k cam tozu kat/|
ar angitsitrr r . Cam tozunun sertlik ve rijitlid

dol gu oranlarinda gevrek davranisin artti g
Mul l er ve Valasek [10], fi1ndi k kzéldsiungekanikmi kr o p

ve tribolojik o6zelliklerini i ncel emi stir. C e
artirrdi gi vV e yeterl. mekani k perfor mans s a
kabugunun sudrdaral ebilir idbitecep dremlt bir kayrak i mi n o
ol dugunu vurgul amistir.

Garua vd. [ 8] tari1 msal ati k dolgulu vinilest
arastirmistir. Sonuc¢l ar, dogal ati kl ari1n
kul l ani | adti d rermiegti inri. gAyri1 ca dol gu mi ktari1 ve
kritik rol oynadi g:r belirtilmistir.

2 . DENEYSEL ¢ALI KMALAR
2. 1. Kull ani | an Mal zemel er

Bu c¢calismada matris mal zemesi olarak viniles
kabugu tozu ve smneetletllketpnpier io&kisi 61 &uwak ani | mi st r
boyutl ar 50 pm, findi k kabugu tozu 50 pm b

recine, yuksek mekani k dayani mlemars mglzemekii my a s
ol arak tercih edilmigstir. Ayrica dusuk vi sl
parti kidllerinin rec¢cine ic¢cerisinde daha homoj
2. 2. Numunel erin Hazirl anmas:|
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Cizelge 1’  de belriggiinaiigdergiisiine ilmallleistaerran
cam tozu ve sertlestirici eklenmistir. Bu nu
belirtil migstir. Cali smada findi k kabugu toz

CizelgelF1 ndi k Kabugu ve Cam Ati1 k Dol gul u Kompc

Féndéek Kabu Cam At ek Re-ine Oi1rSertlexti
(ajéerl ek- (ajerl ék- %
0 0 100 1
5 15 100 1
20 0 100 1
10 10 100 1
15 5 100 1
0 20 100 1
Sekil Téflderkikal 1ba dokiul mis numunelerin fizikse

i

kekiTlefl.on Kal i1 ba Do6ékul mus Numunel er
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3. BULGULAR VE TARTI k MA

51 NbDS adzfi RS YSa
HD

H I I I

{FF A VyAMEBY GMANGEY wMp pCY HE

kekiAlt i1X. cam ve findi k kabugu dol gul usovniungillaersit er

Sekil 2'te Atir k cam ve findi k kabugu dol gul
sonuclart1t verilmistir. Grafik incelendiginde
kompozi't numunel ere go6re dBhayidksék oadhbgud
dedgerl eri 5CA15FK ve 10CA10FK kompozisyonl a
kabugunun c¢atlak il erl emesini yavasl atan ve
yapi st il e cam ati1 g1 rugrui jhiitbryagdiesinmer retkkiirsliiyHd
at1 k oraninin %2 0 seviyesine cr karit 1 di g |
goézlenmi stir. Sert ve kirilgan yapirya sahip
gerilim yirgir Il makbdhgehkril erlbgmaesani hi1 zI anc
hibrit sistemlerin tekil dol gu sistemlerine
6zelli kle 10CA10FK kompozisyonunun darbe yul
belirl enmistir.
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{ SNIf A
d K2NE 5
CH
CM
cn
p
pYy
pT
pcC
PP
{IFT 2AYyphMBEIBNMEY mMpPpbHCY HE
kekiAlt 1X. cam ve findi k kabugu dol gulu vinileste
Sekil 3"te Ati k cam ve findi k kabugu dol gul u
gosteril mektedir. Shore D sdeorltglui ki |saovneuscil ay a |
kompozitlerde saf vinilester numunesine ki1 ya
Dol gul aritn poli mer matris icerisindeki Zinc
karsi direnc¢ ol usedendmasit bu artisin temel n
Findir k kabugu ic¢ceren numunelerde sertlik dec
yaplinin matri si gucl endirmesiyle iliskilendi
ati1 grn katkisityla sertlnigkelve hrail jei tgleil ldi @2 e Igldi
edilen veriler, hibrit kompozitlerin yalnizc
da avantajli ol dugunu ortaya koymaktadir.
En yiUoksek sertlik degeri 61 Shor erkén hiblite %20
kompozitlerin sertlik degerlerinin 60 Shore
cam ati k partikiallerinin yiuksek sertlik ve r
daha et kin sekil de st nidiandiBumawnlnad a i rklai
kompozitlerin sertlik deger#6eoiannndafawti n$ |
findir k kabugu ve cam ati1 girn birlikte kullani
mekanik Ozelliklerini de koruyabildg i n i gostermektedir. Dol ay1 s
dol gu sistemlerinin yalnizca rijitligi artour

performans olusturdugdgunu ortaya koymaktadir.
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kekiAlt i1k. cam ve findi k Kloapw@u tdelrguwl © uviemmlee glte

Seki  Atd4kteam ve findi k kabudgu dol gulu vinil

gosteril mektedir. Su emme sonucl ar. i ncel e
mi ktaritnin zamanla agsdrnura dedrdienckegngseiyree sy ¢
goésterdi gi gor ual mektedir. En yuksek su absol
el de edilirken, saf wvinilester numunesi en

f1rndi k kabugunun eyadiogzi nda bemiusnalhnil oz bil
karakterinden kaynakl anmaktadi r.

Cam ati k katkirsinin ise su absorpsiyonunu a
10CA10FK hibrit kompozisyonu, deney siuresi |
gostererek hibrit sistemler ic¢cerisinde en d
parti kdll erinin kompozit yapi ic¢cerisindeki b
yol l ar stnirlandi r mas:| il eabgkdnwmmabsitr .or
kullanil masi, dogal dolgunun neden ol dugu hi
Genel ol arak degerlendirildiginde, su absorp
mekani k o6zelliklereivregs@ill dakampaonz int | erai nolq
gobstermektedir. Ozellikle 10CA1O0FK kompozi sy
yapl sergileyerek uygul ama potansiyel: y UKk :

Cl kmi stir.
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k e k ia) Saf¥inileger SEM gorintist) %1 0 Fi1 ndi1 k Kabugu %10 Cam At
numunenin SEM goruntiisi)%2 0 Cam At 1 k dol gul u kompd)%20t numun
Findi k Kabugu dol gulu komposit numuneni:

Seki |l DafVireles@r)SEMgbrintis b) " de %10 Findi k Kabugu ¢
komposit numunenin SEM goérintidsia c¢c) de %20 C
goériuntiosiad ve d) '  de %20 Findi k Kabugu dol gu

sunul mustur . SEM g 6 r 0wvinilesterqmumunesinm aa&hd diagdin @i nd e
homojen bir kirri1l ma yuzeyi sergiledigi gor a
ol mas1 , catlaklaritn belirli bir y ol boyunc:
kapasitesinin s ntedir.|Bu gonldmd safgvinifester mumunésimde releek

edilen diusiuk darbe dayani mi sonuc¢lari il e wuy

%10 findir k kabugu ve %10 cam ati k ic¢ceren hib
daha purdzld ve karmasi kdibir Dalpgu kpamagaacigk

icerisinde daha homojen dagi Il di g1, c¢catlak il
fazla enerji tiketil di gi anlasi | maktadir. B u
dayani mi degmekeei al upgegsatkkecam ve findi k Kk
daha etkin bir yuk transfer mekanizmasi ol us
Yal nizca cam ati k i¢ceren numunelerde bazi bod
gozlenirkémndyhk!| kabudu iceren numunel erde p
yogunl asmal ar i tespit edilmistir. Buna kar s
t amaml amas sayesinde daha duzenl i ve karar|l
olarakSEM sonuc¢l ar 1, 10CA10FK kompozisyonunun d
mekani k performans acisindan en dengel. k omp
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4. SONUCLAR

Bu arastirmada, atir1 k cam ve f 1 nfdarkk | k a bourgaunnl u
kull ani Il masi yl a dretil en kompozit mal z e mel
incelenmistir. El de edilen bulgular, dol gu t
belirleyici bir et kiye s aHer gonuocuhdd, eddistriyel vg 6 st e
tari1 msal kaynaklI i atir klarin kompozi't dgretim
konul mustur .

|l zod darbe dayani mi sonucl arina go6re, en 'y
edi |l mi stir. Ozeb uPHHx |l earmldt fk nde k%IkD damdatk: K
iceren numunel er, di ger kompozisyonl ara ki vy
gostermi stir. Bu dur um, sert cam parti kol |l e
kabugunun ceastilmik yidwagleant an yapisiyl a birl €
hibritlesme etkisinden kaynakl|l anmaktadir. B
i ceren kompozitlerde daha kirrilgan bir davr
meydana gel mi stir.

Sha e D sertlik sonuclari, tum dolgulu kompoz
dedgerl erine ulasti gl ni gostermistir. Dol gu
sitnirlandi rmas.| ve ylUuk al ti1 ndai sdteef oetnkaislyio no Ic
Sertlik baki mi ndan ger ek cam ati1 Kk ger ekse
g0zl enmekl e birlikte, hibrit sistemlerin me
sundugu go6érul miostiar. Bu sonwug,s &rotmlpiok idc¢ipeiri
mekani k d6zelliklerle birlikte degerl endir mek
Su emme testl er.i i ncelendi gi nde, findi k kabt
absorplama egil i mini ni gynioksseelludliogzii kb eylaiprildeankmi
hidrofilik karakter: bu davranisin temel n e
absorpsiyonunu azal tici etkide bublhdugodigh
kabugu ic¢ceren hi bermnte kdeampoamiisy nda,dasha deng:
yaplinin c¢cevresel etkilere karsi daha karar/|
dur um, cam partikdllerinin yapl I ceri sinde
st nirl andi mdrianektedid. a i1 i skil e

SEM incel emeleri, mekani k testlerden el de eoc
bul gul ar ortaya koymustur. Saf vinilester n
ki ri Il ma yuzeyl eri go6zl eni rsk&n ,vehiplrritutz | kio rop oz
belirlenmistir. -%iz0CIfliirkdiek %&b wwun iagarken num
daha homojen ol dugu, catlaklaritn ilerl eme yo
geni s bir alana .y aBunlad kar sgidlridkl nylagltnlt zca cam
yer arayiuzey ayril mal ar ve mikro bosluklar
kompozitlerde parcacit k kiumel enmel erinin ol u
sistemlerin daha eitk| i bir yuk transfer mekanizmasi gel
Tim deneysel sonucl ar birlikte degerl endir.i
iceren hibrit kompozisyonun en dengel./ per f
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kompozisyon; darbe dayani mi, sertl ik, su di
formil asyonl ara g6ére daha basari1 11 sonucgl ar
findir k kabugu ile endiustriyelsiainkyalanzcam
acidan degi |l , miahendi sl i k perfor mansi baki1 m
gostermektedir. Sonu¢ olarak bu tdar hibrit Kk
uygul amal ari1 nda kul | aemmrinlaahifl ercad kz esmierl deirr Ualr eabsil
degerl endiril mektedir.

Sonu¢ olarak bu c¢al 1 sma, atir k cam ve findi Kk
yuksek katma deger | i kompozit mal zemel erin 0
edilenbul gul ar , sudrdaral ebilir mal zeme gel i sti
otomotiv, yapi, denizcili k ve genel miahendi s
kompozitlerin gelistirilmesi acisecedaer gapdh
cal i1 smal arda yiluzey modi fi kasyonu, farkl p
incel enmesiyl e kompozi't performansinin d
degerl endiril mektedir.
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O-RKNG KANALI CRIPNGII NARPI NA OLAN ORANI NI N SI ZEL
PERFORMANSI NA ETKKSK

Mak. Muh, Berkay Mendi

RTC TEC Bagl ant i El e ma ntecaom-0088.00p356330762e r k ay m
OZET
Hi blagl ant1 el emanl ari1, hava, su, yag ve ki my

saglayan ve endiustride birgcok alanda yaygln

Kullanim alanina bagl. ol ar akl afrair kb e k | peenr ni eokr
Ancak akiskanlaritn iletiminde kullanitlan hi:
dzelligi aranir. Yiuksek basi ng al ti nda ¢cal
durumunda, I sl et meye z ama n hdani gumsy Usoriuglar v e
dogurabil mekt e, bunun yani sira is kazal ar.
alirndirgirnda st zdirmazli1 k o6zelligi icin cali1s

bulunan Gr i ngl er si1 zdi rmazéah maktoamdisundBu kcalki &§ma

el emanl ar i¢cin stzdirmazli k 6zelli giimgi n gel
kull anitl arak ve farkl: bas ngeclkamadli ngraga py ag
ol an oranilniitkn pserzfdorrmmearzs 1t na ol an et k4ingi I ncC e
kanal i1 -capgngapOna oraninin sitzdirrmazli k per
sahip ol dugunu gostermi stir. Bel irli bir o]
pefdo mansinin iyilestigi tespit edilmistir.
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Anahtar Kelimeler: H1 z1 1 bagl anti1 el emani, Sihng.di r mazl
1. HIZLI BAGLANTI ELEMANLARI

l cinden akiskan gecen, hortum veabormasangyan
uygul amal ar da hi z1 bagl ant | el emanl ar i on
el emanl ari1, a¢ma ve kapama islemlerini ki1 sa
sureclerinin daha ver i mli wied 0tl'l dnee sihnel 1k a
el emanl arina ait o6rnekler goérul mektedir. Bag
hi z1 bagl ant el emanl aritnin kullani | mas:i [
I sl etme maliyetleriol maktgdr ol melsdnel yar di st
hi z1 bagl ant el emanl ar aki skan kaybi1 ni er
hidrolik hattin guvenl.i ve hi1 zl bir sekil d
Ozellikleri sayesindss 6z konusu el emanl ar , 0zellikle wuze
benzeri il eri teknol oj i gerektiren havaciti |l i
sistemlerde yaygin olarak tercih edil mektedi
cal 1 s ma prensibine sahip gor idnse de, end .l
karsilayabil mek amaciyla yuksek hassasiyet/l
sektorl erde edinilen saha deneyi ml earlii swma t e
kosullaritna uygun ¢ok sayirda standart hi1 zl
farkl 111kl ar bul unsa da, hi z1 bagl ant el e

Bu sistemler genel ol awva&k"soket("enldelsibad@lgam

utzere i ki temel parcadan olusmaktadir. Bagl a
ylUksek cali sma basincina karsi si1zdirmazl 1 gi
ayril masinaekedekhkmel hhivivetc |l erine kar si gluve
mekani zmasi olusturmaktadir [ 2]
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Gorsel 1. Hezl & bajlanté el emaneé

1.1. HizIl1 Baglanti Elemanlarinin i¢ Yap!s

Hi z 11 bagl anpar gdeman| bsb&génden ol usur. Bu:
parcasit, di s kapak (bilezik), kilitleme bily
ringler). Soketin icgcinde di s kapag! vedwal fi
i se er kek ucu cevreleyerek, er kek ucu y uv
bul unmaktadir. Soketin tam merkezindengval f b
sayesindeki aki s ot omati k ol arzerikdekk @riage r . Ug
st zdirrmazli1 k saglar. Hi zIl1 baglanti el emani

u¢ arka parcasi, val f val f-r iyrag/lierv)e. sQ@ozrdsierl
gosterilen gorselde hmarkgeasbaghaati kekemamu

Val f ac¢cir k i1 ken kirmizi okl arla aki s semati zi
val fin kapal: ol dugu konum godésteril mistir

konumda, valfohmamaktaddan aki s
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et = By

Gorsel2z a) Valf a-ék konum, b) Valf kapal

12.0ring Yaplisi ve Calisma Prensibi

Hi droli k si1zdirmazl i k el-eimaghemn, abagt y agigo mo
sektorida ol mak UGUzere diger endiustri kollari1 nd
nedeniyle oldukg¢a yaygi n birarsiedkiirl.d eAyknul |zaanme
stati k hem de dinami k uygu-tamgl &udé&akuml ann
basl i ca avantajlar asagirda verilmistir.
A Maliyetinin nispeten disik ol mas:i
A Ayni goérevi yapan di ger but thacmsi1 zdirmazl i
gerektirmesi
A Her iki yénde si1zdirmazli k sagl amas.]
A Mont aj i sleminin deneyim gerektirmemesi,
yarat mamas |
A Oring kanalinin islenmesinin kolay ol mas]

A Statik uygul amal arda contal amesa goére daha
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G°rsel 3. B arsiénng-i na |-taélnédkamaO Kk e k | i [ 3] .
Oringlerde si1zdirmazli1 k, montaj sirasinda ol
sayesindes agl anmaktadi r . Bu deformasyonumningi st eni
kanal i1 nin uygun geometri k o6zelliklerde tasal
sekline donme egilimi, temas yuzeyl arlitmsdma ge
st rasinda ol usan sistem basinci da bu kK u\
desteklemektedir.

El ast omer ydapinga madlziepne i1 yuksek viskozit
gosterebil mektedir. St zdi kmablosk ugiuneylaeidia i
¢cal 1 sma basincinin mal zemeni n def orrmasyon

mal zemesinde ekstridzyon (mal-zemgimkmasehl ime
cali1sabil ecegi maksi mum b als 1bnogs | dueggue rvie, cnaallizse
gi bi parametrelere baglidir. Statik si1zdir ma
bir bosluk bul-unmgldedginsdagaeabiOl ecedi basin
s6z etmek miumkdn degildir. [ 4]

Gors¢e 3’ te goriuldiugiu Uzeriemggdlagmfalkiidsakna m absa d |

gor ual mektedir. Gelen kuvvetlere direnerek ik
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2. DENEYSEL ¢ALI KkMALAR

Bu cali smadeal lemahil abaghantst zdirrmazl 1 kl-ar 1 ni
ring kanaftimg@apecapnn® ol an orani n4ing vatfiemr f or me
Uzerinde olup soketin u¢ kismina Wwaslgr caygul

biyuoky a da kuciuk ol masit valfin takil dirgr kisim

OptimumOr i ng c¢ap!1 i¢in 3 mm, 3,5 mm, 4 mm, 4,5
Oring kull-mainmg¢gimmstakil @1 g1 kanailsitni rg.enTiessltilgeit
Hi dr ol i k Test Maki nesi il e yaplt !l mistir. Y
st zdirmazl 1 k testi bu maki nede gercekl esti

gorualmektedir.

Gorsel 4. Hidrolik Test Makinesi

Or i nglzedriirnmaszil 1 k performansl ar i1 ni 0l ¢cmek i c¢i
yapt |l mistir. 50 bar degeri dridnidn maksi mum
boyuttaGr i ng i ¢ceren hizIli1 baglanti1 el emamwlkni n t e
st zdirmazl i1 k test.i yaplil i1 rken test suresi S
belirlenmistir ve test 5 kez tekrar edil mi st
test cihazina valfleri kapali1i konumda bagl an
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G°rsel 5. Hezl & bajlanté el emanl ar éne
Yapilan testlerde 25 bar yag basinci uygul an
st zdirrmadi g1 gor ol muostuar . 25 Dbar ve altind

el emanl ar 1 nmisnt 1gadIhvigk Igapeah n performansa dog

sonucuna varitIlmistirr. Cizelge 1. de sonuc¢l ar
Cizelgel. 25 Bar il e Yapélan Test Sonu-1arée
O-ring O-ring Test
Yag Ba Durumu
Referang KanalCa p41| Cap [bar] [Tekrar Sonug
ring ( [mm]
sayl
1 1,50 3 OK
2 1,29 3,5 OK
3 1,13 4 25 5 OK
4 1,00 4,5 OK
5 0,90 5 OK
50 bar il e yap1 Frann gt ecsatplienrddaekli & rhf a&rl k d sb ag@d Gainnt
sadece 2ihgr klapr@daki hi z1 bagl ant i el emani
mm, 35mmve5mMmm®i ng c¢caplt ndaki hi1 z1 bagl ant el
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edilmistir. 4immg cwapbagbmmtdi el emanl ari nda i

edi |l memis ve testi basarityla gec¢cmistir. Cize
¢i zel ge 2. 50 Bar ile Yapeéelan Test Sonu-1|ar é
O-ring O-ring < Test
Referang Kanal -¢ Cap Yag rka Durumu Sonug
) . - [bar] [Tekrar
ring ( [mm]
sayl {
1 1,50 3 NOK
2 1,29 3,5 NOK
3 1,13 4 50 5 OK
4 1,00 4,5 OK
5 0,90 5 NOK

3. SONU¢LAR VE GENEL DEJERLENDKRME

Yapitl an testler sonucunda el deuleadgillemi svteirri:l e
25 Bar Test Sonucu Dejerlendirmesi

A 25 bar ve altindaki basin¢gclarda ¢€al i1 san h

ringler ic¢cin c¢calisma arali1i girigegigcapil wuag, s
hirzIl 1 baglanti ehkmeal asmakbadnsuz ol a
A 25 bar c¢alisma basincinda gerceklestirile

mm,45mmve5mm®i ng c¢caplina sahip tidm numunel er

gozl eml enmemi stir.

Bunun t emel nedeni , 2rg deane t bialsemic areasymredalk
far ki ni ortaya c¢1 karacak kadar yuksek -ol mama
ring capl ar. yeterli st zdirmazl i1 k perfor man:
yapltl masi na ol anak sha gl asyoancuack ealydier te-geigllie me mi
kanal capitnin sitrzdirmazli k performansina etk
tasarit m kriteri olan maksi mum c¢ali1 sma basinc

50Bar TestSonuclDej er |l endi r me s
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A 50 bar ile test edilen hizli1 baglanti1 ele
cal i1 sacak hirzli1 baglantirieng@emaapilarar algi @i
baglanti1 el emanlarinin yaplrldaagit esdanhwecung
var it Il mistir.

A 50 bar ile yapilan tesgleade d4r mmi gendns5s
basari1yla gec¢tigi belirlenmigsrtiimg @amian&a
sahip hirzli1 baglanti1 elemadil@r i gdnidkmigt i

Bu uUurdn O6zelinde maksimum c¢ali1 sma basinci

sonucunda, @ i ng kana-tim@apcapnhMl,l3aaasnnda sec¢iln

drdndn gldvenilir ve sagli kli1 c¢calismasti ac¢i1 s
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OZET

Bu c¢cali smada, | if katki |l pomza agregasi| kul
ve mekani k 0dzellikleri i ncelenmistir. Deney
pomza agr elkatelnumurgelerr ike mgelik lif (CL), makromesh lif (ML) ve
polipropilen | if (PL) katkitl i1 har¢ numunel er
egil me ve basing¢g dayani ml ar t est edil er ek,
etkleri arastiri I mistirr. Karisi mlarda ¢i ment o,
i se hacimce %0,5 sabit oraninda kullani |l mi st
kari1 si1 ma kiryasla egi |l me dalftaplenningererdnamunelei | e S me
56 gunl 0k basing¢g dayani minda kontr ol numunes
pomza agregas!t ic¢ceren hafif harc¢larda kdar s
l'if kull ani m rmagatalnak korntlrecgltd rvmee aci1i si1 ndan
net ortaya koymak i¢in ¢imento ve |if doza
belirl enmistir.

Anahtar Kelimeler: Pomz a agregast, hafif hameshlif pol i pro
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1. GKRKK

Yap! sektorunde son yi1llarda o6ne c¢i1 kan teme
verimliligi yiuksek suardurdolebilir malzemeler
b6l gel erde ya@iurllairginnitnopdzaad t 1 | mas | hem yap!
aclidan oO0neml. bir tasari m kriter.i haline gel
sistemleri, geleneksel betonlara alternatif
Hafif beton Gretmm d e kul | ani | an agregal ar, dogal veya
hafif agregal ar ic¢cerisinde pomza, Turkiye’  de
yapt st nedeniyle O0ne ¢i1 kmaktadir. Vol pani k Kk
ol mas. sayesinde diusuk birim hacim agirl i gi
karsi |1 k, gobzenekl i yapl s nedeni vyl e mek ar
olusturabilecegi farkli1 arastirmal arda belir
Literatiirde pomza agrg a s | i ceren hafif betonlari n genel
gosterdi gi, ancak wuygun tane dagiti | 1 mi ve mi
azal tabil ecegi i fade edil mektedi rbirimBaomunl a
agliirk dengesi oO6nemli bir tasari m parametresi
Ci mento esasli1 kompozitlerde mekani k perform
yayglinlasmistir. Lif takviyesinin cen |¢rkdmlrir
il erl emesini kontrol altina almasi ve c¢atl ak
egil me yukl er:i altinda daha sunek bir davr al
kapasitesi artmaktadsti k6yrdjrePbypa&@pil entl
et kil i ol ur ken, celi k ve makro sentetik | if
kapasitesi saglamaktadirr [8, 9].

Lif geometrisi, | if orani ve matr iebeliriefice ader
faktorlerdir. Ozellikle makro |iflerin kulla
ve c¢catlak olusumunun daha kontroll 0 gercekl e
agregas| i ceren hafttrharic klheir bi ml aktefarkt
egil me ve basin¢g dayani mi aclsindan mekaniKk
sonucgl ar, I i f kat ki st nin hafif harc¢l ari n me
amaci yl a Ildmigsetrilrendi r i

2. DENEYSEL UYGULAMALAR

2.1 Kullanélan Mal zemel er

Bu calismada baglayirci mal zeme ol arak CEM |
Hafif agrega ol arak i se Nevsehir bolgesinden
agregad r | tercih edil mistir. Pomz a, dasiuk biri
sayesinde hafif yapi mal zemel erinin Oretimir
Bununla birlikte gb6zenekl: yapl!l s nedeni yl e
harc¢larin taze ve sertlesmis hal 06zellikler
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Har ¢l arin mekani k performansi ni dedgerl endi rr
(CL) ve Makromesh Lif ( ML) kullant I mistir.

catl ak olusumunu sinirlandirrdir gr, yuk aktar:
ol umlu katk:i sagl adi g1 bilinmekt eddgormsellef 6, 1 3]
Gorsel 1’ de veril mistir. Poll i prmo kirloe ng altil f
sinirl andatrkiillmasohdagu, cel ik l'iflerin yiuks
transferlerine katki saglayarak egil me perf
l'i fl er i se daha u sayeasinde learc agtrisibcerisiade catlak kopripemé a r |
etkisi olusturarak kompozit davranisa katk:!

Gorsel 1. A) Polipropilen Lif i b) Macromesh Lif i c) Celik Lif

Kull ani | agr @ganzar r nin fizi ksel 6zell ikl eri
incelendi ginde pomza agregal ax36 g/cnha réazsginld a a
degi stigi gorul mektedir. Ayrica tane boyutu
suemme or ani nit8n newB 5t ainlee boyutundaki pomza a.
belirl enmistir. Bu durum pomzanin gb6zenekl i
tasarit mmnda O6n doyur ma i sl emini ger ekl i K1l m
¢izelge 1. Pomza Agregasé Fiziksel ¥zellikl
POMZA BOYUT ¥ZG!'L AJI RU SU EMME ORAN
(grdy)cm

00, 5 2, 36 29

0 ,-5 2,35 30

2-4 2, 32 31

4-8 2,24 35
2.2 Har- Karéekémlar e

Deneysel c¢ali sma kapsammopdlaanbiddr tk ofnarrkoll1 oha
hazirl anmistir. Lif ic¢cermeyen ref erifacaren kar 1 s
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karisim PL, cel i k |1 f I ceren karitsim CL Vv
adlandiri |l mistir.

Kar 1 s1 m tcasneernitnol nndiakt ar 1, su mi ktar. ve pomz
tutul mus, yalnizca | if tdra degistirilerek
arastirri Il mirstir., Lif katkil i1 karitsimlarda |

Panza agregalaritnin yiuksek su emme kapasite
yaklasi k 1 saat slUureyle 6n doyurma (142 g su.

ait kari si1m oranlar | Cizel ge 2° kdaer 1warmllamids
¢ci mento, su ve pomza agrega sabit tutuldugu
¢izelge 2. Har - Karékém Oranl ar é

KARI ki¢ me|Su 00, 50,5 |24 4-8 L f Keév a
KODU |(gr)|(gr)YPomzPomzPomzPomzM kt|{Suyu

(gr)jCgr)Cagr)Cgr)Cagr)(Cagr)

K 300 150 116/ 138 91 110 0 142
PL 300 150 116] 138 091 110 1. 4 142
¢L 300 150 116] 138 091 110/ 11. 142
ML 300 150 116/ 138 91 110 1.4 142

2.3 Deney Yontemi

Deneysel cali1smada kullani |l an kafriifsimarog amu &
uygun ol arak | aboratuvar ortaminda dareti | mi ¢
agregalarinin yiuksek su e mme kapasitesinin
amacliyla agregalar 1 saat stiradyl| et udml choyuu
kari1 si1 mlar -1 $8amdNar 196 da belirtilen kar 1 st

hazirl anmi stir. Karistirma kabina o6éncelikle
il ave edil erek homojen birDghmesoor aamordoyel
gecirilen pomza agregal ar. kari1 si1 ma ekl enmi
katkili1 serilerde ise polipropilen, c¢elik ve
ilave edilere&kghbomajen se&gldemdsti r. Harc¢ Kk
Gor sel 2’ de gosteril mektedir.
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G°r sel 2. Har - Karékém Hazérl ama AkKkar

Hazirl anan taze harcl ar 40x40x160 mm boyut

yerlestirilmisgstir. Kal 1 pl ama i sl emi SlIrasint
i cerisinde olusabilecek hava boslupl gileegkal
didzeltilis ve numuneler | aboratuvar ortami nc
kal i1 plardan ¢1 kari1 |l arak standart kur kosull a
i slemi ve deney Oncesi ndi'mdien el erriel mii gt iury.gul a
Numuneler 7,28 ve 56 gunluk kdr surelerinin
Deneyl erden el de edilen veriler kontrol vV e
turdndn pomza agregal fba fmiafn s thanmglean nm e km
degerl endiril mistir

Numunel erin e , su ke¢régn

3. SONUC¢CLAR VE DEJERLENDKRME

3.1 Ejil me Dayanéme

Numunelerin 7, 28 ve 56 gunldk su kdard sonr
Gor sel 4 "te verilmistir. TuUum kari1si1 mlarda |
degerl erinde degisim meydana gel dtasgonunubel i r |
zamanl a devam et mesi ve matris yaplisinin da
[15].

7 gunl uk kior sonunda K, PL, CL ve ML numunel
1,8 MPa egil me dayani mi enldde beud idlenjiesrtlierr. s2 & a
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1,9 MPa, 2,9 MPa ve 2,1 MPa'a yukselmisgstir.
sonunda el de edil mis olup kontrol, PL, CL ve
3,0 MPa ve 2,3 MPRPa ol arak belirlenmigst

56 gunl ok sonuc¢clar incelendiginde en yuksek
i ceren CL numunesinde elde edil digi gor al me
koprul eme et ki si ol usturar ak  ctaatrliank kia pearslietn
artirrdir g1 diodsdaniul mektedir [7,13].
PL numunesinde ise toum kdar yaslarinda kont |
dayani mi degerl eri el de edil mistir. 56 gunl
kontr ol numuneki w23 goranyadhagzal mistir. Ben
de kontrol numunesine gore yaklasi k %21 or a
dur umun i fl erin matri s i emaartird isn ded elramaji enn
kal masi vei hkhder sl mvecbopsbsuk olusumundan kayn
Ayri1ca |if oranlarirnin egilme dayani mina et
|l iteratiurde de rapor edi | mi s ol up |if kul
sagl amadirg: viei kull anim oraninin sonuc¢lar Gze

c

© 35

>

© 3.0

B 25 | |

o 20 i ‘ ‘ g

_ 10 - II : ‘ I| .

— 05 : : : .

“ o0

K PL ¢L ML
Har - Kar ékeml ar é

E7 G! NL! K Ka2B G! NL! K #&/6R G! NL! K K! F

G°rsel 4. Efj il me Dayanémé Deneyi Sonu
3.2 Basén- Dayanémeé
Numunelerin 7, 28 ve 56 gunl ik su kiord sonr a:
S5"veril mistir. Sonucgl ar i ncelendi ginde tim
basi ng dayaniminin artti gl goérual mektedir.
7 gunl 0k kior sonunda K, PL, CL ve ML numunel

5,2 MPa basin¢g draya2a8 mgurl dle lkdn [snorsunda bu
6, 0 MPa, 6,7 MPa ve 6,9 MPa' ' a yukselmistir.

degerl eriokudeKegdPLmi §L ve ML numunel er. i ci
MPave 8,2 MPaolaka bel i rl enmi stir.
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56 gunl 0k sonuc¢lar incelendiginde en yluksek
I i f iceren ML numunesinde elde edildigi got
I cerisinde olusan c¢atlaktkreni yagahamhomoper
kat ki sagl adi g1 bilinmektedir [9]. Bununl a
yakin ve bazi duruml arda daha yiuksek dayani
Gzerinde ol umsuz postermektedk.i ol ustur madi g1 ni
PL numunesinde 7 gunl 0k kurde kontrol numune
ragmen, 56 gunl ok kidr sonunda O6neml:i bir ar-
arti s, zraantamil @ dddr ans i1 ni n ongedevag metmesi ilev e h |
Iliskilendirilebilir.
CL numunesinde ise 56 gunlidk basing dayanim
egil me davrani si ve c¢atlak kontrold UOzerinc
dayani mi na kat kterdtiade belirt8mektadir[16]. ol du g u
Genel olarak degerlendirildiginde kiur sdares]
olumlu yoénde etkilemisgstir. 7 gunl ik sonucl a
basing dayani mi BMcttmgmamel &€ri PiL¢i fLsivras1 yl a
ol arak hesaplanmistir. Sonug¢ ol arak basing
numunesinde el de edildigi belirlense de bu a
s 9
> 3
6 || | | |
c 4 . .
|Q)3
m 1
0
K PL < X ML
Har - Karéxkeéemlar é

m7 G¢enl ¢m2&KGenl amb6KGE N ¢k Ker

G°rsel 5. Basén- Dayanémé Deneyi Sont

4. GENEL DEJERLENDKRME VE SONU¢LAR

. Deneysel bul gul ar , pomza agregasi| kul |l an
uzamastiyla birlikte mekani k 6zelli klerde bel
gel i si m hidirmdmtsy onunun il erl emesi sonucund:
dayanimli bir yapirya donismesiyle iliskilidi
. Egi | me davrani si aclisindan [ i f il avesini
belirl enmistir. Cel ikmundye ckeiryeas lkaarsisninr Irief
polipropilen ve makromesh | if kat ki1 11 kar i1 s
durum | iflerin karirsim icerisinde dagi !l 1 m fa
acli kl anabi lir.
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. Bag dayani mi sonucl ar. dedgerl endirildigin
olumsuz etkilemedigi, aksine bazi kari1 s1 ml a
yuoksek degerler elde edildigi go6rul mostduar.

e Celi k I'iflerin eghlmeddbar dreil $rmga nk att ldiug u,
Uzerindeki etkisinin sinirl.i kal dir g1 gozl eml
s Genel olarak dedgerlendirildiginde, I i f k at
dayanim artisi saglamaktagitekticael akilkomidr
l if etkisini daha net ortaya koymak ic¢in ¢im
uygun ol acagl sonucuna varitl mistir.
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OZET

Buarastirmada, mikronize bazalt kumu ve dere
pomza agregal. hafif harc¢clarin taze ve meksa
Cali sma kapsaminda, mikronize dol ggmnmalsa g me s
farkl mi kronize dolgu kombinasyonuna sahip
kari si1 mlarinda pomza agregaslti, ¢imento mikta
dol gu mal zemel eri nin performamgnsnumueaset ereidi Ik
¢ir karitrl dir ktan sonra, 20x2°C si1cakli ktaki su
sure¢ sonunda harc¢lari1n; birim hacim agirl.
arastiri Il mistir. Sofnaurgklair ,n uhneuwn ebd en kealrd es 1emdai
ortal amas:| alrnarak belirlenmisgstir. Deneysel
dayanim degerleriyl e, hem orta dayani ml he
kari1 si1 ml aricreign niir gtoisltebimiet ir . Ayr i ca, mi ki
harc¢larin basing dayani mini %28'e varan oran
Anahtar Sozcikle:Pomza Agregasi , Hafi f Har ¢, Bazal't
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1. GKRKK

Genel ol arak har ¢, ince agrega ve ¢imento gi
kar 1 s1 mi sonucunda olusan bir yapi mal z e me s
karit si1m suyu miktar: ve klirbadgbkaVliari mabhzeme
cimento kullanit mi, dayanim artisina katki S 8
il e belirli oranlarda yer degistirilerek kul
hafif agrega kaynzmigr vel aal amzlka tagfrekgal | ani
edil ebil mektedir. Ayri1ca hafif harc¢l ar, yap
iyilestirmektedir. Bu nedenle, insaat sektor
[2].

Pomza agga s | , vol kani zma etkisinde olusmus, far
cams | bir yapirya sahip kayactir. Yapisindaki
[ 3]. Pomza agregasi, yaplsindakiarkeqnl aklnar z=a
hafiftir. Bu nedenle insaat sektoéridnde 6neml
(2010), c¢calirsmasinda pomza agregasinit kull an
ettigi harclarinlfibzeksek] emekhandegeel eadirn
pomza esasl i1 harclarin geleneksel harc¢lara g
ve daha iyl I st yal[Btirm sagladi grni goésternmn
 nsaat harc¢clarinda kullanilan dol gu mal zeme
agregal ardan ol usur. Bu mal zemel er buazul mey
ci mento gi bi bagl ay1 ci bil esenlrecriinn pdea hfao rimyair
artirrir. Ayrica baglayici mal zemeler belirl:i
agregalari1 bir arada tutnArfaAk amaciryla kull ani
Dol gu mal zemesi ol ar ak da ndéhw Vel dere yatkalna rminkdradkn
akintirlarirn asindirarak sdruakl edi gi kayacl ar
kuvars bulunan ve dogal bir dere kumunun el e
niteligi baki mindan deredikmmuCiemk (uyakiinn taiglr er
sUrdkl edi gi kayacl ari n parcalanmasiyla el de
yuksektir[7].

Bazalt taslaritnin kiril masi ve el enmesiyl e e
i nce boyutl arrdanidozyelthid zaletk tmo Xu haline getir
mal zemel erinde, endistrivyel bir dol gu katki1 s
arttirrir, ki myasal safl 1 gi ve dayani kl 11 g1
cate kK I ar 1 o6nler. Ayrica agrega il e bazaltin ye
sagladi g1, betonun kalitesine olumsuz etki vy

rapor edilmistir [8].
Akyuncuve Cihan (20193 gr ega UuUrcd iodiussam absaznal t tozu vb.

sagl 1 g aclsindan soruna y ol actigirndan S
degerlendirilmesinin 06Bemhiedehtiegontapal icn kn
far kIl oranl addgi st meaeteki har genumunel er ar
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dayani mi sonug¢larina go6re bazalt tozunun ¢in
artisina kat KAy raz@adltdbmiczumun ince dolgu etk
sayesindeicment o hamurundaki b-8MdI uketyiami sih nar tityi  a
performansinit arttArdbé@y nve (2@8)k abdi amsasl daerrddai rk ufl
gel eneksel sap harc¢cl ari1 nin yal 1 taicmylvae gean:
donuastur ol mis EPS (kguelnllaensnEisSiaymd,isrdegoli §umue §y
oranl arda i kame ederek hafif harcl ar agr et mi
il etkenli gi dusiurerek s$sapnkamnmci arni hafiginveg
Gunduz ve Kalkar§2023) hafif ve kendiliginden yerl esebi
gelistirmek amaci yl a, far kIl boyutl ardaki p
hazirl amislardiruygonugr aol ar ala pomza agreog
yogunl uklu, kendiliginden yayilabilen tesviy
[ 10] . Ak pi1 n@026)v ed oKjoagly i kG kte n | i pomza agregasi|
olantragakantlipl ay 1 ci1 st nitn hafif yapir mal zemesi ol a
sonucl ar da; pomza ve tragakant miktarinin ar
mal zemenin mekani k dayani mini azal mtigimdawng
ol madi grni vurgul ami sl a@di)r h[alfil]f. c¢Derdeinrtoe rhair
il nce agrega yerine pomza kullanirminin uygun
pomza agregal.l harc¢l ar 1 rkl hafdiafy ayna pn vma lbza e mar
kriterlerini karsitladigrni goéstermis ve stan
dusuk birim hacim agirrli ga sahip olduklarin
(2017) pomzanin ikncharag riergeat iohiamdae Kkul |l ani | mas:
dayani mi Uzerindeki etkilerini arastirmi sl
kull anitminin harclaritn 1s1l iletkenligini &n
perfommamst i rabil ecegini gosterirken basi ng
ol mayan el emanl ar da kul l ani | abil ec(20d9), sonu
cali smasinda pomzanin beton ve harc¢larin t a:
incel emi stir. Psoi nhzi aknal nr e aaklskiayloin u ( ASR) kaynalk
mal zemenin uzun donem performansina ol umlu
surddaral ebilir, hafif ve enerji ver i nifl i yap
ol dugunu vurgul ami st (2021),[ pbrdzh ve ydpaylhafif inceeagragak a d a
kull anilarak dretilen kendiliginden yerl esen
olumlu yoénde gelistirdi dgini ygohsatferfmiasdreegda i,
ol abil ecegi ol umsuz etkilerini azaltarak ha
ulasmislardir. Bu nedenle pomzanin, hafif ve
bir kat ki mal zeme gii nbdb | dread K15).kHol skshasi rntl avbe | & c le a
(2016) , pomza bet onunun gelistiril mesi v
amacl amislardir. Cali1i sma, ekonomi k ve c¢cevre
surdoar !l aliglulramgbpri nda ve vol kanik afetler
i nsasitnda oOneml bir al ternatif Kat aemg ©eé.
arkadasl! ar i (2017) , nor mal agregalari n yani
kulanarak UGdretilen kendiliginden yerlesen har
tadr dndn et ki sibDeneiynsced!| egnalsil emal ar sonucunda
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orani ndaki artisin harc¢cl arin topl amg@gsaol emi
saptamilg.l ardir

Literaturde mikronize dol gu mal zemel erinin h

ol masi ndan hareketle planlanan bu deneysel ¢
farkl i1 boyut !l ar dear emi kkurnoun i ezkel ebrnaezrad ki, vbeu dmal z e
mekani k o6zell ikl eri Uzerindeki etkisi arast.
2. DENEYSEL ¢ALI KkMALAR

2.1. Amag

Bu c¢alirsmanin temel amaci ; pomza agregasi nl
kayi1 plari1ni ceiabi bazmék ama der e K umu dol
mal zemel erin hafif harc¢larin mekani k perforr
40x40x1 6 0 mm’ | i k kal 1 pl ar i ¢i n; bag!l awgrclar | ol a
Ur et i ILmitsetriart.tr e bakil dir girnda mi kroni ze do!l |
dayani min iyil[8stBgi ngdedl emipbinza agregal.

far kl i mi kron boyutlarinda batzwadul mdse wWerdada)y
Ozelli kleri Kamshbhagetgrulpmastna. birim hacim
basing dayani mi deneyl eri vyaptitlarak sonucgl ar

2.2. Materyal Metot

Cali1 smada kullanil an PomzaluZAgregabdev Géemisrel b
faaliyet gbsteren bir firmadan, Dere Kumu Kayseri bolgesinde faaliyet gosteren bir firmadan
ve Bazalt kumu yurt ic¢cinde bulunan bir tedar

har¢ Uretiminde TS EN 197 standarte r na uygun CEM |V Puzol ani
kull anit I mistir.

G°rsel 1. Pomza Agregaseé C

Cali smada uOuretilen hafif harc¢ kari st mnda 6n
Kumu, ¢imento ve sudur. Karisimlarin su/ c¢i me
pomza agregasi, SsSu VRomZ anead roaepguaunaplRumknaarkd la d 1
el ekten gecen ve 63 mikron elek Ustinde kal
edi |l mi stir. Bu grupta 00retilen karisi mlar 63

mikron elekten gecen ve 125 mikron elek Ustiinde kales kdemu ile bazalt kumu, 125K2 ve

125B2 ol arak kodlanmistir. Kontrol wveb5iki gr
farkli1 karitsi1m grubu el de edil mistir. Kar i1 s
kari1 stiri1larakiutaziel masti numB8aertasinda Uc¢ go
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kal 1 ba K asamada dokul mastdar. Her asaman
Vi brasyon islemine tabidi tutul mustur. Kal 1 p
edi |l mi s vekl2I0kt28ICi sswda 7 ve 28 giun ayri1 ayr
agrrl okl ar tekrar tarti |l arak birim hacim
uygul anmi stir. Her bir kari si1m deney sonucu
art meti k ortalamasi alinmistir.

¢izelge 1. Hafif Har -1l arén Karékém Or

. Dere |Bazalt| Pomza (0,63 |K é v

Kar & k|SIC Su | GImento | kmy |Kumu | mmi 8 mm) Suyu

@19 e @ © (@)

KONTROL | 0,5] 150 300 0 0 450 130

63K1 0,5| 150 300 150 0 450 130

63B1 0,5| 150 300 0 150 450 130

125K2 0,5| 150 300 150 0 450 130

125B2 0,5| 150 300 0 150 450 130

Gorsel 3. Mekanik Ozelliklerin Belirlenmesi

3.SONUC¢CLAR VE DEJERLENDKRME
3.1. Birim Hacim Ajérl ék (BHA)

Birim hacim ag:r Gbrke( BHAYyedsgeul eustur. 28 ¢
kari1 si1 ml d85¢gicddamall, @2nda dedi smistir. En disul
grubu harglarda1,22g/édo | ar ak bul unmustur. 28 gunl ik pom

deger |l rebiimimebyakin oldudgu goérual mastdar. EI de
dayani ml | (Gorsel 7) beton sinifinda pomza
Akyiuncid (2019), cali1 smasi nda pomzaméaagimegas.|

agrrl ik de4e00 ekd/nm3n HrOdDs1 nda degi stigini ve
agtrrlirgrnin 2180 kg/ m3 oldugunu ifade et mi st
orta dayanimli ve tasi yil @iorhd fmefk tleatiaon [s18 1. f

52



TROIA 4th INTERNATIONAL CONFERENCE ON APPLIED SCIENCES
July 17-19, 2026- CANAKKALE
ISBN NR. :978625879531-8

28 GUNLUK BHA,gr/cm®
1,40

1,35

1,35
1,33
1,31
1,30
1,27

1,25

1,22
1,20 I
1,15

KONTROL 63K1 63B1 125K2 125B2

G°rsel 4. Birim Hacim Ajérl ék Deneyi $
3. 2. Eji |l me Dayaneéme

Sertlesmis har¢ numunelerin 7 ve 28 gunl 0k ¢
Harc¢claritn 7 gunl ik egil me dayani ml ar 3,0 M
egi |l me dayani mlari1 4,0 MPa il e 4,9 dMBa na rmd saIr
ncelendi ginde; 63B1 grubunun kontrol grubun
25K2 ve 125B2 gruplarinda ise kontrol grubu
Gnl Gk egil me dayani mlar i1 3Kl i greubkuonbhemzergr
ergilerken, 63B1 grubunda arti s kaydedi |l mi s
akin degerl erde kadzamagqg z I1€rbmBi2s tgirru.b uBw ad u rsem
numunelerinde 63 mikron elek Ustl bazaltmunun, dere kumuna goére daha olumlu etki
sagladi g1 ni gobstermi stir. Egi | me dayani mi 7
gostermistir. Ginduz ve Kalkan (2023) ’'da ¢a
yerl esen hafif hainq@ Zraetinmi magl kirmrdgicesiil e
etmislerdir [19].

< ntQ k- -

7 ve 28 Giinliik Ortalama Egilme Dayanimlari, MPA
49

45 45 o

40 36

05

0,0 — — — — —

KONTROL 63K1 63B1 125K2 125B2
D7 Giinliik Egilme Dayamm Ortalama N/mm?* 028 Giinliik Egilme Dayamum Ortalama N/mm?

G°rsel 5. Ejil me Dayanémé Deneyl eri S
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3.3. Basén- Dayaneémeé
7 ve 28 Giinliik Ortalama Basing Dayanimlar,MPa
18,0 11’
’ 16,0
16,0 = 153
14,0 T 12,7 135
12,0 118
12,0 108 u = 105
10,0
8,0
6,0
4,0
2,0
0,0 = — - R =
KONTROL 63K1 63B1 125K2 125B2
07 Giinliik Basing Dayammi Ortalama N/mm? 028 Giinliik Basing Dayanum Ortalama N/mm?
G°rsel 6. Basén- Dayanémé Deneyleri S
Pomza agregal. hafif harc¢larin basing dayani
7 gunl gk basing¢g dayani mi degdgerl er i 10,5 MPa
basi ng dayanim degerl eri kontrolcignduebuant 1g
gostermistir 7 gunl ok en yuksek basing¢g da:
edi |l mi stir 28 gunl Ok basi ng dayani mi dege
degi smektedir 28 gunl 0k en yuikse&olatketle n¢c da
edil mi stir 7 gunl uk harg¢larda ol dugu gibi,
degerl eri kontrol grubuna goére, 125B2 grubu
harc¢ kari1 si mlari1 na f arltkvé dere kumynurtilavasr gerselkolarakmi k r o
harcin ic¢cerisindeki bosl ukl ar d oAkydincii 'er a k d e
Cihan (2019) azabkimusuma liamaenddao |l gou et ki sinin c¢ir
yapl! sini i yv$H @ésetrdchiginiartCirarak har ¢ per
et mi g[8erdir
Orta
Yalitim dayanimli Tasiyict hafif
betonlari betonlar betonlar
gg.'ﬁ:k(kg/m:) 250 500 750 1000 1250 1500 1750 2000
Dayanim (0.7-2.0 MPa) (7-14 MPa) (17-41 MPa)
aralig
VermikQlit Ponza Sinterlenmis ugucu Kal
[ ] [ |
Perlit Volkanik curuf
Agrega tipi
Genigletilmis kil veya sist
Genigletiimis curuf
Gaz ve képuk betonlar
OlgerhaﬂfI . :
betonlar Kumsuz beton(hafif beton) g:g:uz
) A
(Normal
beton)
G°rsel 7. Hafi f Betonlarén Séneéfl andei
Gorsel 7' de glo4d UMRIAl gair diziemrcca 7o0r 4d dMPywarmrrmalsn n
i se tasiyl cl hafif betonlar siniflandiri |l mis
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dere kumu dol gu mal zemel er i irlres 1anmleatritlneinn p208r
basing dayani mi degerl erine bakil dirgirnda he
sitnitfinda hafif harc¢lar Gretil mistir.

4. GENEL DEJERLENDKRME VE SONUCLAR
T Pomza agredas35 igl/l e mi, adteajleirgienrdan eBHAahi p

dgretilebi Il mistir.

T 28 gunl ik egil me dayani mi dederl erinde, p
kumwn, dere kumuna gore, daha ol umlu sont
T Mi kroni zkunbuaez atl &€r e K umu il avesi il e bas
saglanmi stir.

1T BazRubtwe dere kumu il ave edildiginde de b

hafif harclar el de edil mistir.

1T Basing dayanimi ve birim haci maadaylank mde
ve tasiyl cl hafif beton sinifinda hafif h
T Bazal't ve dere Kumu esasl i mi kronize do
gelisimine katki saglanmis ve hafif harc
harcladi eindgt i r.
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NaOH KLE ALKALK YI KAMA ¥N MUAMELESKNKN MALEk
K¥M] RLERKNKN FLOTASYON DAVRANI kI NA ETK

Ksmai | Ekrem K| T KC|
Canakkale Onsekiz Mart Universitesi, ekrem171992@gmail-cad09-0006 98374757
Prof. Dr. Mustafa CINAR
Canakkale Onsekiz Mart Universitesi, mcinar@comu.ed0®000001-9553423X

OZET

Dis 0k komir |l esme der efclecstiansey onnd lai pz eln@mind |
baslica sinirlayilci etkenlerden biri, kodmur
fonksiyonel gruplar nedeniyle gelisen hidrof
derecelerini temsil eden iki kbmurgds t k koémir | esme derecesine s
dogal flotasyon verimi yiuksek Sibirya komiur
yl kama 6én muamel esinin, gaz yagil kol l ekt or d
et ki si i ncalneen mirs tfiar. k INunNaOH mol ariteleringd
sonrasinda 500, 1000, 2000, 3000 wve 4000 g/t
tutul mustur. Sonuc¢l ar, al kal i yl kama vyanit
bicimde ba@ | 1 ol dugunu ve i ki komur de z1t yonde

komurinde 0, 8 M NaOH kosulunda 4000 g/t d «
%13, 13"ten %35, 94" e yukselirken, dogal hidro

verimi %100 dz eyi nden %56, 74" e dusiurmiastar. TUvena
hidrofiliklik indeksi ve su daml asi t emas
Mal kara’ nin tiuvenan yuzeyinde su daml asi ner
3 ve bu koémir en yiuksek hidrofiliklik indeksi
acl s yaklasi k 110°’ye ulasmis ve komar i sl
tuvenan halde yaklasi k 127° temasi salcensiinnaarvde
ac. yaklasi k 110°"ye gerilemistir. Bul gul ar
uzaklastiri |l mas:] yoluyla wuygun diagsuk komdar |
iyilestirebildigini; buna okmalrrslienr de o gyallz elyi dkr
olumsuz yodénde degistirebildigini ortaya koym

Anahtar Keli mel er: Km¢r flotasyonu; i ny
yé¢zey hidrofili kliji; k°m¢grl ekme derecesi ; F

1. GKRKK

Komiur flotasyonu, inceboy ut | u Kkomuarl erin k Gl yapl c
ayril masinda yaygin olarak wuygulanan bir zen
yizeyinin hidrofobikIligi, kollektoér adsorpsi

kuvvetintaeadafrheamektedir (Somasundaran ve
derecesine sahip ve oksitlenmis komuiurl erde |
cunku linyit ve kahverengi komdir yuzeyleri yiksek oranda oksijenli fonksiyonel grup ve hiimik
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maddei cer ebi | mektedir. Karboksil, fenol i k hidi
guclu etkilesim kurarak yuzeyin hidrofiliKk
kol l ektorl erin yuzeye adsor psiyonumiur |gelscnee st
dereceli/oksitlenmis kotmiurlerde yilzey O0n mua
yoneli k o6neml. bir arastirma al ani ol dugun:i
komiurl erde yluzey 6n muamel esi Gbadakaki gakhi kKt
islem de kullani | mistir. Cinar (2009), bu ¢eé
uygul anan 1 s | i sl emin oksijenli fonksiyone
flotasyon verimini belanagizi i ei pmodstearmi sdi @
Humi k maddel er , dusiuk komurl esme derecel
bilesenlerindendir. Al kal i ortamda ¢O0zunebil
l'inyitlerin hem kimyasal dleiglelré mindigci masginan
niteli ktedir. BS 1SO 5073 (2013) standardi n
tayini alkali ekstraksiyon esasina dayandir.
o6ncesi al kali yi1 kwrmamaalg utl eameals 10 li g tnu rdrea Kkt a d |
cozel ti fazina al abil mekt e; izl eyen su yI1 ke
bilesenlerin bir boéldminidn uvuzaklastiri | masin
Humik maddelerin kémur flotasyonu tzerindeki umsuz et ki | er i Once
ayrintil1 bigimde ele ali nmistir. Firth ve N
0zelli kle kil yluzeyleriyle etkileserek kolle
baski | ayabmilgdtiigri.niLadbskKowski vd. (1986), hiumi
yag.! daml ac1 k1l ar 1 Uzerinde daha negatif zeta
temas acil sini dosidrerek yuzeyi hidrofilikle
madee | erin yeni ac¢ci1 ga ¢1 kan komidr yidzeylerine
azal tti g1 ni ve buna bagl olarak flotasyon |
Apl an (1986) ise hiumik asit v akomirfotagyonanuk i | s
baskilayabildigini rapor etmistir. Bu c¢cali1sm
aclsindan kritik oldugunu goéstermektedir. B u
l'inyitlerde al kal.i y n kirab@amuanurg diderimesinineflotasyon bi | e
davrani sina etkisi l'iteratiuarde sinirl sayl
degerl endirmeler bulunmamaktadir. Ul us al | i s
et ki si (Akgiumu,amed 3) ,e 1ydiizlebdnd iml i gin 1Tyilest
optimizasyonu (Cevi k, 2022) eksenlerinde yo
fl otasyon davranisi arasinda dogrudan il i ski
Bu cal i smani nl amadik,al NaQH k &a ma on mu ame |
0zelliklerine sahip iki komiaron fl otasyon ds
l'inyi ti diasiuk komirl esme derecesini ve yuks
dogal f 1 ot a sek everhidrefabik kanakteri giglik bir komurd temsil etmektedir.
Cal i1 sma uc¢ temel arastirma sorusuna odakl ani
verimine sahip linyitlerde veri mi artirmakt :
bagli olgmaektdemi dir; dogal hidrofobikIligi vy
verebil mekte midir? Bu kapsamda Mal kara ve ¢S
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flotasyon verimler.i kar si1 | ast 1-yurely mdroflid vi e i g 6 z |
Il i skisi ¢cercgcevesinde tartisi |l mistir.

Bu yoénuyle c¢al i1 sma, |l iteratiurde daha yay
di saritr dan humi k madde il avesi yakl asi mi ndan
bul unan hami k bil esesimemi ngi a@alekal megi kiama f i ¢
Gzerindeki et ki sini karsil astirmal. ol ar ak
komirl esme derecesi, yuzey kimyasi ve fl otas
acidan yoruml ammasadarkat ki sagl a

2. MATERYAL VE YONTEM

2.1. Komir Numuneleri

Cali1 smada Mal kara ve Sibirya komur numun
Tarkiye’  deki diasiuk komurl esme derecel] Komuar
dogal fl otasyonarvserliangit 1y imas eakmawa yk a seci | mi
derecel i bir kdmar ol arak deger !l endil®0) | mi st
kademel i olarak kirit |l mis, bilyali1t/ cubukl u |
ogutual muos welp&ksltaemsmazl ekl eriyle el enerek f
212 pm tane boyutu arali girna hazirl anmi stir.
kapal kapl arda muhafaza edil mistir.

2.2. Alkali Yékama ¥n Muamel esi

Al kal i y 1 k a nkad ndier n enyul neur ni enl deer i bel irli mol a
cozeltileri il e muamele edil @i 8t iMrardémgMaldlk
kosullari1 degdgerlendirilmistir. Deneyde her d
1 L haci mda Na®©OHrkcazeltisi i cinde muamel e ec¢
g/ L) ; siUspansiyon elektromanyeti k kari1 stiric
Muamel e sonrasinda kat.| faz sutuziul mis ve ¢O0zi
uzaklastiri |l mas:i amaciyla su ile tekrarl: b
tekrarl i1 yirkamanin ardindan sidspansiyon (pul
numunel eri daha sonra fl otasyon deneyl erinde

2.3. Flotasyon Deneyleri

Flotasyon deneyleri, 1 L hacimli Denver tipi laboratuvar flotasyon makinesinde (Unal

Mihendi sl ik vV e Makina Sanayi, I zmir) gerce
kopurtiociu ol arak ise MIBC kullnam [7@0sd/ d. kidu
hizinda 3 dakika kosullandriri | mi s, ardi ndan
Képurtidciad olarak 64 pL MIBC il ave edil diktert

drin 1 dakika slUreyle Hdepbammyaffir kadegmel der
500, 1000, 2000, 3000 ve 4000 g/t dozajlar.

belirl enmistir. FIl otasyon sonunda yuzen 0Urdan
terazide (Radwag PS 510.R1)tait m1 st 1 r . Kimal atif ydzen 0Or Un
basl angi ¢ komir kdtl esine orani ol arak yuzd
kitl e esasl verim degerlendiril mis; yuzen
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aylrmail s8§gcicincel enmemi stir. Dol ayirsiyl a b
flotlanabilirligini yansitmakt a, aran kalite

2. 4. Temas A-ésé ¥I| -¢mg

KOomur numunel erinin yuzey sl anabilirl
degerl endirri INUmMmunel er soguk pres il e tabl e
Oncesinde birlestirilerek kat bir yluzey (
Dataphysics OCA15EC temas acil si 6l cim ci hazi

r ¢ eikllmisg;i rdamla si1 vi s olarak 5 pupuL wwltra ¢
pl ace denkl emine goére hesaplanmis; her kos
I ve sag kenarindan okunan ac¢i |l ariyn kamtma Ise
munel erin temas ac¢i1l ar. karsilastirilarak
Ki si dedgerlendirilmistir. Birlestirilerek
razl g ve gobzenekl i ol gwgumean (alppar edi ) e
teligindedir; bu nedenl e mut | ak bayudakl 0Kkl
munel er arasinda goreld] karsilastirma amac

N 3 3T ®> 0 raQ
O ¢ . ~c oo o

FTIR Analizi

KO6mur numunel erinin yu2eydefgorsk an yFoonuerli egr
ki1 zi1 |l 6t esii (FTI R) spektroskopisiyle i ncel e
numunel erin spektrumlar. Thermo Scientific
ATR (zayrflati I mis top#omly admd igmnaa )s adyil zse n ead iay
spektral cOozunurl kte ve 64 tarama or-Hal amas
gerime (36083200 cm 1), karboks165&/ kkanr Bonile G40
deformasyon (R4, yaklasi k 1418 gmciygbdrahitk adeger | e
Kémiurl er arasinda yuzey hidrofilik/ hidrofobi
(T) deger Heorgi(nMTdelM O0A Hhagintirsiryla elde edil er
bagi | hidkef i HCRIHFk2IQH)JRH) bi ¢i mi nde hesapl a
ve Seyhan, 1995; Cinar, 2009) . Bu tani mda |
(hidrofilik) gruplari n bant siddetini; payd
iskeletn i temsi | et mektedir; dolayisiyla Hi* de
kiculdiuokce hidrofobik karakt er rCO@Haw kOHNn I a s ma
bantl ar yuzeyin polar/ hidrofiH(RMK) bbadrdieni s
apolar/hidrofobik hidrokarbon iskeletini temsil ede®H terimi, Celik ve Seyhan (1995) ile
Cirnar (2009)"'"da i1zl enen bic¢cimde i ki kat agir

2.6. Ver.i Dejerl endir me

Her Kkomur ic¢in tdvenan numunenimn ¥l a&abamayo
sonrasinda elde edilen egrilerle karsilastir
dozajindaki verim, egrinin tim dozaj arali1gi
di kkate al i nmistir. Al kuatkisi tikenasp numunaye goseverim st i r
or ani ve mutl ak verim degi si mi birlikte deg:
yl kama sonr as.| pulp pH degerl eri kayitt altir
karsi |1k fl ot aspyuonn phHi'cir eaynde&i | puénmemi sti
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ortamindaki Iyoni K kosul |l ar a i skin acil Kk
dayanmaktadir.

3. BULGULAR
3.1. Malkara Koimuru

Mal kara komuarida touvenan halde duseél k). bir f

TUvenan numunede 4000 g/t gaz yag.! dozaji1r
mol aritesiyle kademeli ve tekdiuze bic¢cimde ar
%30, 8) ve 0,8 M kosulunda %35,94'" e sal asmis
Il yil esmeye karsi |l i1 k gel mektedir. Bu bulgu, M
gideril mesinin flotasyon yanitini Il yilestird
didzeyinin sinirl kal masi ,ilegmeni nsifdmafislyio
butidnioyle yansimadi girni; tane o6zellikleri V €

didsundur mektedir.

Malkara kémura
70

—@— Tlvenan ~&— 0,4 M NaOH
—#- 0,1 MNaOH —%— 0,6 M NaOH

—#— 0,2 MNaOH —#— 0,8 M NaOH
60 1

50 A

40 4

30 A

Kimulatif ytzen Grin verimi (%)

a ‘// I i
0 T T T T T
500 1000 2000 3000 4000
Gaz yadi dozajl (g/t)
G°rsel 1. Mal kara k°m¢gr¢nde NaOH il e al kal i y € k a
drdn verimi.

3.2. Sibirya Kémiiri

Sibirya komurd tuvenan halde ¢cok yuksek f

yaglr dozajindan itibaren %100 verime ul asmi g
ylzen UGriune gec¢ctigini, tdlod aggsasslyll abisrd za kiornmas
gostermektedir. Al kal i yi kama bu numunede i
daosidr muostuor . 0, 4 -BOKM®sal un aa/alle gbgai nndd ah @%5 6b a s t
seyretmis ve ancalk 40@@adpitt mMigzajrda 4%D®0'g/ t '
yalni zca 0, 8 M kosulunda gozl enmi s, bu k o

hidrofobikligi yuksek ol an bu koémirde hidrof
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mekani zmal arka$ unloarrtdammda ayluzeyde pol ar f onk
¢cOzUdnmis himi k tdrlerin yeniden adsorpl anma
etkinliginin azal mas.]|

Sibirya kémur

100 A » g

80

E i
gm-
5
Q

20 1

== Tlvenan

= 0,1 M NaOH

—&— 0,4 M NaOH

—$— 0,8 M NaOH

° 560 lDIDO 20l00 3060 40|00

Gaz yagdi dozaji (g/t)

G°rsel 2. Sibirya k°m¢gregnde NaOH il e latifFizen iy é ke
ardn verimi.
3. 3. Karkél aktéermal & Dejerl endir me

| ki komurin 4000 g/t gaz yaglr dozaji ndaki
temsil eden secilmis kosullar Cizelge 1’ de Kk
flotasyon ver mi n i kayda deger olcude artirirken, S
kaybina neden ol mustur. Bu =zt davrani s, al
evrensel bir o6n muamele olarak degerl endiri/l
madde dagil 1 m , ylizey organi k bil esi mi ve al
al it nmasi gerektigini gostermektedir.
¢izelge 1. 4000 g/t gaz yajé dozajénda tg¢gvenan
kokul |l ardaki ifnliont aksayrokné lvaekrti énrlélrma s é .

Tivenan . Alkali verim . .

Numune verim (%) Al kal i (%) Veri m c Etki
Malkara 13,13 0,8M 35,94 2,74x% Olumlu
Sibirya 100,00 0,8 M 56,74 0,57x Olumsuz

Muamel e ve yl1l kama asamal ar i1 nda airzalsa medm kp
ayr 1 mi destekl emektedir (Cizel ge 2). Mal kar
degerl eri, ayni derisimlerdeki taze NaOH c¢o6z
altirndadir (6rnegin 0,8,MM;i0ifa M2j¢bhe9okapPsa
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13, 0) ; aradaki far k, OH iyonl arinin Kk O muiur
noétralizasyonu ve humik maddelerin ¢6ziunmes
Tekrarl su yl kamaai puhpapti ndadanomNsd®lolksardadl 'adgd
gerileyerek notre yaklasmi s, kalirnti1 al kal in
Buna karsil i1k Sibirya'da ayni ylI karmal2zpr ot ol
aralirgrnda kelrmisg mvegl dla@idksdel mi stir; ayni d
7,37'"ye inmesine karsili1 k Sibirya'"nin 10, 2"
kil maktadir; verim kaybinin en belirgin ol du
ile cakdiskikat c¢cekicidir. Islem goérmemis Sibi
6,756, 90 arali1girnda (ndétre yakin) o6lciul mesi,
durumundan degil, muamel eden kalan alrkal init
¢izel ge 2. Al kal i muamel e ve yékama akamal ar éno
ekl enmemi k taze NaOH -°zel tid®i hie heésaprahaen ek
al enmamexkt ér . Kkl em g°rmemhei vobi-pHaeénameabesend
Sibirya karkél aktérma numunesi ol dujundan pH izl

Malkara o -

: Z ~ Malkara o Sibirya &

Na OH der Teorik pH kareKt(_eryékama syekama s

sonr aseé
0,1 M ~13,0 9,09 7,37 10,2
0,2M ~13,3 9,95 9,50 —
0,4 M ~13,6 11,68 8,77 10,4
0,6 M ~13,8 12,40 9,20 —
0,8 M ~13,9 12,45 9,27 11,12

3. 4. FTI R Bul gul ar é

Tuvenan ve 0,8 M NaOH il e yI kan+sgsima umune
titr e@003120r0i cm *) ile karboksilik/ kd65® oni |
cm ') ait sogurma siddetl eri i nc e-Hgenlmdasist i r .

(3288, 09 ¢cm t) gecirgenligi %96, 81, RmaO geci
komur dnde ayni bandHl aB2®5¢g8¢0i cgneda |l I/ kK1%8M0i, 27 Q

%86, 79) belirgin bic¢cimde daha diusidktaar; gec¢
sogurma siddetinin yuksek ol dugunu goésterir.

Bu bantlardan, Celk v ey han (1995) il e Cinar (2009)
hidrofiliklik indeksi (Hi *) hesaplanmistir.
ar as.| karsilastirmaya uygun bagi-Munkitemeli6| ¢ Ut t
mutlak e ger | eriyle dogrudan -Hk i1byaansdian@yak | a sAirko m
l'inyitlerde i hmal edilebilir diuzeyde ol dugur
gi bi, tidvenan fl otasyon ver i mi dasiuk ol an N
tivenan verimi yluksek ol an Sibirya komiard i se

63



TROIA 4th INTERNATIONAL CONFERENCE ON APPLIED SCIENCES
July 17-19, 2026- CANAKKALE
ISBN NR. :978625879531-8

¢i zelge 3. Malkara ve Sibirya k°Pm¢grlerinin te¢gven
baj el sojurma dejerl eri v e h e sflatgsyoa veamieri 4080 g& | hid
gaz yajé dozajéna aittir.

Komiir A(-OH) CégH) AR-H) | HK* | Verim (%)

Sibirya 0,0141 0,0384 0,0384 1,73 100,00

S'b',:léao(gf'\" 0,0369 | 00632 | 00640 | 2,14 56,74

Malkara 0,0493 0,0615 0,0537 2,98 13,13

Malkara@8M | g 0465 | 00497 | 00524 | 2,71 35,94

NaOH)

Ayni yaklasim 0,8 M NaOH ile yirkanmi s nun
Mal kara'da indeks 2,98"den 2,71"e gerilerken
icin tek spektrumde ger |l endiril di gi nden bu kaymal ar ,
karsitlastirrilabilir buydkl dktedir; bu nedenl
acl st bulgularityla ayni yoéndeki bir spektral
numunel er e ait spektruml ar 1 n karsil astirmas
Malkara spektrumunda-®d ger i | me ve karboksil/ karboni |l C
zayl fl arken, Sibirya spektrumunda ayni boél ge
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(a) Malkara
105 4
O-H alifatik C-H C=0/CO0OH C-0/5i-0
100 4
951
£
= 90
=
]
2
o 851
L
]
80 4
754 T Tiivenan
—— 0,8 M NaOH
(b) Sibirya
O-H alifatik C-H C=0/CO0OH C-0/5i-0
105
100 4
S
95
b
g
2 %01
O
S
85 -
80 A
— Tiivenan
—— 0.8 M NaOH
75 ] T T T T T T
4000 3500 3000 2500 2000 1500 1000
Dalga sayisi (cm™ 1)
Gorsel3 . Mal kara ve Sibirya k°m¢grlerinin tégvenan ve

spektruml ar énéniHgailmx @I0BROO®r almmdgée .veO karboksil/k
1650 cm T) b°lgelerindeki baf ki k?ohgedeldie] z&f mly
yansét maktadér: Mal kara'da hidrofilik bant «kidde
gruplarén bajél payé artmaktadér (HK* 1,73Y2,14)

3.5. Temas A-ésé Bulgul are

Su daml as| t emaskdoangiir die &l ¢ U nyldenrl it idkeigi s i n
Mal kara komiurdnin tivenan yuluzeyinde su daml a
yaklasi k 3,1° diuzeyinde kalmis; 0,8 M NaOH i
ylksel mi stir.e Sidvertylavamanmuryimndeyde yakl asi k
yr kama sonrasinda yaklasi k 110, 3°"ye geriler
belirgin bicimde hidrofobiklestirirken Sibir

4 TARTI k MA

Elde edilen sonucgl ar, al kal i yrkama o6n m
yuzey hidrofilikIligi i skisi tzerinden ac¢i |
dereceli komurlerde hiimik asit ve oksijenli fonksiyonel gruplar, suilediic et ki | esi m Kk

65



TROIA 4th INTERNATIONAL CONFERENCE ON APPLIED SCIENCES
July 17-19, 2026- CANAKKALE
ISBN NR. :978625879531-8

gaz yag.l adsorpsiyonunu vV e hava kabarci gi
degerl endir me, huomi k asidin yuzeye adsorpl:
potansiyelini daha negatif hal @8&@)etbuldgagl ar
uyuml udur . NaOH muamel esi sitrasinda humi k a
yl kama yoluyla ki smen uzaklastiri |l masi, hem
azal masina hem de pul p f-kalzarnaiak klod dle&kn ma s 1tninl
hdagmi k tdorl erin ortamdan wuzaklastiri |l masina |

verim arti1 sl bu mekanizmal arla iliskilendir:i
Onerilen Mekanizma: Alkali On Islemin Kémiir Flotasyonuna Etkisi
OTuvenan Yiizey e NaOH ile e Yikama Sonrasi o Gaz Yagi e Kabarcik-Tane Baglanmasi
(Hidrofilik) Alkali Yikama Modifiye Yiizey Adsorpsiyonu ve Flotasyon
~CO0HL o —OH u
P = _/— . Hava
< S b Kabarcigi
o "
- -y ¢ ~. - =
x N
=07 S =cood .
Hiimik maddeler ve oksijenli Hiimik asit ¢oziiniir Polar gruplar azalir, Gaz yag hidrofobik Hidrofobik yiizey hava
gruplar kollektsr tutunmasini (~COOH -> -CO0") ve hidrofobik bélgeler bélgelere adsorplanir, kabarcigina giiglii baglanir,
sinirlar. yikama ile uzaklagir. agiga gikar. ylizey hidrofobiklesir. flotasyon verimi artar.

Etki Kémiirlesme Derecesine ve Yiizey Yapisina Baghdir

P
Malkara Linyiti — Diisiik Kdmiirlesme Dereceli (Yararh Etki) Sibirya Kémiirii — Yiiksek Kémiirlesme Dereceli (Zararli Etki)

Hidrofilik Hidrofobik Dogal hidrofobik Hidrofilik
tiivenan yiizey ylizey ylizey ylizey

COOH > % NACH .
P — Q -;
o \ < oY
c=0 U~ ~COOH
............... 7L NRS RIS OMSI = -~ N RNPRUR NP SUNE SSSRRSRECTRUNL < SRTEOIENON 5 S S S SRS SR S SR R S PR S U S SRS S S AP SRS RS
Hiimik asit Polargruplar Hndrofobxkhkve Dogal hidrofobik OH- ve polar Verlm
uzaklagir azalir verim artar yiizey tiir etkisi duger
( verim: %13,13 -> %35,94 (0,8 MNaoH) | ( verim: %100-> %5674 |
AN J

Alkali yikama, uygun diisiik kémiirlesme dereceli komirlerde flotasyonu artinir; dogal hidrofobikligi yiiksek kémiirlerde
ise ylizey kimyasini bozarak verimi duisuriir.

G°rsel 4. NaOH ile alkali yékbmeRheEhili hkhgltektdta

kabatrazmeé& bajl anmasé ¢zerindeki ©°nerilen etki me k
yapéséna bajlée dejikimi. kemadaki Sibirya kolund
sonr aszZeayian y&sl anabi l irlifji artmakla birlikte te

hidrofobik karakterini stirdirmektedir (bkz. B6lim 3.5 ve 4).

FTI'R bulgulari1i bu mekanizmayl a -tlyelCa® udur
bantl ari ni mabeiddeit hesogpol ar grup yogunl ugu
zayl f sogurmal ar ise polar gruplarin ol dukc¢a
0rnek arasindaki karsitli k, yluzeydekindmkliar
ters iliskiyi ortaya koymaktadi r: en yuksek
verimi (%13,13), en disuk HIi* degerine sahi
vermi stir. Bu karsitl ik, hidrlafsikliilkl iok diurgdienku
Cirnar (2009) ile uyumludur. Al kali yi1rkamanin
uzaklastirrip ilgili pik siddetlerini azalt ma
kollektor tuketen etkisini hafifletme&t v e Mal kara komiuridnde g6zl
iliskilendiril mektedir. Ay ni Mal kara | inyit:
isleminin de yuzey hidrofilikligini azaltti g
indeksini 105€C' de dort saatli k i slem sonrasinda 17
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(Cirnar, 2009) ; bu sonucg, pol ar fonksiyonel
artirrdi gr yonundeki degerl endirmeyi bagi msi z
Malkara kbmiurtde t emas ac¢i1 sinin 3,1°"den 109, 8°
komur yuzeyindeki hidrofilik humik bil esenl e
getirdigini ve go6zlenen flotasyon veri mi art
yizeyn bu denl i kol ay 1 slanmasi, numunenin yuak

tdvenan fl otasyon verimiyle Ortidsmektedir.
hi drofoblasmasina ragmen verimin %35, 94 diuiuz

grupla , mi ner al madde ve heterojen organik ya
fraksiyonun kismen wuzaklastiri I masinin flot
gostermektedir. Tane boyutu dagi |l 1 masyowme min
yanittinit ayrica sitnirlandirrmaktadir (Crawfor

Sibirya komidridande al kal.i yl kamani n veri mi
etmektedir. Tuvenan halde yuksek flotasyon v
kbmirlere al kal i muamel eye gereksinim bulunmayahb
veya cOzUunmis organi k/ pol ar tuarl erin y Uuze)
zayir fl atabilir. Firth ve Nicol (1981), Lask
Aplan" 1 n  (1986) huomi k maddel erin flotasyon or
iliskin bulgular: bu gdézlemle niteliksel ol
ni cel ol arak desteklemektedir: hami klgie zeng
tamponl ayar ak t ket mekt e ved,pviok aanraal 3 @gn mas ||
tamponl ay1 ci grupl ar st nir | ol an Sibirya'd

sonrasi-1,H121)0.,, 2Bu bul gu, Si bi r wlmitenavk alkaliv e r i m
ortamda yuzeyde kalan polar tdarlerin payl ni

iyilesmenin kalinti1 al kal. kaynakl 1 bir yapa

Temas ac¢i st bulgul ari1 (B&ol urnBibByaWizeyitder de g e
0l cul en yaklast k 17°"l ik azal ma, alkali orta
gostermektedir. Bununla birlikte 110, 3° t eme
hidrofobik ol dugundbas 1 ma | Wearkii mdeuk ia z43 npau a& relk
yet memekt edi r . —tNintee ki unt uknarbaasricnii kn termodi nam
kabarci1 gin yuzeye tutunmasiyla elde edilen s
orantil 1 ol diugtuerhkaudciedi )l.irBy 661 cekte 127, 0°
1,60"tan 1,35'"e (yaklasi k %16) dosidr mektedi
konusu hesap, birlestirilerek hazirlanmis vy
(Bolum 24 ) mutl ak degil gor el bir karsilastirm
oynadi g1 didsinitl mektedir: ylzeyde tutunan |
histerezisi (duragan damla 61 ¢umu, i leer |l eye
dinami k fl otasyon ortamindaki ger cek I sl ann
yapl st ndaki degisimler. Onerilen mekani zmani
ve kitl e kaybi Ol cuml er i gerekmektedir.

Hi* ile flotasyon wémilmi iadrnaxkindadkisel 5"t
okl ar, her komar tn tdvenan dur umdan 0, 8 M
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gostermektedir; iki koéomiar Hi* ekseninde =zt
Dort gozlem (iki komuar x tivenap/t Kk anmi s i ki durum) Uzerinden
arasindaki sitra iliskisinin gucuniu Ol cen Spe
yonl 0 ol dudgunu godéstermektedir (p = -1,00). A
dizeyindekaimst 1 r; bu, doért gdézlemle i ki yoénl O sir
Dol ayi1 siyl a anlaml i1 1 k esi ginin asi | amamas
bagyukl 0gunidn dogal sitnirindan kaynakl anmakt a
bir kanit olarak degil, egilim diazeyinde bir
bagi msi z—FDhRememel | i bag: | hidrofili klik i
dozajdaki flotasyon verimi— i K i komur U vV e mu a me | ecimden et ki
sitralamaktadir. Eksenin hidrofilik ucunda tu
%13,1), hidrofobik ucunda tiivenan Sibirya (1,73; 127,0°; %100) yer almakta; 0,8 M NaOH
yl kamas.| i ki komuru bu eksen tGzer iUcgdef azriktl 1y
il kesinin birbirini dogrul amasi , 6rnekl emin
yogunlugu ile flotlanabilirlik arasindaki t e
bir yakl asi min giuci b a fekiedrters gazukrogatdgrafisiylea d a
tudretil en bir hidrofili kIl ik i ndeksi, bes f a
gostermistir (Niu vd., 2018) .

100 - ) Sibirya (tiivenan) n=4 (kesinsiﬁfilg?irilgf= O,éé(;(;

80

60 0]

Sibirya (0,8 M NaOH)
Malkara (0,8 M NaOH)

Flotasyon verimi (%), 4000 g/t gaz yagi

40 1
20 1
@ Tiivenan
0 0,8 M NaOH ile yikanmig Malkara (tiivenan)
Ol T T T T T T T T
1,6 1,8 2,0 2,2 2,4 2,6 2,8 3,0 3,2
Bagil hidrofiliklik indeksi, Hi* [(-COOH + 2-—~OH) / R-H]
G°rsel 5. Hi drofiliklik indeksi ( HK *e) tivenargicif | ot as
bok simgel er 0,8 M NaOH ile yékanmék numunel er
(Spearman } = 11,00; kesin iki y°nlg¢ p = 0,083,
Nitekim bu c¢alismanin kendi veril eri de
sonr askiinka miuragn temas acilari1t birbirine ¢cok
fl otasyon verimler. belirgin bic¢gcimde farkl:

temas acisinin verimi tek basi na Ibehleitrelreoneednil
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il e kddmamrectltunma kinetiginin birlikte kontr
Ral ston (1988), bel ir i boyuttaki bir taneni
kriti k temas aci si oy@azak!l e¢mainmn mlLBAOMI sdolray iymd&
esi gin belirgin bicimde Uzerinde kaldi g1t ndan
edememekt e; verim, aclnin mut | ak degeri nde
yogunluguna ve dbhgir gemmekt ddiyarl|l Achl ari n ber
NaOH sartlandirmasinin her iKki Kkomuiur dn en di
getirmesinin sonucudur; verim farkinin neden
yap! sallewaied | i Bu uyumsuzluk, statik temas ag¢
ol mas , flotasyanen ¢chaspl kmdbar,ci kutunma (ar a
yrrtil masi ; I ndidksiyon suresi), tanenan kab:
tasinim adirmlaritnin ortak sonucu ol masiyl a i
gerceklesir ve nihai kazani m, bu ol asi |1 kl a
Crawford ve Ralston, 1988; Albijanic vd., 2010). G6zenegyas 1 n1 n reakti fl er
mi neral maddenin organi k matriste kilitli ka
uzatmasi1i gibi yapisal etkenler bu farkl i1l asm

Bu bulgular, himik maddelerin flotasyon tzerindeki ki si ni n tek yodonl
gostermektedir. HUmMi k maddel er bir yandan ka
hidrofilik karakter kazandi r-leal&r ckiokl | &g loan
sitnirlandirrabilirmi DPegat yéamdghekiyl geet hcke
yluzeyi yerine bu fazlarda tuketil mesine yol
Mal kara il e olumsuz yanit verdigi Sibirya o0
evrensel biroptimend an zi yade koémiur tipine bagli1i bir oy
daha uygundur.

Bul gul ar , reaktifsiz tuzlu su flotasyonu
Zongul dak taskoOmir dniun NacCl , KCI , CacCl ; Vv
yizddr ol ebil di gini, Soma |linyitinin ise high
hidrofobikligin fiziksel ya da kimyasal yoll
ci ft tabakanin bastiri | masi nmesing elayakaa bba r c 1 k
fizikokimyasal yol, yalnizca mevcut dogal hi
dogal hidrofobi kligi yuksek Sibirya koémur dnd
buna karsil i1 k Mal kar a kodaigiustiinr eam calkk aylliz ey
iyil esme gbéstermesi, ayni komiurl esme derece:
Ayrica Ozdemir vd.'nin (2013) vyiuksek tuz kot
verim artisininegeqiceinldi ktid mebmedii mgilezrz ekt i gir

Bu c¢calirsma, alkali yir kamanin koémidr fl otas
degerl endiril mesi gerekti gini ortaya koymak:
baslangi ¢ hidrodebi éiriggi , hamk &l imadr t amdaki
verimliliggi birlikte dikkate alit nmal i1 di1r. Ge
tane boyutu dagi | 1 mi Ol cumleriyle Oneril en
gerekmektedir.

5. SONUCLAR
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NaOH il e al kal: y1 kama, diosiuk komiurl esme
grdn verimini Oneml i 0l cude artirrmistir,; 4¢(
kosulunda %13, 13" ten %35,94' e yuksel mistir.

Sibirya komurulinreche nt idwegrmdn hnuwmof obi k1l i gi

yl kama iyilestirici et ki goster memi s ; 0, 8
%56, 74" e gerilemistir. Statik temas aci si1 f
birlikte belirleyici olan, y ap 1 s al 60zell ikl eri-hanseekyapesno:
Kinetigidir.

Bul gul ar, hiomi k maddel erin flotasyonda he
dagit |l 1 mini degdgistirebilen ¢ift yonl o bir r
basilangiuzey kimyasina bagli1 olarak degisti g
l ncel enen i ki kdmuor , FTI R temell. bag: | h
baki mindan zit ucl arda yer al mi stir; yukse
Sibirya eny 0 k s e k t dUvenan ver i mi vermi stir. Bu
yogunl ugunun dogal flotlanabilirligi beli
degerl endirmesini destekl emektedir. Ay ni i
Mal kar a’ da 2,98l kgn p 2 Sibieyageda 1,73 ten
muamel enin i ki komiarde yaratti gt zi1t yonl d
Temas ac¢il s 0l cumleri, yuzey 1 slanabilirl:i
ol dugunu go6ster mrginidm: tMalehama ykKi@myi nde ne
gobzlenirken (yaklasi k 3,1°), al kal i y 1 kam:

yuokselmis ve bu arti s flotasyon verimindel
komuiuridnde ise tuvenam"°°y bdeyndd eynmeaksl aascitks 11 al
yakl asi1 k 110, 3°" ye gerilemistir; bu ger i
yansitmakta ve go6zlenen verim kaybryla nit
belirgin bic¢i mden hd udsriosfionb itka nkaanhidniig itnedka b a s |

Sonugl ar, al kal i ylr kamanin yalnizca uygun
bilesenlerin bir boéolidminin gideril mesi y ol
mol arite ve yiukamg idprnaismi gegyedkn i gi ni ortay.
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NATURAL BOTANICAL HAIR CARE OIL
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ABSTRACT

In this study, a muktomponent cosmetic hagare oil formulation composed of natural
botanical oils was developed, and its safety characterization was comprehensively evaluated.
The formulation consists of apricot kernel oil (15%), argan oil (15%), jojoba oil (15%), sweet
almond oil (15%), castorilo(10%), squalane (10%), coaaprylate (10%), sacha inchi oil

(6%), horse chestnut oil (0.5%), vitamin E (1%), rosemary essential oil (1%), and a natural
preservative system (Lexgard Natural, 1.5%). Safety assessment was carried out through three
complenentary analytical approaches: stability analysis, microbiological analysis, and
antimicrobial efficacy (challenge) testing. In the stability study, the formulation was monitored
over a 3month period at both 25°C and 40°C; parameters including color, apleearance,
density, packaging integrity, and phase separation were evaluated. All parameters remained
stable throughout the study period, no phase separation was detected, and density variations
were negligible. Microbiological analysis results demonstrahat total aerobic mesophilic
microorganism and yeastold counts were below 10 cfu/g, witaphylococcus aureus,
Pseudomonas aeruginosa, Escherichia @slgCandida albicansiot detected, confirming full
compliance with cosmetic microbiological guidelines. In the antimicrobial efficacy test
conducted in accordance with TS EN ISO 11930:2019, the formulation met Criterion A for alll
test microorganisms, includir§faphylococcuaureus, Pseudomonas aeruginosa, Escherichia

coli, Candida albicans,and Aspergillus brasiliensis These results demonstrate that the
developed planbased hair care oil formulation is both microbiologically safe and

physicochemically stable, confirming gsitability for cosmetic commercial application.

Keywords: Hair care oil, Formulation development, Stability, Antimicrobial efficacy,

Microbiological safety.
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1. INTRODUCTION

The global demand for natural and plaetived cosmetic products has growhsantially in

recent years, driven by increasing consumer awareness regarding the potential adverse effects
of synthetic chemicals and a broader societal shift toward clean beauty and sustainability. The
natural hair care products market, valued at apprately USD 4.51 billion in 2024, is
projected to reach USD 16 billion by 2030, reflecting a compound annual growth rate of 6.5%
[1]. This growth is largely attributed to rising consumer preference for botanical, dudfate
paraberree, and mineral oilree formulations that offer both efficacy and safety [2].

Hair oils represent one of the most rapidly growing segments within the natural cosmetics
industry. Consumers increasingly seek mifutictional hair care solutions that address
common concerns sh as dryness, hair loss, scalp irritation, and oxidative damage caused by
environmental pollutants, UV exposure, heat styling, and chemical treatments [2]. In response
to these demands, formulators have turned to {laséd carrier oils, bioactive extracand

essential oils as key functional ingredients in hair care formulations [3].

Among the widely studied botanical oils, apricot kernel Biufius armeniacgis recognized

for its lightweight texture, rich content of oleic and linoleic fattyds, and vitamins A and E,
which collectively provide moisturizing, emollient, and antioxidant benefits to hair and scalp
[4, 5]. Argan oil Argania spinosy often referred to as "liquid gold," is a rich source of essential
fatty acids and tocopherolsié has been demonstrated to penetrate the hair shaft, restore
damaged hair follicles, and impart shine and manageability [6, 7]. JojobSimimpndsia
chinensi} is structurally unique in that it is composed almost entirely (~98%) of wax esters,
making itstructurally similar to the natural sebum produced by the scalp; it is widely used in
cosmetics for its ability to nourish and protect the hair fiber [8]. Sweet almon&raihys
amygdalus dulcls is a weltestablished cosmetic ingredient valued for Halanced
oleic/linoleic acid profile and its ability to smooth hair cuticles and restore the hydrolipidic film
of the hair shaft [9]. Castor oiRfcinus commun)scomposed of approximately 90% ricinoleic
acid, has demonstrated antimicrobial and-arftammatory properties and is known to improve
hair luster and support scalp health [10, 11]. Squalane, a stable, hydrogenated derivative of
plantderived squalene, is widely used in cosmetic formulations as a lightweight, biomimetic
emollient that integrategito the skin and hair lipid barrier, enhancing spreadability without a
greasy residue [12]. Coamaprylate, a natural ester derived from coconut oil, provides excellent

emollient properties and a nameasy, light skin feel, making it a preferred altén@ato
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mineral oils in natural cosmetic formulations [13]. Sacha inchi BilKenetia volubilij
sourced from the Amazonian region, is exceptionally rich in om3egalinalenic acid, ~48

52%), omegdb (linoleic acid, ~2434%), and omega fatty acidsas well as vitamins A and

E, making it a potent ingredient for deep hydration, scalp nourishment, and protection against

environmental damage [14, 15].

In addition to these carrier oils, the formulation incorporates targeted bioactive functional
ingrediens. Horse chestnut oiReésculus hippocastanyroontains aescin, a triterpene saponin
mixture with recognized aninflammatory, antioxidant, and circulatidoosting properties

that promote improved blood flow to the scalp, thereby supporting nutrieneeto hair
follicles and alleviating scalp irritation [16, 17]. Rosemary essentidRosiharinus officinalis

has been extensively studied for its antioxidant, -imflammatory, and antimicrobial
properties; a landmark randomized controlled trial bpdhi et al. demonstrated that topical
rosemary essential oil was comparable in efficacy to 2% minoxidil in increasing hair count in
patients with androgenetic alopecia over asonth period [18]. Vitamin E (tocopherol) serves

as a potent lipigboluble atioxidant that protects hair follicles and keratin from oxidative
degradation, reinforces the hair shaft, and improves tactile softness and manageability [19]. The
formulation is preserved with Lexgard Natural, a naturally derived preservative system
desgned to ensure product safety and microbial stability while complying with clean beauty

standards.

Despite the growing body of literature on individual botanical oils, comprehensive multi
component hair oil formulations that combine carrier oils, activerbeal extracts, and
essential oils within a single product remain understudied, particularly with regard to their
physicochemical stability and microbiological safety. The present study aimed to develop a
multi-component natural botanical hair care oiniulation and to conduct a thorough safety
characterization encompassing stability analysis, microbiological analysis, and antimicrobial
efficacy testing in accordance with TS EN ISO 11930:2019, thereby contributing to the

scientific literature on safe dreffective natural cosmetic formulations.

2. EXPERIMENTAL RESEARCH
2.1.Formulation Development

The hair care oil formulation was developed as a sipglese, anhydrous system comprising

twelve components selected for their complemerftargtional profiles. All raw materials were
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weighed using a precision analytical balance and combined sequentially in a glass beaker. The
components and their respective concentrations are presented in Table 1. Following addition of
all ingredients, the mture was manually blended with a glass rod until a clear, homogeneous

oil was obtained. The finished product was transferred into amber glass dropper bottles and

stored at room temperature, protected from direct light exposure, prior to safety testing.

Table 1.Composition of the natural botanical hair care oil formulation

Phase | Function Component/INCI Name % (w/w)
A Carrier, Emollient| Apricot Kernel Oil /Prunus Armeniac&ernel Oil 15
A Carrier, Emollient| Argan Oil /Argania Spinoséernel Oil 15
A Carrier, Emollient| jojoba Oil /Simmondsia Chinens®eed Oil 15
A Carrier, Emollient| syeet Almond Oil Prunus Amygdalus Dulciil 15
A Carrier, Emollient| castor Oil /Ricinus CommuniSeed Oil 10
A Carrier, Emollient Squalane 10
A Emollient CocoCaprylate 10
A Carrier, Emollient sacha Inchi Oil Plukenetia VolubilisSeed Oil 6
A Active Horse Chestnut OilAesculus HippocastanuSeed Oil | 0.5
A Antioxidant Vitamin E / Tocopherol

A Fragrance, Active CR)(i?semary Essential OiRosmarinus Officinaliteaf 1
A Preservative Lexgard Natural 1.5

2.2.Physicochemical Characterization

Organoleptic properties of the formulation including color, odor, and physical appearance were
assessed visually arsgénsorially by trained observers under standardized laboratory lighting
conditions. Since the formulation is anhydrous in nature, pH measurement was not applicable.
Density was determined gravimetrically by measuring the mass of a defined volume of the
formulation at room temperature (25 + 1 °C). Phase separation was evaluated through visual
inspection of samples stored under both ambient and elevated temperature conditions
throughout the monitoring period.

2.3. Stability Analysis

The physicochemical stalty of the formulation was evaluated over a thneenth accelerated
monitoring period under two storage temperature conditions: 25°C (ambient) and 40°C
(elevated stress) [20, 21]. Samples were stored in amber glass dropper bottles, protected from
direct sunlight, and evaluated at Week 1, Month 1, Month 2, and Month 3. At each time point,

the following parameters were assessed: color, odor, physical appearance, density, packaging
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integrity, phase separation, and microbiological growth. Density was determined
gravimetrically at each evaluation interval. Color, odor, and appearance were assessed by
trained observers under standardized conditions. Phase separation was evaluated through visual
inspection of samples at both storage temperatures throughout théonmgniperiod.
Packaging integrity was examined for leakage, deformation, or any visible deterioration.
Microbiological growth was monitored at each time point by visual inspection for turbidity,
surface pellicle formation, or any visible signs of contation; samples exhibiting any such
signs were additionally subjected to total aerobic mesophilic microorganism count
determination in accordance with TS EN ISO 21149:2017.

2.4. Microbiological Analysis

Microbiological analysis was conducted in accordand whe guidelines of the Turkish
Medi cines and Medi cal Devices Agency (Ti TCK)
mesophilic microorganism count was determined according to TS EN ISO 21149:2017. The
absence of specified pathogenic microorganismstaphylococcus aureugATCC 6538),
Pseudomonas aerugino§aT CC 9027)Escherichia col{ATCC 8739), an€Candida albicans

(ATCC 10231)— as well as yeast and mold counts were investigated using the relevant TS EN
ISO reference standards [23]. It should beed that theCandida albican®ATCC 10231 strain
employed in this microbiological quality analysis is distinct from the NCPF 3179 strain utilized

in the antimicrobial efficacy (challenge) test described in Section 2.5; the respective strains
were selectedh accordance with the requirements of the applicable reference standards for
each test. The culture media and analytical methods employed for each microorganism are

summarized in Table 2.

Table 2. Microbiological analysis methods and culture media

Microorganism Method Culture Media
Staphylococcus aureus . . .
ATCC 6538 Enrichment & Streak Plating Baird Parker Agar
Pseudomonas aeruginosa . : -
ATCC 9027 Enrichment & Streak Plating Cetrimide Agar
Escherichia coli : .| MacConkey Agar + Levine Eosin
ATCC 8739 Enrichment & Streak Plating Methylene Blue Agar
Candida albicans . .| Sabouraud 4% Dextrose Agar +
ATCC 10231 Enrichment & Streak Plating Supplement
0

Yeast- Mold Pour/Spread Plate Sabouraud 4% Dextrose Agar +

Supplement
T(_)tal Aerob_lc Mesophilic Pour/Spread Plate Tryptic Soy_A_gar with Polysorbate
Microorganisms 80 and Lecithin
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2.5. Antimicrobial Efficacy Testing (Challenge Test)

The adequacy of the preservative system was evaluated through antimicrobial efficacy testing

conducted [

n accordance

wi t h

TS EN | SO

cosmetic products [22, 24]. Five standard reference microorganisms were enguotesd
strains: Staphylococcus aureufATCC 6538), Pseudomonas aeruginos®ATCC 9027),
Escherichia col(ATCC 8739),Candida albicangNCPF 3179), andspergillus brasiliensis
(NCPF 2275). The&€andida albicandNCPF 3179 strain was selected in compliandd WS
EN ISO 11930:2019 requirements, and is therefore distinct from the ATCC 10231 strain

employed in the microbiological quality analysis described in Section 2.4. Each formulation

sample was inoculated with a standardized microbial suspension ardl wstdex controlled

conditions. Viable microbial counts were determined at Days 7, 14, and 2B@ogsation,

119:¢

and logarithmic reductions relative to the initial inoculum were calculated for each strain. All

tests were performed in triplicate. The cultoredia and incubation conditions applied for each

microorganism are presented in Table 3.

Table 3. Antimicrobial analysis methods

Microorganism Method Culture Media Incubation Condition
i?ggyé%%%ccus aureus | pour plate Tryptic Soy Agar 30 -35
iﬁ%ug %%1;); as aeruginos p - plate Tryptic Soy Agar 30 -35
Eﬁ%‘g ré(;fgg coli Pour Plate | Tryptic Soy Agar 30 -35
ﬁgr;dlid;le;lg icans Pour Plate | Sabouraud 4% Dextrose Aga 30 -35
Qéppeégéllzu;g rasiliensis Pour Plate Potato Dextrose Agar 30 -35

3. RESULTS AND DISCUSSION

3.1. Physicochemical Characterization

The developed hair care oil formulation presented as a clear, yellovilofneeg liquid with a

characteristic herbal aroma attributable to the rosemary essential oil component. The initial

density of the formulation was determined as 0.910 g/mL. No phase separation was detected

upon visual inspection at the initial time point, confirming the physioanogeneity of the

singlephase anhydrous system. These organoleptic and physical characteristics are consistent

with those reported for comparable mudémponent botanical oil blends, where the absence
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of aqueous phase eliminates interfacial instgbdiid ensures a visually homogeneous product
[20, 21].
3.2. Stability Analysis Results

The physicochemical stability of the formulation was monitored over a-thoegh period at
both 25°C and 40°C. The results obtained at each evaluation time pointraresszed in
Table 4.

Table 4.Physicochemical stability results of the hair care oil formulation

Parameter 15t Week 15t Month 2" Month 3 Month
Color Yellow Yellow Yellow Yellow

Odor Characteristic | Characteristic | Characteristic | Characteristic
Appearance Fluid liquid Fluid liquid Fluid liquid Fluid liquid
Density (g/mL) 0.910 0.909 0.918 0.912
Packaging Intact Intact Intact Intact

Phase Seperation None None None None
Microbiologic None None None None

Growth

All parameters were evaluated under both storage conditions (25°C and 40°C). No differences in color,
odor, appearance, phase separation, or microbiological growth were observed between the two
temperature conditions at any time point. Density values représemean of measurements taken at
both temperatures; the maximum deviation between conditions did not exceed 0.005 g/mL at any
evaluation interval.

Throughout the entire monitoring period, no changes in color, odor, or physical appearance
were detected aither storage temperature. Density values ranged between 0.909 and 0.918
g/mL across all time points and conditions, representing negligible variation. No phase
separation was observed under any storage condition, and packaging integrity was maintained
throughout the study.

The physicochemical resilience of the formulation under elevated temperature conditions is
particularly significant, as accelerated stability testing at 40°C is widely employed in the
cosmetic industry as a predictive tool for estimgtieaitime shelflife performance [20, 21].

The observed stability may be largely attributed to the antioxidant synergy between tocopherol
(vitamin E) and rosemary essential oil, both of which are recognized for their capacity to retard
lipid peroxidation and protect unsaturated fatty acids from oxidative deterioration-basdéd
cosmetic systems [18, 19]. Furthermore, the inherently anhydrous nature of the formulation
eliminates hydrolytic degradation pathways that commonly compromise the stability of
emulsionrbased hair care products, contributing to its robust stability profile.
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3.3. Microbiological Analysis Results

The results of the microbiological quality analysis are presented in Table 5.

Table 5. Microbiological analysis results of thehair care oil formulation

Microorganism Result Limit Method Compliance
Total Aerobic TS EN ISO Compliant
Mesophilic <10 cfulg <1000 cfu/g 21149:2017
Microorganisms
TS EN ISO Compliant
Yeast and Mold <10 cfulg <1000 cfu/g 16212:2017
TS EN ISO Compliant
Staphylococcus aureus Not detected Absent 297182015
Pseudomonas TS ENISO Compliant
aeruginosa Not detected Absent 22717:2015
. . TS EN ISO Compliant
Escherichia coli Not detected Absent 21150:2015
: . TS EN ISO Compliant
Candida albicans Not detected Absent 18416:2015

Total aerobic mesophilic microorganism count and yeadtl count were both determined to

be below 10 cfu/g, well within the acceptable limit of <1000 cfu/g. None of the specified

pathogenic microorganisms Staphylococcus aurepBseudomonas aerugingdsscherichia

coli, andCandida albicans— were detected in the formulation, confirming full compliance

wi th th

These findings are consistent with the westablished principle that anhpds oitbased

e

cosmet.i

c

mi crobi ol ogi cal

safety

gui

systems inherently present an unfavorable environment for microbial proliferation due to the

absence of free water, which is an essential prerequisite for the growth of most cosmetic

contaminant microorganisms [23]. Nevertheless, the irausi Lexgard Natural as a naturally

derived preservative system provided an additional layer of microbiological protection,
reinforcing the overall safety profile of the formulation.

3.4. Antimicrobial Efficacy Test Results

The results of the challengesteconducted in accordance with TS EN ISO 11930:2019 are

presented in Tables 6 and 7.

All five test microorganisms exhibited a progressive and substantial reduction in viable counts

following inoculation. As defined in TS EN 1ISO 11930:2019, Criterion Aines a logarithmic

reductii

on

of > 2

og for

bacteri

al

strai

ns

an

no increase in viable counts through Day 28. For the three bacterial strains (S. aureus, P.
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aeruginosa, E. coli) and C. albicans, vialderds dropped below the detection limit (<10 cfu/g)

by Day 7 and remained at this level through Day 28. For A. brasiliensis, counts reached below
the detection limit by Day 14 and were maintained through Day 28. Logarithmic reductions for
bacterial strainsanged from 3.48 to 4.65 log at Day 7, maintained through Day 28. Candida
albicans achieved a 3.60 log reduction by Day 7, while Aspergillus brasiliensis reached a 4.20
log reduction by Day 14, both with no increase in viable counts thereafter. Thdtsea@sirm

that the formulation met Criterion A as defined in TS EN ISO 11930:2019 for all five test

microorganisms.

Table 6.Viable microbial counts (cfu/g) at each sampling time point

Microorganism | Day O-N | Day O - N |Day 7 - N;|Day 14 - Niusa| Day 28 - Ngs
(cfulg) (cfu/g) (cfulg) (cfulg (cfu/g)

Staphylococcus

aureus 1.9x14. 5x%x10|<10 <10 <10

ATCC 6538

Pseudomonas

aeruginosa 1.1x11. 2x10/|<10 <10 <10

ATCC 9027

Escherichia coli

ATCC 8739 1. 7x13. 0x10|<10 <10 <10

Candida

albicans 2.0x14. 0x10(|<10 <10 <10

NCPF 3179

Aspergillus

brasiliensis 1.0x11. 6x10|NA <10 <10

NCPF 2275

Table 7. Logarithmic reductions at each sampling time point

Microorganism | N N~ Log N4 Log N2g Log

(log) (log) Reduction | (log) Reduction | (log) | Reduction

Day 7 Day 14 Day 28

Staphylococcus
B 565 |1.00 |4.65 1.00 | 4.65 1.00 | 4.65
Pseudomonas | 5 s | 109 | 408 1.00 |4.08 1.00 | 4.08
aeruginosa
Eosl‘i:he”‘:hia 448 |1.00 |3.48 1.00 |3.48 1.00 | 3.48
Candida 460 |1.00 |3.60 1.00 |3.60 1.00 |3.60
albicans
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Aspergillus

NA - 1.00 4.20 1.00 | 4.20
brasiliensis 5.20

These findings are in line with the known antimicrobial mechanisms of glyceryibested
natural preservatives, which agtimarily through disruption of microbial cell membrane
integrity and are particularly effective against grpositive bacteria and yeasts under mildly
acidic conditions [11]. The achievement of Criterion A across all five test organisms
underscores thefefacy of the Lexgard Natural preservative system as a-tideh alternative

to conventional synthetic preservatives such as parabens and formaldelegdeng agents,

which are facing increasing regulatory scrutiny and consumer rejection in theaiebwadtics

market [2].
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FUSARKUM GRAMKMEAKRBMEKKTLK ANTKFMNGNKIRRKN
ETKKNLKK DEJERLENDKRMESK

Araktérma G°revlisi, ?

 stanbul Yeni Yuzyit !l Uni ver-000000227115988 | e m. s
Profesor Doktor, Sevgi MARAKLI
Yi 1l di z Tek n isrkarakli@yildizeedustri0Q0@0801-5796 7819

OZET

Fusarium graminearuym t ahi1 | | ar ve di ger tari1m drdanl eri
bogazi c¢lOur okl ugud hastalit klarirnin baslica etn
Bu cali sm&aaa, zena ki mel i nmeyen dodine zirai

mekani zmas| bilinen ref erinvirge taknitn Ifiukn gche §d e ll &
yapt |l mistir. Cal 1-4 pgent, diyofonatmddilu(1 & pg/anl, dddine((6D, 5

300 pg/ml) ve azoksistrobin (16800 0 Hg/ mL) antifungal Kim
konsant r afb.ygoamheamumBtHiln s u s u Gzerindeki et kil
Uygul amal ar 3 teknik ve 3 biyolojik meskrarl
4. ve 7. gunde o6l culerek % |l ineer buyuUme or a
kontr ol grubu ile karsilastirildigirnda tebuk
mi s el gel i sp<@mO0@di , %B,75 4pg/(mL | GB%28 0,008 y ond a
oraninda baski |l adi g1 belspidel geenrmi,st 0r 94 Te@lhtlkn
hesaplanmi ssmetri.| Tuygdlammaasi nin 8 pg/ mL kons

%81,56 p<0,000) , 2 pg/ mL kons anp<008)yoeamd an dias éb a%Xk0 ,| G
tespit editlenger ol 4p82ELLg/ mL ol arak belirlenm
ise 800 pg/ mML konpdiy asvy@®@®dag¥%mll, kbDnsSantr a
(p<0,000) oraninda gel i ssdegbaBkpfaEmMMh el areakEChesa
Dodine wuygulamasinda i se 30 0p<0j0a)) mL 6K o nusga ntL
konsantrasyonda %14,28<0,000 or ani nda baskisddermje rhk e |2i8r6] qmi

ol arak tespiktdeger| mr §t mgiasE6€dakl | beklar , fu
diuzeylerinin genis bir arali kta degistigini
seciminde bunvitrosonuc¢l ar1 n yol gosterici ol abil ece/(
veriler, antifungal kimya al | ar 1 n dogru ve sec¢ici kull anim
gelistirilmesine ve yeni fungisitlerin gelis

Anahtar Kelimeler: Fusarium graminearugrDodine,in vitro etkinlik, EGso

Bu cal ilgma, Tekni k Universitesi Bili msel Ar a
taraf i1 nB023% OFBOK numar al I projfe Hnez!| TUBDeTsAKe k1 O
kapsaminda 2250353 numarali1 proje ile destek
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PLEUROTUS A VE PLEUROTUS B MEMBRAN SALDIRI
KOMPLEKSK/ PEERENRERK PROTEKNLERKNKN MOLEK!
KLONLANMASI

MSc. Kiibra ERGUN
Yildiz Teknik Universit e800G000R84198347 er gun
Ar ak. Gor . Dr . Mer v e
I st anbul rdewveyimaze@istanlsliedu-t0000000343823763
Prof. Dr. Sevgi MARAKLI
Yi 1l dirz Teknik Uni ver s-i00000901-579680@ r a k | i

OZET

Membr an saldiri-b&ometieké$ MAGEPF)ompirmt einl er i,
silindirik porlar olusturarak =zar butdanl Ggun
kompl eman proteinleri tarafi ndamiolvwes thurmeloasr
bozarak hiucre o6l dmiune yol acar . Bu proteinl
yaygl n ol alleulotusostreattim wleurotus A (PlyA) ve Pleurotus B (PlyB)
proteinleri tanimlanmis ol gaal aalkasgaynsbuaa
a ma ®lyA ve PlyB genlerinin model bir organizma olaBchizosaccharomyces pombe
mayasina Kkl onl anmplgisve plyBrgenBer amaqlca,l i kl e pS
vekt oridne klonl anmi stEicol". d®Rekogadi nahmi )] aeimd ¢
PCR ve DNA dizileme analizl eri ile dogrul anm
asetat yont &chizosacandrdmgcasippmb@a g ks1 na transf or me e
edilen transformantlar, kolonlPR ve DNA di zi |l eme analizl eri i
Pleurotus ostreatusk ay nak | 1| MACPF proteinlerinin Okar
Uretil mesine yoétneli k onemli bir adim olup, g
biyolojik aktivi t el er i nin arastiril masina temel ol ust

Keyword: Gen klonlamaMACPF, PlyA, PlyB, Schizosaccharomyces pombe

Bu c¢al i1 sma, Yildiz Teknik Universitesi Bi |l i
taraf i1 n226 4 88BKnumarddst ek log remiidtei r .
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MAVK KANTARONODAN ELDE EDKLEN FRAKSKYONLARI N
SKTOGENETKK ETKKLERKNKN BELKRLENMESK

Msc. Dilara DORTER

Yildiz Tekni k Universit e-0003000b7833578. dor t ¢
Prof. Dr. Sevgi MARAKLI

Yi Il diz Tekni k Uni ver siODO8BO0L579676818r1r a k| i ¢

OZET

Bitki ekstraktlarinin eldegdilennegsc¢cirla&n i @o

iceriginde belirgin farklil i1 klara yol acmakt
cozucul er kull anilarak el de edilen ekstrakt
iceri kleri) ve mern adbmaloimz ke dHPh&€9 i aicheabu el
hiocre hattindaki sitotoksik aktivitelerinin
( EA) ve heksan (HX) cOozucul eri kull ani | arak
flavonoid icerike r i karsilastirri |l mistir. Fl avonoi d

degerlendirildiginde, orta polariteye sahip
mg GAE/ g dedgerleriyle en yuksek icerige sah
ag geninin tium fraksiyonlarda baskin bilesik
1,284 pupug/ mg) . Fraksiyonlarin sitotoksik akt:@
hidcre hd4AttO0O0®a pgd mL konsantrasyoryle MTTadsti g1 nda
uygulanmistir. Kirk sekiz saat sonunda | Cso

4902, 14359 ve 4061 pg/ mL ol arak belirl enmis
HX fraksiyonlari i¢in ImC)o,udage aymgQVAL0 2 G20V

Dunnett testine go6re ET, EA ve HX fraksiyon
ki yasl a anl aml 1 p<D00% ¥ldeecedilanzbalgutarmgdozictiipolaritésinin

fitokimyasal kompozisyon ve sitotoksik etk Gz er i nde belirleyici C
kaynagindan el de edilen fraksiyonlarin ise f
belirgin farklil i1 klar gésterebildigini ortay

Anahtar Kelimeler: Centaure cynanygraksiyonlama, kolokanseri, HPLC

Bu c¢al i1 sma, Yildiz Teknik Universitesi Bi |l i
tar afTDK-808%v 258 numar al I proje kapsaminda dest
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EQUISETUM ARVENSEBK TKKSKNDE TANKWNANAMRI N KNSAN
GENOMUNDAKK POTANSKYEL HEDEF GENLERKNKN BK
ANALKZK

MSc . Esra Nur Gg¢LT

Yi 1l di z Tekniskr adng wletreskiitre@s t;010epa 8i38B. ed u .
Prof. Dr. Sevg M £
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¥ZET

Bit ki kaynakl i1 mikroRNA"larirn (mi RNA), tudrl e
yoniundeki bul gul ar, son yi1llarda biyoinform
arastirma Kkonusu Halmdme ddltrkiistmirRNABU abbad1 r
potansiyel hedef genlerinin belirlenmesi, ol
aydinl ati | mas: acl Bundad  dmamdat agni mBlatsad ivre.
kul | anBigqluarsaekt unbi da kv sn e e tanit ml anan mi RNA" |
potansiyel hedef genl erinin bel i rHogewinseestiumar
arvengee ai t belirl amemi ddrRINAf i & NAI di 3ekonde
Sonr aslignudna noi RNA di zi | emii Ra puossRgNrAaTralr ggreit n av ey U |
i nsandaki potansiyel Amedédfz| @e,n |sEqgniul csbestidiam | & n
kaynakl dort Mmi RNMAd an 1 m oplnassmn 1Zemp@mansi yel
belirl enmistir. Literatdar i ncel emesi ne il e
yenil enmesi, DNA onar i1 mi, kromatin modifi ka
tasit ma surecleri, loirpint moiryff ogemteezi vei Fiosde
r ol al di g beli Ehehmestulmapan&8kenbemgBRNATI ar i |
arasindaki ol asi et kil esimlerdi ar agsitBiirtrka k i
kaynakIl il ami RNA'Gr |l er arasi| gen dizenl enmesi
konul masnsahi mbiekitler etkilesimlerinin dahe
bu alandaki deneysel arastirmalarin gelistir

Anahtar Kedi gregeetri &nl at 1 mininkidiigéamghmeko,

Bu c¢alisma, Yildiz Teknik Universitesi Bil i
tarafAhkKkI@HBS 11 numaralil proje kapsaminda dest
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G¥LLER Y¥RESKNDE TOROS G¥KNARININ (Abies
DEJKKkKKLKJK ALTINDA G| N| M| Z VE GELECEKTEKI
DAJI LI Ml

Dr. Seda KAYA KOSE
Bagi msi z Arast i r mac I-0000900%1413%3609 9 0 @g n

OZET

I klim degisimleri, bit ki taksonl arinin dag
faktorl erden biri ol arak kabul edi |l mektedir
duyan agac¢ turlerinin gelecektekidiridehbilg:: | 1 ml e
yobnetim stratejilerinin gel Abes cilicica(Ami@ne & i ¢i n
Kotschy) Carriere) (Toros Goéoknari1 )’  nin TuOr ki
ol an Go6ller Yoresindeki grinn Uamitz1 nvdea kg e | peoct eakn
alanlaritnin belirlenmesi amacl anmaktadir. Ar
potansiyel cografi dagi | 1 mi ni oy ile glinientze kK a ma

ve gelecek ikl inmMakern imuenr iEnk ulolpani(IMarx&Eknt ) al

dagit Il i1 m modell emesi gerceklestirilmistir. Bi
l'iteratdar kaynaklIl ar 1, herbaryum kayi1itl ar V
Modelleme surecirel CHEL SA veri tabanindan el de edil e
(204620702 1 0 0) degi skenl er i kull ant I mistir. De
probl emini ortadan kaldirmak amaciyla korela
basar mapserf oAUC ve TSS metri kIl eri ile deger|
MaxEnt modeli AUC=0,941 deger. il e yuksek bi
Gol Il er Yoresindeki potansiyel dag! | Bioly ni S
Biod4, Biol2, Biol5 (Biol: Yillik ortal ama s.I
Yagr s Miktari1 ve Biol5: Yagisin Mevsimsellidg
edi Il mistir. Model sonuc¢claak,uyoguwowsalgédkharini
kesimlerinde yogunlasti gi gor al mektedir. Ge
habitat alanlarinin 6neml:i 0l cude daral abil e
Goknari1 ' nin i klimades@iss kel itgiirneolkdugGunu ort
korunmasina yonelik planlarinin gelistiril me
Anahtar Kelimeler : Abiescilicica Max Ent , Tuar Dagi |l 1 m Model l er

degisikligi
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ATIKSUARITMA TESKSLERKNDE MKKROPLASTKKLERKN A
¢CEVRESEL RKSKLERK
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Prof. Dr. Mehmet Emin AYDIN
Necmettin Erbakan Universitesi, meaydin@erbakan.ed000-0001-6665198X

OZET

Gunidmuzdidn en Oneml i kuresel cevre sorunl ar
yogunl ukl ar Ve k¢ Ok parti kol boyutl ar i (
aractili1gryla atirksu ari1tma tesislerine (AAT
AAT’'er oO6neml. bir MP kirliligi kaynagi!t ol ar alk
ver i mi kull anil an teknolojiye bagl ol ar ak
Giderim veri mi AAT teknol oj i ve kosseukllliarwv e
polimer turudne de bagli1i olarak degi smektedir
degi simlere ugramakt a, nanoplastik olusumu .
bozunma drunlerinin ekotoksisitesini olumsuz yonde etkileyebilmektedrAAT’ de at 1 k
i cerisinden uzaklastiril an MP’l er biyolojik
bi yokat taritm arazilerine uygulandi dginda bt
MP’ | er plastiklestiricil ere, shtoaybaillarz,at dol gu
ki myasallarinin ekl enmesi yl e Gretil mekt e; (
kirleticiler, eser metal l er vV e il acl ar gi b
etmektedir. Bu maddelerin sindirim siste y | e ol an et ki |l esi mi , hem
adsor be edi | mi s di s kirleticilerin biyoyar
AAT | erdeki MP' | er , hem nokta kaynakl su ki
aclsindan rci tevryesmdll theahdit olusturmaktadir
Kirliliginin 6neml:.i bir kaynagi ol arak kabul
Politikasiti " na dahil ederek ileri arirti1m kade
amMmat teknolojileri, 6zelli kle nanoplasti Kkl er
yetersiz kal makt a; bu durum hem il eri ari1 t ma
yakl asi ml aritna acil i htiya¢c duyul dugunu ort a
Anahtar Kelimeler: At 1 ksu ari1tma tesisi, mi kropl asti k,

1. GKRKEk

Gundeli k yasamin her alaninda yaygin kull ani
bu yana katl anarak artmi s ve kuiar es[H.IlAncgki | | 1 Kk
dretilen plastik ati klarin yalnizca sinirl.
bertaraf yonteml er i nedeniyle plastifk at 1 kil
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radyasyon, st cakl 1k dedgi si ml enfeile parcalanarak kr o b i
mi kroplastiklere (MP) donidsmektedir. 5 mm’ d
MP’ | er gunimiuzde hava, su ve toprak gibi or
MP’ | er ati ksuya farkl: y @ lIsirezinde seksti Grinlgrmnden | i r |
salitnan mikrofiberler, kisisel bakirm dOrdnl e
plastik isleme tesisleri, boya ve kapl ama ma
basl i ca MP kaynalkl ar1 ol arak siral anabi

Kent sel ati ksu arirtma tesisleri ( AAT) konva
gi der i mi I ¢in tasarl anmami stir. Bu nedenl e
prosesl erinden gecer ken K1 s mi ol ar edak gi der
gideril meyen MP' 'l er ati ksu desarjlari1t yoluyl
surecinde ati ksudan ayrilan MP’ 'l er arti ma ¢a
arazilerine biyokat: ol arakevggMParnmags Iini sno m)

ol maktadir [ 1, 2].

MP Il er fiziksel bir kirletici ol mani n yani s
geci ktiriciler, stabilizatorl er gi bi kat ki
nedeniyley i zeyl erine agitr metaller, kal 1 ci organi
ederek ekosistem icerisinde vektor goérevi gbo
canl i organi zmalar tarafindan M&EMmMI dei naal dn
ki myasal kirleticilerin biyoyararlani mini a
MP’ Il er aritma tesisinde mekani k ve kimyasal
parcaci kl ara yani nandapleas ti kI|Bar edu(r UM ad 4 rt dr
giderim wverimini diasiur mekt e hem de ol usan
degistirebil mektedir. Ayri1ca MP’'lerin AAT i
hidrolik bekletme slUwegibi havuaeanddeki gbasr
tesis isletmeciler:i aclsindan yeni bir opera
Avrupa Birligi ati ksudaki yeni ortaya ¢1 kan
mikrokirleticileri (farmasotik, kosmetk gi bi ) de di kkate al arak Kae
2024/ 3019 sayl Kent sel At 1 ksu Ar it mi Dir
tesislerde kademeli olarak doéordinciol arirtim
sadece biimde ar asti rmalar ile sinirli1 kalmadi g1 ni
da el e alindi g1 ni gostermektedir. Ancak 0l ke
performansina iliskin c¢calismalar hpesé@ami sdair
MP’' | erin atiksuya girisi, AAT Il erde aki beti
ekosi st eme tasini mini, cevresel ortaml ar dak

Diuzenleyici/teknolojik ¢o6zim yaklasit mlari ni

2. ATI KSU ARI TMA TESKSLERKNDE MKKROPLASTKKLE
AKI BETK

2. 1. Mi kroplastiklerin Ati ksuya Giris Yol
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Kent sel ati ksuya giren MP’ 'l erin en O0neml:. k
olusan ati ksul ardi1 rk g iPboil yseesntteert,i kn anya | ozne nveel ear
camasir makinesinde yi1ikanma surecinde c¢ok f

Thompson [6] tarafindan yurdtulen | aboratuv:
kosullaritnin fimbeekisaét ki sni dlzastiri Il mstir
kosull ari1 na bagl i ol ar ak dedgi sken mi ktar |l a
kanali zasyon sistemine wulasti gl ortaya konm
1900 den sfad zilnaa bfiil bdd rg i rapor edilmistir. Tek:
kirliligine -7l0at&ralngnnd®49ol dugu t ahmin e

gerceklestirilen c¢calismalarda AAT nin giris
kaydedilmektedir [1].

Kisisel bakit m drunl erinden kaynakl|l anan MP " |
kaynagi dir. Yz temizleyiciler, peeling ur ar
mi kroboncukl ar Kull ani m sonr asyankdralizasyong r ud a n
ul asmaktadir. Ayrica ev temizlik kimyasall a
polistiren, polilretan ve epoksi recineleri gibi sentetik polimerler icermektedir. Bu

mal zemel erin uygul ama, sOkmemvegayabi amabsln
Ayri1ca | asti k asi nmas.] yoluyla olusan ve kel
kanali zasyon sistemler:i ile AAT’ |l ere ul asmal
areti mi, insaat smatdajemel gri acirevemiendistriy
pol i mer bazl i mal zemel erin uygun ol mayan be
ati ksuya kari1smasina neden ol abil mektedir [1
Ati1r ksuya giren MP konsantrasyanbhrktalidggi @
gostermektedir. Literaturde yer alan g¢al 1 sma
ol dugu go6zlenmektedir. Bodzek ve ark. [ 1]

kapsaminda MP konsantr asylonillaa 11n0i.n0 4MA TMR)/i Lr i asr
cl ki's atir ksuyunda ise 0O ila 447 MP/ L arasi |
tarafindan 11 Ul kede 38 AAT nin incelendigi
0,28 ila 3,14x104 WMPOLOl1cikas 2a®Oi7kd0y umMdPa Li s
edi |l mi stir. Konsantrasyon degi si mi AAT’  nin
kaynaginin niteligine (evsel, endiustrivyel g
pekcok faktocae dDaghksdi numAiyesi al ma, on i sl e

tespit edilen MP konsantrasyonunu etkilemektedir [1,2].

Mor folojik acidan degerlendirildiginde fibe

sekilleridir. Liter@torder fiddbeol dufgo yeklbagni
evsel c¢camasir yirkama desarjlari1t ol dudgu bil di
(PE), polipropilen (PP), poliamid (PA), polyester (PES), polistiren (PS) ve polietilen tereftalat

(PET) ateinkssulkarrdaast | anan polimer gruplaridir
belirleyen ayrica ekolojik risk potansiyelinr
alan c¢ali1i smalarda ati1 ksudaki MP* Il erin yakl a

cal i smalarda ise MP'lerin yaklasi k %60 1 ni1n
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Ki¢cluk boyutlu parcacit klaritn canli1ilar tarafi1n
gecme potansiyeli tasimasi ekeotlokmsdikmoil lomneélki
AAT' Il erde rapor edilen MP miktari1, tdara, boy
el de edilen wverilerin ul usal 0l cekte genel
buydklI 0k, teknol oj i Ve onogMPaf ki rkloinluinga ns ah
gerektirmektedir. Ayri1 ca kaynakta o6nl eme vyak
maki nesi ¢cir krslaritrna filtre taki |l masi, k 0z me
gi bi uygul amal ar 1 ni nyaMRP sgr derairmitrma da&&li sy &a

edilmesi gereklidir.

2. 2. Ati1 ksu Ari1tma Tesislerinde Giderim M

Konvansiyonel AAT 1l er MP giderimi i¢in 0dzel

kimyasal ve biyolojjk a1t ma surec¢cl erinde ki smen MP gi de
aritma kademesi olan 1 zgar a, kum tutucu ve
yogunlugu suyunkinden fazla olan MP' Il er yerc
arasindaodegil seda gider i I-felbalimiasgyan [ild]. e Kioa
yapitlariryla agregasyonunu saglayarak MP gi de
flotasyonu (DAF) sistemleri i se O0zelSIRAkKI e du
gi bi) hava kabarci klaritna tutunarak yilizeye
uzaklastiril masi ni sagl amaktadir. DAF sister
MP giderim verimler:i rapor e d idé, mktis ¢gamur, [ 1, 7
biyofiltreler, membr an biyoreaktoérler ( MBR)
kull ani Il maktadir. Aktif c¢amur sisteminde MP
i ki ncil cOkeltme havuzwsme&ktaygi rl makit i ¥ olgcwymlu:
MP giderim veri mi l'iteratiurde %3,6 ile %98

aral 1 g1 MP O0zelliklerinin yani sira camur

parametrelerine bagleditrutfat] .t MdBRelrém wieks en
cali1 smalarda MBR sistemlerinde %99,4 il e %
edi |l mi stir [ 1, 7] . Talvitie ve ark. [ 7] tar a
sonr asi uy gul an askfililéBiiR%409 &, 49 9¢ ®z G dmis hava f
%95 ve hizl kum filtrasyonunun %97 giderim

kademesinde uygulanan membran filtrasyon (mikrofiltrasyon, ultrafiltrasyon, nanofiltrasyon,
ters ozmoz gibi), ile oksidasyon prosesleri (ozonlama, FentonAeémton, fotokataliz gibi),

kl orl ama vV e uv dezenfeksiyonu gi bi yont en
artirabil mektedir. Ancak oksidatif prosesl e
durumun nanoplasi k ol usumuna neden ol abildigi tespi:t
Literatar bil gil eri AAT’ | erdeki toplam MP g

arasinda degistigini goéstermektedir [1,2,9].
Avustralyh” dea W66, ARanada’ da bir AAT de %91,

%99, 9 ol arak rapor edilmistir. Membran tekno
genell i kle daha yuksek MP giderim veri mi el
proseslerni n tek basina yeterl:] diozeyde giderim
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saglayan AAT’'ler de bile desar|] edil en yiuks:i

mi |l yonlarca MP desarj. gercekl es mekntyekd i r . A
edi | memekte ¢camur fazda ali konmaktadir [1,10
MP giderimlerinde farkl i 1| tARICarpreo&Gzlse mmek tkuw
Pekin’ deki bir AAT de MP gider imgay'rdarki %bein
teknolojiye sahip bir tesiste MP gideri mi Y
karakterizasyonu, i sl etme parametreleri, MP
yontemleri gibi pek ¢ok faktérden etkilenmektedir. Bu@edl e ay n | prosesl ere
bile her AAT i¢in kendi I sl etme kosullari nda

2.3. Mikroplastiklerin Fizikokimyasal De g
Ol usumu

AAT | er ki ari1tma <irkedkli enwyiarschd NMR’ell driikd ef i d
MP’' |l er i1¢in sadece bir tasiylci degi I, ayni
AAT  de pompa, kari1 stir ma, haval andi rma gi bi
turbidlansi n eakutsiwye ef IMPI" k®eli nolbarak degi sim
[10, 11] . Ari1tma proseslerinde uygul anan ki my
ol makt a d@;,rUV/kidy, Véntan ve fotd-enton gibi ileri oksidasyon prosesleri sudan

organik kirletc i gidermek ic¢cin uygulanmal ar i esnasir
yasl anma sidarecini htrzl andirrmaktadirr [11]. Bu
fizi koki myasal 0zell i kl eri degi serelkiydmpirsal
MP’' | erin yalnizca fiziksel degi simine neden
kull ani |l an plastiklestiriciler, al ev geci kt
ortamina gec¢cmesine neden ol anak|[ddyredRAglr I rcias
i sl emi sirasinda pol i st ikrleonr gbiabdil ap a Init me rolleurs
hi drofobisitesini ve dolayirsiyla diger kKirl

edil mistir [1].

Mekanik ve kimyasal kuvvetlern et ki si yl e MP’ 1l er NP’ ye doénus
AAT Il erin her bir ari1t ma Unitesinde S u K e:
parc¢cal anmani n meydana gel ebil ecegi rapor et m
yakl asi k %Y X’einnibugisdierrect e ol usan NP’ lerin
stnirlarirnin altinda kal masi nedeniyle gercge
kuciuk boyutlari ile daha fazla yiuzey ma ani na
kapasiteleri yuksek olup ayrica hucresel b a
hidcre zari) gecme potansiyeld] artmaktadrir.
proseslerinde sadece MP sayl s amt@amsiyetininen na de
aza indirilmesine de odaklani | mas:i ger ekmekt
i cinde benzerdir. Camur stabilizasyonu i ¢in
yuksek si1cakl 1 k, kari stunmha We bek| gamesalire
maddel erinin ¢amur si1vi fazina gec¢isi soO0z ko
aktivite MP’l erin yogunlugunu ve kimyasal ki
et kil emektediP'.l eDolnayAAsTI yil@erM si ndeki aki bet
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uniteleriyle sinirloi kal may1 p, camur I sl eme
ol arak el e alit nmal i dir.

3. ¢EVRESEL RKSK DEJERLENDKRMESK VE TARTI k MA

3.1. Aritma Camuru Yoluyla Mi kroplastikl e

Stabilize aritma c¢camuru organi k madde ve bes
taritm arazilerine biyokati/ gubre ol arak uyg!
suUrecinde ati ksudan ayrilan ve c¢camurda biri
tastinimna neden olmaktadirr [11,12]. Corradi
uygul amas:| yaprt I mirs 31 tarim arigisj ndec¢mas
uygul anan biyokat:| saylsityla istatistiksel (
Camur 0rnekl erinde MP miktar: 18 ila 41 MP/
bi yokat uygul amas| yapidoan avreazbhdsridez 1yygu
arazilerde ise 2,3 ila 3,5 MP/ g rapor edil mi
durumunu goéstermektedir. Crossman ve ark. [1
i se biyokati1 uyoplrakdsal MPomi ksamdait n kontr ol
%1445 arasinda artti g1, bu artisin 22 vyl V €
toprakta ol dukca kal 1 ci bir kirletici ol du¢
biyokat kaynakl 1 toprakta bulunan MP’ l erin gene
ol dugunu ve MP’'l erin toprakta ikincil MP/ NP
MP’ 1l er topragin fiziksel y ap ! s stabilit¢siggibiz, e ne k| i
mi krobiyal toplul uk kompozi syonunu ve topr e
davranisini ve fizyolojisini etkileyebil mekt

bi sfenol A gibi) kat ki ok ibmy aod alnl a(fragiwe meltzae
bifeniller ve poliaromatik hidrokarbonlar gibi) kirleticileri de icermektedir. Tahmini olarak,

dinya genelinde on alt]| Ul ke arasinda biyok
8,2x101! il a 1P 2WIxdapttisgilardamsg tirdial ekt edi r. To
i cerisinde yuzey akisi yoluyla yakin su kayn
yeral t suyu kalitesini etkileyebil mektedir
aclsindan bbhel iyrbnet mel i k dedgeri bul unmamakt ¢
surecl erini MP riskini de kapsayacak sekil de

3. 2. Mi kropl asti klerin Kimyasal Kont ami na
MP’ Il erin kucuklbgyveey, agani svezgidrofobi k do
kal 1 ci organi k kirleticiler, farmasoti kl er v
[ 13] . Banaee ve ark. [ 13] MP’' I erin hidrofob
biyoyar ar |l ani mi ni ve toksisitesini Oneml i 0l ¢
veya biyofilm kapl: MP' | er daha yiuksek met al
durum metall erin cevresel harekert.l i MPGI a@r i r
polietilen gibi bazi pol i merl erinin pesti si

etkileyebildigi rapor edilmistir [13].
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Organi zmal ar tarafindan alinan MP’l er canl 1n
aktivitelerinedery e hem yapi1 sal kat ki ki myasall ari na
stabilizatoérl er, boyalar ve dolgu maddel eri

bi yoyararl animrnin artmasina neden teibiabi | me
kirletici mar uziyet. ol ar ak degi |, cokl u k
degerl endiril mesintagigrer ankettiad mekit kedsr mi nMmh a
organi zmal arda oksidatif stres, d sihetjigik or gan
toksisite etkilerine yol acabildigi, bu etki
insana kadar wulasabildigi rapor edilmisgstir.

kat ki maddel eriniacwibihegi klndrokol mashiozpot a
artirrmaktadir.

MP’ | er akuati k organizmal ar Uzerinde davran
gostermektedir. MP maruziyeti organizmal arda
davr amias|dergiimi ml ere neden ol makta solungacg

enfl amasyon ve oksidatif stres g0zl enmektedi
trofi k diozeyl er arasinda transfer olrisklei | eceg
i cerdi gini gostermektedir. Bireysel Kirleti
MP’” Il erin c¢coklu kontaminant tastyrcil i1 gi ned
yansitmamaktadir. Bu nedenl ee kiimé katdiefgev bk e

sureglerine dahil edilmesi 6nemlidir [13].

3.3. Politika ve Mevzuat Cercevesi ile i1l
Son yillarda MP’ | erin ri skl erine yonel ik
guncell emshaen yepekmar mi stir. Avrupa Birligi
At 1 ksu Ar 1t i1 mi Direkti fi’  ni (91/ 271/ EEC) rev
yeni direktifi kabul etmi stir [ 3] . Rievi zyor
bil esenleri, mi kroplastikler ve PFAS dahil)
getirilmisgstir [ 4] . Evsel ati1 ksu di si1 nda er
kaynakl ardan gelen ati ksulari nlda agi sl mdanl
ol arak izl enmesini ve raporlanmasini zor unl
esdeger.i ve Uzerindeki AAT |l ere asamall ol ai
Bu kapsamda stz konusu tesislerin, mikrokirleticilegni d er i mi nde 2033 vy
%20’ sinin, 2039 yili1na kadar %60’ 1 nin ve 2(
ongorulmektedir [3,4].

AAT | ere ekl enecek il eri arittma teknolojiler
mikrofiltrasyon, ultrafi t r asyon, disk filtreler, hirzli1 kum
yuksek MP giderim veri mi saglayan yoéntemlerd
kent sel AAT Il erde uygul anabilirl i gikiystiktsleakr
i cermektedir. Koagul asyon temel |l ari1ti1 mlar
MP konsantrasyon/sekil/polimer tdaru, koagtul a
gostermektedir [ 1] . | I er i de ketkin dlmaklp diniktepr os e
mi neralizasyon ic¢cin gereken siure ve enerji

95



TROIA 4th INTERNATIONAL CONFERENCE ON APPLIED SCIENCES
July 17-19, 2026- CANAKKALE
ISBN NR. :978625879531-8

drunler ve NP olusumuna neden ol abil mektedi:H
uygulanabilmesi i¢in mihendislik ve finansmammpi | a ma s | yapi! |l mas.i ger e
aritrtirm kademesinin tesislere il avesi arazi
gerektirmektedir. Bu durum sadece AB UuUyesi
entegrasyon il i skeitskii | eumekrnanrdi il k éluerniedeeal e
MP ve diger mikrokirleticiler:i de kapsayacal
AAT Il erde MP karakterizasyonu ve giderim ver
olup mevcutbidgalbksombhtbcéade bel irldi havzal arda ¢
0l cekte standartlastiri I mrs MP izleme agl ar

4. GENEL DEJERLENDKRME VE SONU¢LAR

At 1 ksu desarj !l ar. Ve bi yokat uy gdtemlerena l ar |
tasitnimnda o6neml. bir rol oynamaktadi r . Ko
saglamakla birlikte yuksek haci mli ati1 ksu de
oneml. i mi ktarda MP tasi maktadnat ! Lygef amat de
tasi ni mi na neden ol dugunu vV e bu biri ki min
gostermektedir. Son yillarda artan su i1 htiya
sul amada ari1ti1 I m s atiakgsumywrn 1 yweniBdiemelkdwelnll a&n b
atir ksu yoluyla tari1 m arazilerine ve su ekosi
sagli1gr acisindan potansiyel risklerinin deg
sadece MP spianritni kitzll esnanyetsi yl e sinirl 1 kal mamal
ve adsorbe kirleticileri de icerecek sekilde
Ul kemi zde AAT Il erde MP kirliligininlusshha sa
0l cekte standartlastiri Il mrs MP O6rnekl|l eme ve
0l cekl i AAT Il erde duzenli MRc¢ 1iicamse demgesinid | ar 1 n
sistemati k olarak takip edyamelsangtaekmi adi az
biri ki mi ve ol asi grda zinciri et kil eri ar as
al 1 ci ortaml ar a desar |j yapan tesi sl erde de
kirleticileri de kapsayan butincile k ot oksi kol oj i k risk deger
gerceklestiril mesi su ve toprak kaynakl ari1ni
alitnmasini saglayacaktr.
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yir Il Il arda yeni ortaya c¢i1 kan Kkirlkertselci | er
su arirtma tesisleri (AAT) vaslitasiyla ¢
esel ortamlarda si1 klikla tespit edil mekt
sik veya metobilit foromonngebekesttaasnant a
ye ul asmaktadir. Ayri1ca dogrudan tuval e
rilari1 ve hastane ati ksulari1 da wuyusturu
ma prosesi i cerenkaAAT'I|l eyappdlakri we ukt s
riminde yetersiz kal maktadir. Bu durum
ysel su kaynakl arina ulasmasina ve sucu
turmasi na Beid egnal olsmak tkaadpsami nda ati1 ksu
asi mi ( WBE) il e uyusturucu madde Kkul |l an
akl ar i Ve aki beti il e olusturdukl ar i
rlendiril misrtii rt opNBEM ud/igaud yaimadea nesnel
tim verisi sunarken biyobelirtec¢c kararl.
yac.! surmektedir. Akuati k ekosistem de
rl1 seil ek dser kirlomi k ve diusiuk doz maruziy
turabil di gi rapor edilmistir. Avrupa’  da
i n ve ketamin kalintilari1 nda a zlenirken, MD MA
iye ' de 11 ilde 18 ati ksu arirtma tesisin
timin kannabis (5412 mg/ 1000 kisi/giun) o
yil boyunca yurdatdal en i zblidnmes igal 1bsanyd si1 nod
%87 ar as!1 ACAOOHd eng ins tiisei ,sulcHIC or gani zmal a
1) olusturdugu tespit edilmigstir. AAT’ de
rlendiril mesinin gesrleektImel ingail isydeztki o, n uesnue rijk
umu gi bi kirsitlar AAT |l erde wuygul anabil
el erinin izlenmesi ve arastiri |l masi al ar
nl e, uy ugtnurouewr emaedderlieskl erinin daha i
ronin genisletilmesi, standart o6rnekl eme
l erin degerlendiril mesi, il eri aritma t

incelenmesi gereklidir.
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Anahtar Kelimeler: At 1 ks u temel | i epidemiyoloji, uy
degerl endirmesi, ati ksu arirtma tesi si

1. GKRKEk

Gidnimiuzde wuyusturucu tuketi mi hem bireysel

onemlibrs or undur . Birlesmis Milletler Uyusturucdt
Uyusturucu Aj ans ( EUDA) gi bi Kuruml ar 1 n y
kull animrnin artmakta ol dugunu ve yeni psiko
gostermektedir. Kull anim sonrasinda ana bil
bil esi kler kentsel kanalizasyon sistemine ul
degerl endiril mesi gereklidiragm¥Yamianoutyagauc.
metabolitleri ylUuzey suyu, yeralti suyu, topr
edi |l mektedir [1]. Bu durum halk sagl i g1 vV e

I htiyaci gerektirmekteédairn., Amhketolyenrta, itseddaawvis
madde kullanim yoéntemler.i uyusturucu kull ani
bilgiler sunmaktadir [ 2].

Kent sel ati ksu ari1tma tesisleri (AAT)e genel
konvansiyonel (askida kati1 madde, azot, fosf
Bu nedenle hidrofilik ve kali1ci mi krokirl et
ki smen giderilse de uyusitlueualul ve oet amal de¢ $
Literatidarde i ¢me suyu, yluzey suyu ve ati kst

maddelerin (benzoilekgonin, metamfetamin, amfetamin, metadon ve kodein) ng/L duzeyinde
tespit edildigi gorul mektedir [1].

Uyugsitcwr ve metabolitlerinin atiksuda tespit.i
son yillarda toplum dizeyinde madde kull ani m
At1 ksu temel | e p iBdaesneidy o E @ ij d e n{i Vdal sotigeyw ad /8 E & k
adl andiri | an bu yontemde vyerlesim bodlgesin:i
uyusturucu maddel erin insan vidcudunda ol use
hesaplama yoluyla toplum diozeyinde]l. WBEket i m
yaklasim ile uyusturucu toketimi ile 11 gild9@
yont emi bireysel kKul l ani ci davrani s hakkoi
kanalizasyon fiziksel, ki myarsal avaek md&gbbi ymc
tahmin edil mesindeki belirsizlikler, O0rnekl ¢
ol mas: gi bi nedenler sonuc¢larin karsilastir
[ 2, 4] . 2011 yi1 I 1 nd@inndbey ySeernmwea gAvV rAunnpad y8li se CC
( SCORE) agil vV e EUDA isbirligiyle WB E y ak
gerceklestiril mektedir. Turkiye’ nin de dahil
artan, MDMA kalintilazahama bise d@illirmgi go bl €n
zamanda WBE yakl asi mi buy ok 0l cekl i et ki nl
donemleri vb.) sirasinda tuketim miktarlari1n
Cevresel risk acieadadagpudedgeovtendierimediadol it
genell i kle ng/L diuzeyinde tespit edil mektedi
potansivyel.] st nirl ol makla birlikte kronik
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ve fizyolojk et ki | ere yol acabilecegi rapor edi | mi
metabolitlerinin farkl: mi krokirleticiler i
yapitlan risk degdgerlendirmelerinin gergek mar
Bu nedenle mevcut konvansiyonel aritma teknc
sagl ayacak sekil de il eri ari1tma prosesl er.i
adsorpsiyonu, nanofiltrasyon/ters ozmoz gibi membran teknolojileri) ileifiy@dedilmesi
gerekliligi olusmaktadir. Ancak bu teknol oji
ve ol asi toksi k yan 0ridn olusumu gi bi ol ums
stnirlandir rmaktadir.
Ul kemi z vyar kuyek aklmamt eupd@pnd&l im degi s
gittikcge artmaktadir. Bu durumda ari1ti |l mis
kaynakl aritnin besl enmesi gi bi amacl arl a yen
arittrl ms sul ared&kadywmgttdrauamimadarl 1 g1, yal.
degi | , dol ayl I yol dan tar i1 msal grianl er vV e
Uyusturucu maddel erin izl enmesi ve arastiri|
akademmbi bhbalusmamaktadir. Bu durum hem cevre
sagl 1 g aclsindan O0neml: bir bil gi bosl ugun
yakl asi minin temel Il kel erini, uyusturucu me
aki betini, bu maddel erin olusturdugu c¢evres
Turkiye o6zelinde mevcut durumu degerl endir me
2. ATI KSU TEMELLK EPKDEMKYOLOJK VE UYUKTU
ATI KSUDAKK AKI BETK

2.1. Atir ksu Temel mi Epidemivyol oji Yakl asi
Ati1 ksu temel | epidemiyol oj i ( WBE) yakl asir
toplanan ham ati1 ksuda, kull ani ci vicudunda
madde veya metabolitlerin o6l c¢cul mesiundaks as1 na
atirlrm orani, AAT’ye ulasan ati ksu debisi ve

donidk hesaplama yontemiyle toplum dizeyinde
Hesaplama yonteminde 6ncelikle Olcllen biyobelirte¢ konsantragsydne g unl 0k at 1 k:
carpirlarak AAT’ ye ulasan gunl Ok katl e ydoaka

maddenin ana bilesige doniustiurme katsayl si
mi ktarina cevril mektediver dDiathia sbfhuaa i Bl Uree
gunl ok tdaketim miktari1 (mg/ gun/ 1000 kisi) he
Hesapl amanin guvenilirligi aclsindan ar i1t ma
edi | mesi O6neml i dir. Re s mi miaflukteapwt mksedial ¢
bul unan ve nufusla oranti |l degi sen bazi b i
metabolitl eri gi bi) nor mal i zasyon par ametr
0rnekl enmesi ve Or neklieme ksaamrra suynglian asharl tilz
bi yobelirteclerin bozunmasi ni onl emek ac¢1 si
saatli k kompozit numune veya ardisi k gunler
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yaygln uygul amal ardincesNumwenedgenehl! i&knel i 42

st cakl i klarda saklanmasi ve kisa surede anal
WBE vyakl asi mi bireysel beyana dayanmamakt a
0rnekl eme i mkéani verdiginden nmaddme dlku Isluanmank
Yeni psi koaktif maddel erin ortaya ¢I1 Kisinin
edi |l mesinde o6nemld. bir arac¢ ol arak kullani |l n
kull anit Il an diger yont emelneirldierklii ke rsitsniinm,| amall ia
ki sminit ortadan kaldirmakta ayrica istatisti
hakkinda da dolayli1 bilgi vermektedir.
Bununla birlikte WBE yakl asi1 mikuldilraenyisme Is 1 lkyl u s
kul Il ani ci demografi si hakkinda dogrudan bil
kanalizasyon i¢inde 0O06zellikle uzun kanalizas
ve mikrobiyal aktivite gibi fiziksel, kimyasalvermiko bi yol oj i Kk kosull ara b
ugr amas| bazi maddeler i1 ¢in belirsizlik kayn
t ahmin edi |l ememesi ndeki belirsizlikler Ve
dizeyde standarndaiszie dead islomeucilsaro n kar si | ast
sitnirlayan baslica etmenler olarak Il iteratdar
At 1 ksuda maddel erin tespiti I ¢in numune h
ekstraksiyonuk(&PE)y Isulvitaadenn lamsespektrometrisi i(1-C

MS/ MS) Il e dusiuk konsantrasyonlu maddel erin
tespiti saglanmaktadir. Bununla birlikte, bu
gerektirmesi 0Ozell k | e gel ir diozeyi diosik Ul kel er de
sinirlayabil mektedir. Bu n e d e nisiw) uggaldnabilirh 1 z | 1
alternatif yontemlerin gelistiril mesi ger ekl

2. 2. Uyusturucu Madddlaari nv eAtAit k kuisyuad aii r iAsk

At 1 ksudaki uyusturucu maddel erin ana kaynadg
yoluyla atti g1 ana bilesik ve metabolitlerdi
Gretim/isleme tesisjkearndennddaymalghanhan i ges
ati ksul ar ve hastanelerin ati ksul ar i da wuy
tesisleri konvansiyonel kirleticilerin gider
de ki smemdgirderMne&kktoki rl eticiler bu arittim s
adsorpsiyon yoluyla ati ksudan uzaklastirilm
yaptdaki uyusturucu madde ve metabolitel erini
bagyiuk o6l ciude biyolojik parcalanma ile gider
direnc¢li olan bu kirleticiler konvansiyonel
ol arak giderememekte ve ar i tedimektegir. Buagan | suy
AAT Il erin uyusturucu maddel erin c¢cevresel don
tastinim noktas:! i sl evi gordiuguni ortaya koym

2.3. Kuresel ve Avrupa Olc¢ceginde Gincel I
2011 yi1 1l 1 ndanSebwargie Awrad pyas’idsa ,CORe group Eur o]
isbirligiyle ati ksu izleme c¢ali1 smas.] ger ¢cekl
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metamfetamin tiuketim diozeylerinin Ameri ka Bi

Asya kiatpaosri redda lrdi gi goéstermektedir [2]. 24 £
sehirdday Mar2024 doneminde bir hafta boyunca
edilen sonug¢larda MDMA, kokain ve amfetamin

kannabis miktarinda ise azMaynas o2029udgmemie
MDMA mi ktari1 nda belirgin bir diosis goézlenirk
gozlenmistir [7]. Her 1 ki cal 1 s maidkan bidyak k o k a i
bol tminde hafta sonu dodneminde daha yuksek ¢

ve kannabis kalintilaritnin ise hafta boyunca
kokain, MDMA ve ketaminin buyidktidldg (gdenied laent
metamfetaminin ise giunl ik yasamda daha diuzen
Daglioglu ve ark. [11] tarafindan 2019 yil 1n
Gaziantep, Kayseri, Mersin, Konya, Erzuruma ¥ ve Trabzon) bulunan 1
tuoketim degerl eri kokain ic¢in 14,7 mg/ 1000

met amfetamin i¢cin 34,5 mg/1000 kisi/gun, MDWN
mg/ 1000 kisi/g6Aaleemgananabi Kiscigiun ol arak t

¢izelge 1. T¢rkiyebdde Farklé Kllerde Tahmin Edil
kiki/lgen) [11]

Kl Kokain Amfetamin Metamfetamin MDMA Eroin THC
Adana 14,48 10,42 10,68 59,57 38,76 8103,69
Ankara 13,56 8,31 4,73 11,55 29,57 6166,51
Di yar bg 4098 4,21 26,26 60,01 53,99 4857,26
Erzurum 2,71 5,73 21,07 8,09 19,23 4747,89
Gaziantep 19,78 19,35 172,03 21,47 41,27 7307,86
Kayseri 13,14 7,98 60,55 7,84 23,84 3814,61
Konya 8,69 5,06 3,74 42,90 111,30 | 6113,50
Mersin 27,21 11,92 9,41 99,98 40,48 4789,69
Sanl 1 u 7,23 7,62 21,64 17,83 19,69 5012,24
Trabzon 8,26 0,48 2,56 30,66 16,40 2957,97
Van 4,91 5,82 40,65 23,74 120,95 | 1818,61
Ay ni cal 1 smada tkiokketi inmivnei nMOMAN i | | erde haft:
kull anitminin Diyarbakir>da, eroin kullani min
Kkull ani minin Gaziantep’'te, MD MA Kkull anit mi ni
kKull anit mi nin UkseKkAddinzae ydchae enl dyugu bel i rl enmi
farkl noktasit ndan al 1 nan ati1 ksu numunel er

uyusturucu kul | a@Oni6l amg/ 1lK0ODKa ikni sG143@Eghnd00 a mf et
kisi/giun; mé&+0 a ;e e tmegmild 0@, X i s4i,/ 2920 nmg /MDOMAO 2K, i 7¢
eroinlG1 9 mg/ 1000 ki si/ g&dn30 Tngl 1(0kCaOn nkaibsiis/)g 2n8 Oo |

tioketi min kannabis ve amfetaminde ol dugu; k
amfetamin ksél hafmansanunda i statistiksel ol
rapor edilmistir [12]. Bu bulgular, Tiarkiye’
arti s egilimini yansittigirnit ve WBEoywadk| as i1 m
deger |l i bir arac¢ ol dugunu goéstermektedir.
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3. ¢CEVRESEL RKSK DEjERLENDKRMESK VE TARTI k MA
3.1. Ekotoksikolojik Etkiler

Akuati k ekosistemde wuyusturucu maddel er ve
ng/L duzeyindedir. Bu miktarlar akut ok si si t e aclsindan risk

organi zmal ari n yasam doéngul eri boyunca dus Uk
kal mas.| subl et hal etkilere yol acabil mektedi
organi zmal ar addeyesmarucuy et i sonucunda davi
Oridntusdu gibi) ve fizyolojik etkilere neden
Ureme ve predataor kaci nma gi bi ekol oji k acgi
dizeyide dol ayl i sonucl ara neden ol abil mektedi
metabolitlerinin sucul organizma dokul ari1 nd.
transfer ol abil ecedgi diosidnil ecek ol ur sa 0z
yvet i stiriciliginin yaptldi gr alirct ortamlarda
al 1 nmas.| gereken-2022 yYurluadur ar280Bbda yay.l
kapsayanbirmetanal i z ¢al 1 smasinda uyugtiwrewc s urhadd e
kKirlili@ikmoinmmsa&aswe cevresel etmenlerle ilisg!
gobsterdi gi, en yuksek konsantrasyonlarin Et.i
vV e Kirletici kaynagi nngemnerd | gkderian |1 kagl aa

kaynakl andi g1 ortaya konul mugLtOOH. gCdli 1 pmaleagi
yuksek ekolojik riski sergilemektedir [8].

Konya kentsel AAT sinde bir y1 boyunca yur
suyurda tespit edilen THC OOH’ Daphniamagnay e bal 1 kl ar i ¢in yuks:
(RQ>1) ol dugu; kodei rRGOOmE thd chona | gTHC wWieeT HE
THC’ rDaphnia magnati zer i nde, THC  nin I s e bal 1 kl ar
(0,1<RQ<1l) ai st urdugu belirlenmistir [ 13]. Ay ni e
suyunun Tdrkiye tuz dOGretiminin yaklasi k %67’

statidsundeki Tuz GO6l 0"’ ne desar | edi Il di gi ; b L
yvari st ndan fazlasina ev sahipli gi yapti gl V|
hassas ekosistem ic¢cin uzun vadel: bir cevre

Once ayni tesiste yur 0t (Dhpbmamagnac i qna ldiisgni&d a Uiz
ri sk olusturdugu, k UDsapHniamagda er iaslkg Ikeart siagyiinl adris
kal di g1 rapor edilmistir [12].

Cevresel ri sk degerl endir mesi ¢cal i1 smal ari1 nd
konsantrasyonni(rME€CRrhmriegeedi | en et ki si z kon
bol tnmesiyle el de edilen risk katsayisinin (
1'in Gzerinde ol masi1, il gili madde i ¢cin pota
Ancak vaet 1ykiszuey sul ari1 nda birden fazla uyustur
es zamanl bul unmas| nedeniyle bireysel ma d d
mar uziyet senaryosunu tam ol ar ak yatks i1 t mam
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nedeniyle bireysel madde riskIl eri topl ami nd:
risk degerlendirme c¢ali smalarinda birlikte d
3.2. Ari1tma Teknolojilerinin Yeterliligi
Aktif camur prosesiigeen konvansiyonel atir ksu ari1tma t
metabolitlerinin gideri mi stnirlordrir. Bu nec
sekil de il eri arittim teknolojileri i lre modi
(ozonlama, UV/HO> ve Fenton/foteFenton gibi) polar ve biyolojik olarak zor parcalanan
organi k bilesiklerin molektuler yapl!l sini par
kirleticilerin gideriminde yukseki mleirli imgis ag!
6zellige bagl ol ar aky udkesgei ks mheikdt reodfi orb.i kQ ziegl el i sk
adsorpsiyon etkil:@ bir fiziksel giderim sune
kapasitesi sinirlidozr.gNbhbnomembrasypnosester
boyut esasina dayanan fiziksel aylrma mekan
0l cide sudan wuvzaklastirabil mektedir. Bu tekn
toksi k yanggiminkolsugurmuw:1 o6zellikle buyuk o661 ¢
uygul anabilirligini sitnirlandir rmaktadir. Bu
entegrasyonu sidrecinin su kalitesi hetdef |l er |
analizleri esas alinarak degerlendiril mesi g
Konya kent sel AAT  sinde bir vyil boyunca ayl
kokain, amfetamin, metamfetamin, MDA ve THZDOH icin ortalama giderim verimlerinin
t Um mevsi mlneridzee r%en0d’e kal di g1 ; buna karsi |l 1k
stirasiyla ortalama %40, %40 ve %20’ nin al tin
belirlenmistir [ 13] . Ay ni cal 1 smada, mevsir
istati sti ksel ol arak anl aml bir etkisinin bu
konmus,; bu dur um, konvansiyonel i kincil ar i
sergiledigini, ancak hicbir bilesi ghadncet am ol
ayni tesiste yur Ot éClOOkhveHCGOHc aki smgdaer s en V H ¢
%100 e ulasti1i g, buna karsil i1 k kokain, amfet
icin giderimin %468 7 ar al 1 g1 nda degi sti §i, kobvansiybmel i | mi s
I kincil arittmanin bilesik bazinda ol dukg¢a de
teknolojilerine duyulan ihtiyacit somut bic¢im

4 . GENEL DEJERLENDKRME VE SONU¢LAR

Literatdr c¢al i1 smaliamis anyruasstiuriudcrmdralfrfieng e&ksul y @lr
tuval ete dokul mesi, kacak UGretim tesislerind
cok kaynakl i1 yollarla AAT' l ere ulasti g1 ni or
proseslerinin, byp o | ar ve ki smen kal 1 ci yapl daki bi I
nedenl e uyusturucu madde kalintilarirnin arit
ul asabil di gi rapor edkumakti kl i Kokomeoht aband
yillarda iklim degisikligi nedeniyl e Ul kemi
verilerine gor e, Ul kemi zde toplam su kull an
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agl amda, Konya kent sel AAT’  sinde son
12, 13], Tldrkiye' deki ybnebi k béoagkempbunuwurd i
rlendiril mektedir; ancak bu c¢ali1 smal ar i1 n
genelinde temsil ediciligini ki si1tl ama
I I T °¢
rli ol sa da, tek bir o6rnekl eme donemi
nmesine imkan vermemektedir. Bu nedenl e,
af i Mmesm|ld & azpasmami ni1 n geni sl etil mesi buay Uk

na ayri |l maktadir [10] . Bu nedenl e arit.i
aklarirnin besl enmesi gi bidi ama@luardlua uyne n
suda kalan wuyusturucu madde kali1nti | ar.

kay

rlendiril mesi ger ek tkiiginmmiik rgooksitrel rentel kcti e dki ar
i rindeki tasinimi ve dolayli1 etkileri

ni n

y I

ne

uy

antrasyonlaritnin akut toksisite baki minc

diusiUknadazi yetin davrani ssal ve fizyolojik et
Kiresel Olgekli meta nal i z cal i1 smal ar 1-COOWDAgi bTHCbivMesi
degerl endiril en psi kofarmasoti k/ uyusturucu

tasgdni goster mekt e; bu bul gu, ri sk degerl el
yalnizca tespit st kltr grna degi I, ekotoksi kol
et mektedir. Tur ve bolgeye 0O6zgiu \eNhiEQlatide ger |
etkilerin yeterince degerlendiril memis ol mas

yer al maktadir.

Arittma teknolojileri aclisindan, Il eri oksid
prosesl er gibi Il envaasi ymaeseceseleiméer ninn s
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EXPLAINABLE MACHINE LEARNING FOR CORONARY HEART DISEASE
CLASSIFICATION: A NESTED CROSS-VALIDATION STUDY ON THE
CLEVELAND DATASET WITH CONSENSUS FEATURE SELECTION AND SHAP
INTERPRETATION
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Abstract

Coronary heart disease (CHD) remains the leading cause of death worldwide, highlighting the
need for reliable, interpretable decisisumpport tools for early risk stratification. This study
developed and internally validated an explainable madeeming framework for CHD
classification using the public UCI Cleveland dataset. After removal of one duplicate record,
302 patients, including 138 with CHD (45.7%), and 13 clinical features were analysed. Fourteen
classifiers were benchmarked using a stratifiedted crossalidation design comprising 5
outer folds repeated twice and 3 inner folds for hyperparameter tuning. All preprocessing steps
were fitted exclusively within the training folds to prevent data leakage. Feature relevance was
assessed using aiglkt-method consensus voting approach, and thegeztrming model was
interpreted with SHAP. Model discrimination, calibration and clinical utility were reported with
95% confidence intervals. The Ex{faees classifier demonstrated the highest disoation,

with an AUROC of 0.917 (95% CI: 0.88¥.948), accuracy of 0.849, F1 score of 0.823, MCC

of 0.699, sensitivity of 0.786 and specificity of 0.903. Eight of the fourteen models achieved
AUROC values above 0.89, suggesting that the dataset represewsll-separated
classification problem. Consensus feature selection and SHAP analyses showed concordant
findings, identifying chespain type, ST depression, number of major vessels, thalassemia
status, maximum heart rate and exergigkiced angina as thaost influential predictors.
Overall, this transparent nested creasidation pipeline provided strong and wedlibrated

CHD classification while revealing clinically coherent predictors. In addition, the study
documents and corrects a widely propagabelencoding error in the commonly used
Cleveland CSV file, emphasizing the importance of provenance checks in reproducible medical
machinelearning research.

Keywords: coronary heart disease; machine learning; explainable Al; SHAP; nested cross
validation; feature selection
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1. Introduction

Cardiovascular disease is the foremost contributor to global mortality, and coronary heart
disease (CHD) accounts for the largest share of this burden [1]. Because clinical presentation
is heterogeneous and invasigonfirmation such as coronary angiography is costly and carries
risk, noninvasive risk stratification from routinely collected variables has long attracted
attention. Machindearning (ML) classifiers can integrate demographic, symptomatic,
electrocardigraphic and exercigest variables to estimate the probability of disease, and have
repeatedly outperformed singlariable thresholds on benchmark cohorts [2,3].

The UCI Cleveland Heart Disease dataset, first analysed by Detrano and colleagues [2], is
among the most frequently used benchmarks in clinical ML. Despite its popularity, three
recurring methodological weaknesses limit the reliability of many published results. First,
hyperparameters are frequently tuned on the same folds used for perforesimeation,
producing optimistically biased estimates [4]. Second, feature preprocessing (scaling,
imputation, resampling) is often fitted on the whole dataset beforewabdation, leaking test
information into training. Third, a widely circulated CSMrsion of the dataset carries an
inverted target label, whielif used uncritically silently reverses the clinical meaning of every
reported association.

In parallel, the clinical community increasingly requires that predictions be not only accurate
but also explainable. Opaque models impede clinical trust, complicate error auditing, and are
difficult to reconcile with emerging reporting and regulatory expectations [5,6]-hB@ost
attribution methods such as SHAP [7] and intrinsic featelevance analgs can expose
which variables drive a model and whether those variables are clinically plausible.

In this study we build a transparent, leakageatrolled classification pipeline for CHD on the
Cleveland cohort. Our contributions are threefold: (i) a oger nested crosslidation
benchmark of 14 classifiers reported with confidence intervals; (ii) an-eigtitod consensus
featureselection scheme crosslidated against SHAP attributions; and (iii) explicit
documentation and correction of the invertadel issue in the public CSV, with a reproducible
analysis script.

2. Materials and Methods
2.1 Dataset in study

The analysis used the public UCI Cleveland Heart Disease dataset comprising 303 patient
records with 13 clinical attributes: age, sex, cipest type (cp), resting blood pressure
(trestbps), serum cholesterol (chol), fasting blood sugar (fbs), resting electrocardiographic
results (restecg), maximum heart rate achieved (thalach), exerdiseed angina (exang), ST
depression (oldpeak), the slopeéthe peak exercise ST segment (slope), number of major
vessels coloured by fluoroscopy (ca) and thalassemia status (thal). One exact duplicate record
was removed, leaving 302 patients.

2.2 Preprocessing

Five continuous variables (age, trestbps, chalatth, oldpeak) were standardised (zero mean,
unit variance); the remaining categorical/ordinal variables were passed through unchanged.
Crucially, the standardiser was fitted only on the training partition within each\abdation
fold and then applakto the helebut partition, so that no te&tld statistics influenced training.
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2.3 Model panel

Fourteen classifiers spanning linear, kernel, instdnased, probabilistic, neural and tree
ensemble families were evaluated: logistic regression (with H2Ldanpenalties), linear and
radiatbasis suppoftector machines, -kearest neighbours, Gaussian and Bernoulli naive
Bayes, a multilayer perceptron, a decision tree, random forest, extremely randomised trees
(ExtraTrees) [8], gradient boosting, AdaBoostda XGBoost [9]. All models were
implemented in scikitearn [10] and XGBoost with fixed random seeds.

2.4 Nested croswalidation

Performance was estimated with stratified nested eralggation. The outer loop (5 folds,
repeated twice; 10 helout evalugions in total) provided unbiased performance estimates,
while an inner Jold loop performed grigbearch hypeparameter tuning optimised for the area
under the receivesperatingcharacteristic curve (AUROC). This separation ensures that model
selectionnever sees the data on which the model is scored, avoiding the optimistic bias that
arises from flat crossgalidation [4,11].

2.5 Consensus feature selection

Feature relevance was assessed with eight complementary methods: mutual information, the
ANOVA F-datistic, randorforest and Extrarees impurity importance, Lfegularised
(LASSO) logisticregression coefficients, recursive feature elimination, permutation
importance, and XGBoost gain. For each method the eight higirdstd variables were
considerd “sel ected”; a variable receiving- at |
consensus predictor [3,12,13].

2.6 Explainability

The bes{performing model was interpreted with SHAP (SHapley Additive exPlanatj@hs

a gametheoretic attribution method that assigns each feature a locally accurate, additive
contribution to every prediction. Global importance was summarised as the mean absolute
SHAP value per feature, and the direction of effects was visualiskedwieeswarm summary

plot. Concordance between SHAP rankings and the consensus votes was examined as an
internal consistency check.

2.7 Evaluation metrics

For every outer fold we recorded AUROC, accuracy;sédre, the Matthews correlation
coefficient (MQC) [14], sensitivity, specificity and the Brier score. Point estimates and 95%
confidence intervals were computed across the ten-talteresults. Calibration was assessed
with reliability curves and clinical separability with a confusion matrix, bottaiobd from
crossvalidated predictions.

3. Results
3.1 Cohort characteristics

Table 1 summarisdbe cohort by disease status. Patients with CHD were older, more frequently
male, and consistent with ischaemic physioleggached a lower maximum heart rate while
exhibiting greater ST depression, more diseased vessels and markedly more-gxkrcee
angina than controls.
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Table 1.Cohort characteristics by disease status.

Characteristic Disease (n = 138) No disease (n = 164)

Age, years 56.6 + 8.0 52.6+9.5

Male sex 82.6% 56.1%
Resting BP, mmHg 134.4 +£18.7 129.2 £ 16.2
Cholesterol, mg/dL 251.1 £495 242.6 £ 53.5
Max heart rate, bpm 139.1 £ 22.6 158.4 £ 19.2

ST depression (oldpeak) 16+1.3 0.6+0.8

Major vessels (ca) 1.2+1.0 0.3+0.8
Exerciseinduced angina 55.1% 14.0%
Fasting blood sugar >120 15.9% 14.0%

Continuousvariables are mean + standard deviation; categorical variables are percentages.

3.2 Model comparison

Table 2 reports the nested crasdidation results for all 14 classifiers, ranked by AUROC. The

ExtraTrees ensemble achieved the lakstrimination (AUROC 0.917, 95% CI 0.887.948),

followed closely by random forest and the boosting ensembles. Notably, eight models exceeded
an AUROC of 0.89, and the welkgularised logistic regression remained highly competitive
(AUROC 0.899) while dering the best specificity (0.912)a reminder that simple,
interpretable baselines should not be dismissed on this cohort [15}TEg#s also produced

the lowest Brier score among the top models, indicating good probability calibration.

Table 2. Nestal crossvalidation performance (10 outésld evaluations)

Model AUROC (95% CI) | Acc | F1 | MCC | Sens| Spec| Brier
ExtraTrees 0.917 (0.88% 0.849| 0.823| 0.699| 0.786| 0.903| 0.122
Random Forest 0.9:?6953?382 0.831| 0.802| 0.661| 0.760| 0.890| 0.124
AdaBoost 0.98.29(%?377- 0.831| 0.807| 0.663| 0.782| 0.872| 0.175
Gradient Boosting 0.9869(207.3375 0.821| 0.794| 0.641| 0.760| 0.872| 0.130
SVM (linear) 0.9869(206.?367- 0.829| 0.796| 0.659| 0.739| 0.906| 0.125
Logistic Regression 0.889%:03.223)68— 0.836| 0.804| 0.674| 0.746| 0.912| 0.127
Bernoulli NB 0.88(.39(%%2)379 0.815| 0.789| 0.629| 0.772| 0.851| 0.135
Logistic Reg. (L1) 0.88.59(104.})363 0.831| 0.800| 0.663| 0.746| 0.903| 0.129
SVM (RBF) 0.88495)7.2369 0.823|0.791| 0.645| 0.739| 0.893| 0.130
XGBoost 0.88é9(2()7.2365 0.811| 0.787| 0.621| 0.764| 0.851| 0.141
Gaussian NB 0.88.29(20(?2363 0.811| 0.784| 0.624| 0.775| 0.842| 0.144
k-Nearest 0.8369(2()92332 0.803| 0.759| 0.607 | 0.688| 0.899| 0.146
Neighbours 0.907)
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MLP (neural net) 0.849(0.81# 0.786| 0.756| 0.570| 0.732| 0.833| 0.177
0.881)
Decision Tree 0.839 (0.808 0.793| 0.761| 0.585| 0.721| 0.854| 0.161
0.869)

Acc = accuracy; MCC = Mattheworrelation coefficient; Sens = sensitivity; Spec = specificity. Best value per

column in the top rows.

ROC curves (5-fold cross-validated)
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Figure 1. Crossvalidated ROC curves for the five best classifiers. The tree ensembles
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0.4 0.6 0.8
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dominate the operating range.

3.3 Consensus feature selection

1.0

Table 3 lists the eighihethod voting result alongside global SHAP importance. Six variables
— chestpain type, ST dpression, number of major vessels, thalassemia status, maximum heart
rate and exercismduced anginareceived neaunanimous support, and nine variables reached

the strongc onsens

resting ECG were consistently uninformative, mirroring their weak univariate associations.

Table 3. Eightmethod consensus feattgelection votes and global SHAP importance.

us thr

eshold (= 4/ 8

Features are ordered by consensus strength.

votes)d

Feature Consensus votes Mean |SHAP|
Chest pain type (cp) 8/8 0.094
ST depression (oldpeak) 8/8 0.050
Thalassemia (thal) 8/8 0.081
Major vessels (ca) 718 0.099
Max heart rate (thalach) 718 0.037
Exercise angina (exang) 6/8 0.078
ST slope (slope) 6/8 0.061
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Sex 5/8 0.070
Age 4/8 0.028
Cholesterol (chol) 3/8 0.021
Resting BP (trestbps) 1/8 0.017
Fasting blood sugar (fbs) 1/8 0.006
Resting ECG (restecq) 0/8 0.004

Feature-selection rank across 8 methods

Major vessels (ca)
) 12
Chest pain type
Thalassemia
Exercise angina
Sex

ST slope

ST depression

Max heart rate

Resting ECG

Rank (1 = most important)

Age

Cholesterol
Resting BP

Fasting blood sugar

Figure 2. Rank of each feature across the eight selection methods (1 = most important).
Agreement is high for the top predictors.

3.4 Model explanation with SHAP

SHAP attributions for the Extrérees model (Figure 3) were highly concordant with the
consensus vote®\ greater number of diseased vessels, atypical qgfasttype, abnormal
thalassemia status, the presence of exenstheced angina, higher ST depression and lower
maximum heart rate all pushed predictions towards diseatieections that agree with
eshblished cardiological knowledge. This concordance between an intrinsic voting scheme and
a posthoc gameheoretic method strengthens confidence that the model relies on clinically
meaningful signal rather than dataset artefacts.
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SHAP summary (ExtraTrees)

High
Major vessels (ca)
Chest pain type
Thalassemia
Exercise angina
Sex

ST slope

ST depression

Feature value

Max heart rate
Resting ECG
Age
Cholesterol
Resting BP

Fasting blood sugar

T T T T T T Low
-0.2 -0.1 0.0 0.1 0.2 0.3

SHAP value (impact on model output)

Figure 3. SHAP beeswarmsummary for the Extrdrees model. Each point is a patient;
colour encodes the (standardised) feature value and horizontal position the contribution to the
disease prediction.

3.5 Calibration and classification

Figure 4 shows the reliability curve and &asion matrix for the Extrdrees model obtained

from crossvalidated predictions. Predicted probabilities tracked observed frequencies
reasonably well across the probability range, and at the default 0.5 threshold the model correctly
classified the majoty of both cases and controls, consistent with the sensitivity (0.786) and
specificity (0.903) reported in Table 2.

Calibration (ExtraTrees, CV) Confusion matrix (ExtraTrees, CV)

1.0

e
@

No disease

o4
L=
Actual

Observed frequency
Q
FS

Disease

o2
o

o
o

0.0 0.2 0.4 0.6 0.8 1.0 No disease Disease
Mean predicted probability Predicted

Figure 4. Calibration curve (left) and confusion matrix (right) for the ExXitraes classifier
from crossvalidated predictions.

4. Discussion

This study presents a transparent, lealagerolled machindearning pipeline for coronary

heart disease classification on the Cleveland cohort. The best model, amriegsansemble,

reached an AUROC of 0.917 with strong specificity and gooithregiion, and the eight of
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fourteen classifiers clustered above 0.89 AUROC indicate that the problem is well separated by
the available features. Importantly, the predictors identified by an-eigtitod consensus
scheme and by SHAP were mutually consisterd clinically coherent, centring on chesiin

type, ST depression, diseasszbsel count, thalassemia status, maximum heart rate and
exerciseinduced angina.

Two methodological points deserve emphasis. First, thepsedly between the tree ensembles

and a regularised logistic regression echoes a broader message -stakah clinical
modelling: when a transparent model performs comparably, its interpretability is a decisive
advantage, and elaborate black boxes should not be adopted by defaultef®sid,Sour
explicit correction of the inverted target label in the popular CSV is not a technicality. Because
the inversion reverses the sign of every association, uncorrected analyses can report clinically
nonsensical directions of effect while still ag¥ing high accuraes failure that only surfaces

when explanations are examined against domain knowledge. This illustrates a practical benefit
of routine explainability: it functions as a dgisovenance audit, not merely a communication

aid [6].

Our desig also mitigates the optimistic bias that pervades benchmark studies. By confining
hyperparameter search to an inner loop and fitting all scaling inside training folds, the reported
estimates approximate genuine -oftsample behaviour more faithfully thaflat cross
validation [4,11]. Reporting confidence intervals, calibration and clinithdy-relevant
metrics rather than accuracy alone further aligns the study with contemporary reporting
standards for clinical prediction models [5,16].

Several limiaitions temper these findings. The Cleveland cohort is small (302 patients), single
centre and decades old; absolute performance should not be extrapolated to contemporary
populations without external validation on independent, prospectively collectedTehata.

public CSV has also been pecieaned, so our results do not reflect the misslizig handling

that a real deployment would require. Finally, SHAP attributions describe associational, not
causal, structure; they should guide hypothesis generation@del auditing rather than direct
clinical intervention.

5. Conclusion

A rigorously validated, explainable machilearning pipeline classified coronary heart disease

on the Cleveland cohort with high discrimination and good calibration, while surfacing
clinically plausible predictors through concordant consensus and SHAP analyses. Beyond the
specific results, the study highlights two transferable lessons for reproducible medical machine
learning: interpretable baselines remain competitive and should bréeeptongside complex
models, and explainability doubles as a safeguard against silent data errors such as the inverted
label documented here. Future work should validate the pipeline on external cohorts and
integrate distributiofiree uncertainty quantdation to support trustworthy deployment [17].
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NARRATIVE REVIEW OF RESAMPLING, ALGORITHMIC, AND EVALUATION
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Abstract

Class imbalancgvhere the clinically important outcome is far rarer than its alternatitiee

rule rather than the exception in medical machine learning: rar@sdiseadverse drug events,
treatment failures and malignancies all yield skewed datasets. Standard learners trained to
minimise overall error tend to favour the majority class, producing deceptively high accuracy
while missing the very cases that mattehisTnarrative review synthesises the methods
developed to address imbalance and, critically, the evidence on when they help and when they
harm. We organise strategies into three families:-datal resampling (random owveand
undersampling; the SMOTE faily, including BorderlineSSMOTE, ADASYN, K-Means

SMOTE and SMOTENC; undersampling refinements such as Tomek links and edited nearest
neighbours; and hybrids); algorithlevel methods (costensitive learning, decisigthreshold

tuning, balanced ensemblssch as Balanced Random Forest, EasyEnsemble and RUSBoost,
and imbalanceware deefearning losses); and generative augmentation. We then address
evaluation, arguing that accuracy and even AUROC can mislead under strong imbalance and
that precisionrecal analysis, the Matthews correlation coefficientn@an and calibration
should be reported instead. Using an illustrative experiment, we show that resampling can
improve minorityclass recall while simultaneously degrading precisewall performance and
probability calibration a tradeoff increasingly emphasised in the recent literature. We close
with practical recommendations, foremost among them that resampling must be performed
inside crossvalidation folds to avoid optimistic bias, and that probgbdalibration should be
checked whenever imbalance corrections are applied.

Keywords: class imbalance; SMOTE; resampling; esshsitive learning; medical machine
learning; model evaluation
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1. Introduction

Many of the most consequential prediction targets in medicine are rare. Malignancy among
screened lesions, mortality after a procedure, sepsis on a general ward, or failure-bha first

therapy may each occur in only a small percentage of patientaclmmelearning terms these

are classmbalanced problems, characterised by a large imbalance ratio (IR) between the
maj ority (typically “no event”) and minority
Because most classifiers are trained toimise overall error, they are implicitly biased toward

the majority: a model can attain 95% accuracy on a 5% prevalence problem simply by
predicting “no event” for ever y-&novwenfaluwehsi | e be
the accuracy paradoand it makes imbalance both a modelling and an evaluation challenge

[4,5].

The difficulty is not caused by skewed prevalence alone. Empirically, imbalance harms learning
most when it coincides with small absolute minority sample size, with class overdiapjth
“smal | d sparge suiclosterss 'of the minority that the learner treats as noise [1,6]. A
rare outcome that is nonetheless cleanly separable may be learned well; a rare outcome buried
within an overlapping majority is far harder. Recogrgdinese interacting factors is important
because different remedies target different causes.

Over two decades, a large toolbox has accumulated: resampling the-alagghng the loss,
restructuring ensembles, and generating synthetic examples. Thasv rexganises these
approaches, illustrates their behaviour,-aeélecting a maturing and more sceptical literature

- emphasises that imbalance corrections are not automatically beneficial and can distort
probability estimates that clinicians rely up@i. [Our aim is a practical, evideregvare guide

for researchers building medical classifiers on skewed data. Figure 1 summarises the strategy
landscape.

Class imbalance strategies

Data-level (resampling) | I Algorithm-level ‘ I Evaluation-aware

ROS, %‘ﬁg'sraEmgg‘rrglge:ﬂine— Cost-sensitive / Avoid accuracy
SMOTE, ADASYN, K-Means- class weights (accuracy paradox)
SMOTE, SVM-SMOTE, SMOTE-NC

Mg Threshold moving / Use AUPRC, MCC,
Under-: ling: 9 .
RUS‘”T;“':.?K.T.‘;”FENN, decision-threshold tuning G-mean, balanced acc., F1

NearMiss, cluster centroids

Balanced ensembles:
Balanced RF, EasyEnsemble,
Hybrid: RUSBoost, balanced bagging
SMOTE-Tomek, SMOTE-ENN

Check calibration
after resampling

Imbalance-aware losses: Resample INSIDE
focal, class-balanced, LDAM CV folds only

Figure 1. The landscape of clagmbalance strategies, grouped into datzel, algorithmlevel
andevaluationaware approaches.

2. The nature of class imbalance

Imbalance can be intrinsic to the domain (rare disease) or extrinsic (a sampling artefact), and it
may be relative (minority merely smaller) or absolute (minority also scarce in absolute count).
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Beyond the global IR, three data characteristics govern difficulty. Class overlap describes
regions where minority and majority distributions intermingle, blurring the decision boundary.
Within-class imbalance and small disjuncts arise when the mintseif comprises several
sparse suigoncepts. Finally, noisy or borderline instances disproportionately affect a small
class. A key practical implication is that remedies which simply equalise class counts do not
address overlap or small disjuncts, and reagn worsen them by amplifying noisy minority
points [6,8].

3. Datalevel methods: resampling

Datalevel methods rebalance the training set before or during learning and are attractive
because they are moemjnostic. The canonical oveampling method, SMTE, creates
synthetic minority instances by interpolating between a minority point and its nearest minority
neighbours, thereby enlarging the minority region rather than merely duplicating points [9].
Figure 2 illustrates the effect on a tdonensional gkample. A large family of refinements
followed: BorderlineSSMOTE concentrates synthesis near the decision boundary [10];
ADASYN adapts the number of synthetic points to local learning difficulty [1ijléans
SMOTE first clusters to avoid seeding noise BYM-SMOTE uses support vectors to guide
placement [12]; and SMOTFEC extends interpolation to mixed nomiraaidcontinuous
clinical features [9]. Undersampling offers the complementary route: random undersampling is
fast but discards data, while informedriants Tomek links [13], edited nearest neighbours
[14] and NearMiss [15]remove redundant, noisy or overlapping majority points. Hybrids such
as SMOTETomek and SMOTEENN oversample and then clean the boundary [16]. Table 1
summarises these methods.

After SMOTE oversampling

Majority (n=361) o Majority
® Minorif ty (n=39) @ Minority (original)
s SMOTE synthetic (n=322)

N\ N\

- ? Sl

O, v N 2R

Original imbalanced data (IR = 9:1)

Figure 2. SMOTE illustrated on a synthetic 90:10 problem. Left: original minority points are
sparse. Right: SMOTE fills the minority region with interpolated synthetic examples (green
triangles).

Table 1.Representative resampling methods for clagsdanced learning.

Method Family Mechanism Practical note
Random over o Duplicates minority instancey Simple; risk of over
: ver o .
sampling (ROS) at random. fitting exact copies.
Interpolates new minority .
SMOTE Over points between nearest Reduces ovefitting;
; may blur class overlap
neighbours.
BorderlineSMOTE Over Synthes_ls_es only near the Focuse_s_on hard regior
decision border. sensitive to noise.
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Generates morgamples Adaptive density; can

ADASYN Over where minority is harder to i y
learn. amplify outliers.
K-MeansSMOTE Over Clusters first, then over Mltlgates_ noise/within
samples safe clusters. class imbalance.
SVM-SMOTE Over Uses SVM support vectors t BordeFfo_cused;
place synthetic pots. costlier.
SMOTENC Over SMOTE variant handling Nee_dgd for mixed
nominal + continuous feature| clinical data.
Random under Under Removes majority instances Fast; discards
sampling (RUS) random. potentially useful data.
. Removes . Cleans boundary; sma
Tomeklinks Under borderline/overlapping ’
o ) effect alone.
majority points.
Edited Nearest Under Removes majority points Noise cleanin
Neighbours (ENN) misclassified by kNN. 9:
NearMiss Under Selects majority points close Retalns_lnf_ormatlve
to theminority. majority.
SMOTETomek / Hvbrid Oversample then clean the] Balanced + deoised
SMOTEENN y boundary. sets.

4. Algorithm -level methods

Rather than changing the data, algorilevel methods change the learner's objective or
structure. Costensitive learning assigns a higher misclassification cost to the minority class,
most simply via class weights inversely proportional to prevalence [17]. Threshold moving is
a closely related and often overlooked lever: because most dessifitput probabilities, the
operating threshold can be optimised on the training data for a clinically appropriate sensitivity
specificity balance without touching the data distribution. Ensemble methods pbrplbs$er
imbalance combine resampling tvibagging or boosting: Balanced Random Forest draws
balanced bootstrap samples per tree [18]; EasyEnsemble and BalanceCascade build ensembles
over multiple undersampled subsets to avoid discarding information [19]; and RUSBoost
integrates random undersammgl into boosting [20], as SMOTEBoost does with synthesis [21].

In deep learning, imbalan@vare loss functions focal loss, which dowsweights easy
majority examples [22]; clagzalanced loss based on the effective number of samples [23]; and
labeldistribution-aware margin (LDAM) loss [24] have become standard for skewed image
and signal datasets [25,26].

5. Generative augmentation

A newer strand replaces interpolation with learned generation. Generative adversarial networks
[27] and variational auteeoders synthesise minortjass examples that, in principle, respect

the true data manifold better than linear interpolation. In medical imaging,-lia&Bd
augmentation has improved minoritiass detection in tasks such as liesion classification

[28]. The promise is highdrdelity minority samples; the risks are training instability, mode
collapse, and the generation of unrealistic or subtly leaked examples. As with SMOTE,
synthetic data must never be allowed to cross from training into evalbaitisn

6. Evaluation under imbalance
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Choosing the right metric is as important as choosing the right method. Accuracy is actively
misleading under imbalance, and AUROC, though thresine&] can appear reassuringly high
because the large number of true negatives dominates thedalisige rate [4]. Precision

recall analysis (AUPRC / average precision) is more informative when positives are rare, since
it foregrounds performance on the minority class [5]. Simgimber summaries that account

for all confusiommatrix cells- the Matthews coslation coefficient and metrics that reward

both classes balanced accuracy and the geometric mean of class recafled6)- are
preferable to accuracy or the-B&ore, which ignores true negatives [29]. Table 2 summarises
these choices. Crucially, sampling distorts the base rate and therefore the meaning of the
predicted probabilities; models trained on artificially balanced data are typically miscalibrated
on the true prevalence and require recalibration before probabilistic outputs are trusted [7]

Table 2.Evaluation metrics for imbalanced classification and their behaviour under skew.

Metric Measures Relevance under imbalance
Misleading under imbalance

Accuracy Overall correct fraction
(accuracy paradox).
Ranking across all Thresholdfree but optimistic
AUROC .
thresholds under strong imbalance.
AUPRC / average - More informative than AUROC
. Precisionrecall tradeoff i
precision when positives are rare.
Sensitivity / recall Coveragecgstshe minority Directly reflects missed cases.
Balanced accuracy / | Mean/geom. mean of clas{ Rewards performance on both
G-mean recalls classes.
Harmonic mean of precisio| Ignores true negatives; thresholg
Fl-score
& recall dependent.
Correlation of predictions | Balanced single number;lyost
MCC .
and truth under imbalance.
Calibration (Brier, Reliability of probabilities Distorted by resqmpll_ng; often
curves) needs recalibration.

6.1 An illustrative comparison

To make these tradaffs concrete, Table 3 reports a fif@d crossvalidated comparison on a
synthetic 15:1 imbalanced dataset (2,000 samples, 6.5% minority) using logistic regression as
the base learner, with all resampling performed strictly inside the training folds. Two lessons
emerge. First, the untreated baselattains the highest accuracy (0.965) yet the poorest G
mean (0.708), the signature of the accuracy paradox. Second, resampling ssshsitise
learning substantially raise minoritriented metrics such as-iBean (to ~0.83) but, in this
setting, redce precisiosrrecall performance (AUPRC falls from 0.72 to ~0.59) and the MCC.
The balanced ensemble offered the best overall compromise. This pati@noved recall at

the cost of precision and calibrationis consistent with recent cautionary evidentat
imbalance corrections can harm rgtediction models rather than help them [7], and it
underscores that method choice must follow the clinical objective -{icaeg versus
calibrated risk).
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Table 3. lllustrative fivefold crossvalidated compar@a on a synthetic 15:1 imbalanced
dataset (resampling applied inside folds). Higher is better for all columns; note the divergence
between accuracy and minortyiented metrics.

Strategy Acc | AUROC | AUPRC | G-mean| MCC F1
None (baseline) 0.965 | 0.890 0.717 0.708 0.664 0.649
Class weight 0.852 | 0.907 0.589 0.825 0.413 0.410
Random ovesampling | 0.855 | 0.907 0.594 0.834 0.424 0.418
SMOTE 0.855 | 0.898 0.590 0.831 0.421 0.417
ADASYN 0.847 | 0.901 0.567 0.827 0.409 0.404
SMOTETomek 0.855 | 0.898 0.590 0.831 0.421 0.417
SMOTEENN 0.794 | 0.898 0.536 0.806 0.350 0.340
Balanced RF 0.923 | 0.910 0.672 0.821 0.525 0.545

7. Pitfalls and recommendations

Several errors recur in applied medical studies. The most damaging is resampling before cross
validation: if SMOTE or oversampling is applied to the whole dataset and the data are then
split, synthetic points derived from test cases leak into trainindgtim performance
dramatically and irreproducibly. Resampling must be embedded inside thevalidssion
pipeline so that it sees only training folds [30,31]. A second pitfall is applying SMOTE in high
dimensional settings, where nearasitghbour intguolation degrades and can fail to help or
even hurt [32]. A third is reporting only accuracy or AUROC -gass metrics, AUPRC and

MCC should accompany them, together with the imbalance ratio itself. A fourth is ignoring
calibration after balancing, whickilently breaks any downstream decision that depends on
absolute risk [7].

Accordingly, we recommend the following pragmatic workflow. Begin by asking whether
imbalance actually harms the chosen metric before intervening; fosemdrated problems,

no orrection may be needed. Prefer essntsitive learning and threshold tuning as first,
minimally disruptive options, since they leave the data distributioand thus calibratior—

intact. If resampling is used, embed it inside cnealgdation, favow informed variants suited

to the data type (e.g., SMOTNC for mixed features, #eansSMOTE for noisy data), and
compare several methods rather than trusting one [33]. Report the imbalance ratio, precision
recall performance, MCC and calibration, andafiicate probabilities when balancing has been
applied. Finally, treat balanced ensembles as strong, convenient baselines.

8. Conclusion

Class imbalance is intrinsic to medical machine learning, and a rich toolbox of resampling, cost
sensitive, ensemble drgenerative methods now exists to address it. Yet the central message
of the current literature is one of measured pragmatism: these corrections are not free. They can
convert a deceptively accurate but useless model into a more sensitive one, but ey ca
degrade ranking performance and, importantly, distort the calibrated probabilities on which
clinical risk communication depends. The responsible path is to match the remedy to the
specific cause and clinical objective, to evaluate with metricgespect the minority class, to

guard rigorously against leakage by resampling within evafidation, and to verify
calibration whenever the class distribution has been altered.
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ABSTRACT

To elucidate the influence of hot and cold pressing on the structural and superconducting
properties of MgB containing 10 wt.% magnesium stearate [MgkGs02)2], three bulk
samplesvere fabricated using the pelietclosedtube technique. One toloped MgB sample
was used as a reference, while two samples containing 10 wt.% #e{®). were compacted
either at room temperature (cold pressed) or at 250°C for 1 h (hot presse@mples were
subsequently sintered at 850°C for 2 h under an Ar atmosphere.

Structural and magnetic characterizations revealed that Mdd0>). addition slightly
reduced the superconducting transition temperatujéyTapproximately 1:31.4 K compared
with the reference sample. Despite this decrease, significant improvements in the critical current
density (J) were achieved. At5 K and 3 T,\Blueswere 231 x3®& c¢cm 2 for the r
sample, 3.67 x '0A cm 2 f-wrassed sample,handt4.86 *20 cm 2 for t he
pressed sample. At 20 K and 3 T, the correspondingldes were 7.39 x £08.92 x 168, and
1.25x16A cm 2, respectively.

The results indicate that Mg{(gH3s02)2 acts as an effeste carbon source for MgB
Hot pressing promotes more efficient carbon incorporation into thextgicture, leading to
enhanced lattice disorder, increased defect density, improved densification, and a more
homogeneous carbon distribution. These micoattiral changes strengthen flux pinning and
enhance superconducting performance under applied magnetic fields, demonstrating the
beneficial role of thermomechanical processing in cadmgred MgB bulk superconductors.

Keywords: MgB», hotpressing, magnasn stearate.
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1. INTRODUCTION

MgB: is a conventional loviemperature superconductor that became the subject of
extensive research following the discovery of its superconducting transition at approximately
39 K in 2001 [1]. It has attracted significant attention in superconducting reseaechecause
of its relatively high critical temperature among low temperature superconductors, simple
binary composition, low manufacturing cost, lightweight and low anisotropy. Unlike many
conventional superconductors that require liquid helium cooligB. can operate with
cryocoolerbased refrigeration systems, offering a more economical and practical alternative
for largescale applications. Consequently, Mdias been extensively investigated for use in
magnetic resonance imaging (MRI) magnets [Bhesconducting magnetic energy storage
(SMES), superconducting motors and generators [3], superconducting power transmission
cables, fault current limiters [4], particle accelerator components [5], andiidiresearch
magnets. Although MgBhas a widerange of engineering and industrial applications, the
practical performance of Mghs largely determined by its ability to sustain high critical current
densities under applied magnetic fields. The critical current dengjtpf(MgB. decreases
under hidn magnetic fields mainly because magnetic vortices become more mobile, resulting
in flux motion and energy dissipation within the superconducting state and leading to a rapid
decrease in the critical current density [6]. In addition, high magnetic fietdden the
superconducting state by suppressing the superconducting energy gap and reducing the density
of Cooper pairs [7]. Furthermore, pure Mgias relatively weak flux pinning centres [8], such
as grain boundaries, structural defects or secorutzagenclusions.

To improve the flux pinning ability of MgBunder high magnetic fields, various C
containing additives have been introduced into the MgBtrix. The effectiveness of these
additives strongly depends on their chemical compatibility and thiéittydo provide effective
pinning centres without significantly degrading the superconducting phase. Among the
numerous carbon sources investigated in literature because of resistivity osiigBure to
other chemicals, hydrocarbons, carbohydrates @olgmers as adding/doping powders to
MgB2> matrix [9-15] have attracted considerable interest owing to their ability to supply
effective carbon as pinning centres during heat treatment and to enhance the microstructure of
MgB.. Previous researches have whothat these additives can increase the upper critical
magnetic field (), the irreversibility field (), and the critical current densitycXdinder
applied high magnetic fields, by promoting carbon substitution and improving flux pinning [11,
14].

In the previous study [16], magnesium stearate [MgH&:02)2] was used as an additive
because of its high C content, relatively
temper atur e a balaOe, is3wedely used gy flBw agent and laant in
powderprocessing applications. During the he&attment process, magnesium stearate is
expected to melt and form transient liquid phase that can homogeneously diffuse throughout
the precursor powder mixture and promote uniformly distribution tuf the MgB structure.
Consequently, Mg(€Hzs02)2 is expected to act as an effective carbon source, contributing to
the formation of additional flux pinning centres into MgB/Joreover, as Mg(&H3502)2
includes magnesium content, it may partially congaés for Mg loss caused by evaporation
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during sintering, which could contribute to improved phase formation and a more homogeneous
microstructure.

In superconductors, high density and strong grain connectivity are key factors to achieve
superior supercondting performance, particularly under high magnetic fields. It is known
from the literature that the hot pressing is an effective technique to enhance the density of bulk
MgB:2 and improve the grain connectivity [17]. While the superconducting currensssnga
from one grain to another, poor connectivity acts as a barrier to current flow and thus limits the
critical current density. Enhanced densification decreases the amount of porosity and voids
within the material, resulting more continuous paths fectelcal current, reducing weak links
bet ween superconducting grains. Accordingly
employed to enhance the MgBulk structure and grain connectivity. In addition, to evaluate
the influence of hot pressing on the mstructural and magnetic properties of Mghith
Mg(C1gH3502)2 addition, hot and cold pressed samples were produced and the superconducting
properties of them were systematically compared.

2. EXPERIMENTAL DETAILS

Following the previousnvestigation on the influence of different adding ratio of
Mg(CigH3s02)2 on the superconducting performance of bulk MgBperconductor [16], the
present study focuses on the role of hot pressing. In particular, the different effects of hot
pressing andanventional cold pressing on the microstructure and superconducting properties
of Mg(C1sH3s02)2 added bulk MgBwere systematically examined.

Three bulk samples were fabricated using the pelletosedtube technique. An un
doped sample was prepared asfarence by conventional cold pressing at room temperature.
The two additional samples containing 10 wt.% MgtGs02). were pressed either by
conventional cold pressing at room temperature or by hot pressing at 250 °C for 1 h. After
pressing, all sampdewere sintered at 850°C for 2 h under an argon (Ar) atmosphere at 1.5 bar
pressure.

The influence of hot pressing was assessed through phase identification, microstructural
characterization, and magnetic measurements ushay Hiffraction (XRD),scanning electron
microscopy (SEM), and a physical property measurement system (PPMS), respectively. The
experimental results obtained from the-podssed and colgressed samples were directly
compared to clarify the effect of hot pressing on the supdtating performance of
Mg(CisH3502)2 added bulk MgB.

3. RESULTS AND DISCUSSIONS

Fig. 1 shows the XRD patterns of the reference sample and 10 wt. % dMgd®)>
added cold pressed and hot pressachples. XRD analysis confirmed that Mg#s a main
phase for all samples. The MgO secondary phase content increased for 10 wt f4-b40{C
added cold pressed sample. Using Rietveld analysis [18], -thtice parameters were
determined and obtained 8.084, 3.077 and 3.073 A for the reference sample [16] and 10 wt.
% Mg(CisH3502)2 added cold pressed [16] and hot pressed samples, respectivelylattea
parameter decreased for both Mg#d:s02). added samples. The shrinkage of thiatace
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paraméeer would be strong evidence for the C substitution into B sites, which causes disorder
in the MgB structure [19, 20], due to the contraction of thglane lattice, since the covalent
radii of C is lower than that of B, and the degradation of the ¢lipgta
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Figure 1. XRD patterns of the reference sample [16] and 10 wt. % Mg(eH3502)2 added
cold pressed [16] and hot pressed samples. The asterisk and plus symbols indicate bgB
and MgO phases, respectively.

Fig. 2 presents the SEM images of #iiedied samples. The Mg{§E3502)> containing
samples exhibited a denser and more compact microstructure, compared with the reference one.
The highest degree of densification and the most homogeneous microstructure were observed
in the hotpressed sample.

Fig. 3 exhibits the magnetic moment versus temperature, m(T) curves for the studied
samples. The superconducting transition temperaturg €lightly decreases with
Mg(CigH3s02)2 addition. The T values were respectively obtained as 37.55 K [16], 36.22 K
[16] and 36.18 K for the reference sample and 10 wt. % MEIED.)2 added cold pressed and
hot pressed sampleghe reduced density of states and the weakened elgdtaon coupling
are considered the primary reasons for the decrease im @-doped samples [21, 22]. In
addition, Clocated at grain boundaries anes@bstituted into B sites may increase ifgrain
scattering, contributing to the variation of[23], for 10 wt. % Mg(GsH3502)> added samples.
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Figure 2. SEM images of (a) the referencend (b) 10 wt. % Mg(CisH3s02)2 added cold
pressed and (c) 10 wt. % Mg(G@sHss02)2 added hot pressed samples
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Figure 3. Magnetic moment versus temperature, m(T) curves for the reference sample
[16], and 10wt. % Mg(C 18H3502)2 added cold pressed [16] and 10 wt. % Mg({H 3s02)2
added hot pressed samples
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Fig. 4 shows the magnetisation as a function of applied magnetic fieldHM#&u5 K
and 20 K for the studied samples. At 5 K, the thermomagnetic flux avalanches (flux jumps) can
be seen for all sampleshich are attributed to thermomagnetic instabilities associated with
high critical current density and insufficient heat diatign under local adiabatic conditions
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Figure 4. Magnetisation depending on magnetic fieldVi(uoH) curves for the reference
sample [16], 10 wt. % Mg(GsH3s502)2 added cold pressed sample [16] and 10 wt. %
Mg(C1sH3s502)2 added hot pressed sample at (a) 5 K and (b) 20 K

Based on the M(@H) curves in Fig. 4, the critical current densitie3 &1 5 K and 20 K
for all/l samples were <calcul
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presented in Fig. 5. The values at both measurement temperatures increased for 10 wt %
Mg(C1eH3502)2. added samples, compared to the reference one, especially at high magnetic

fields.
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Figure 5. Critical current density depending on magnetic field Jc(poH) curves for the

reference sample [16], 10 wt. % Mg(@sH3s02)2 added cold pressed sample [16] and 10
wt. % Mg(C 18H3502)2 added hot pressed sample at (a) 5 K and (b) 20 K

Table 1 summarizes thevhlues at 5 K and 20 K under an applied magnetic field of 3
T. The enhancement of -freld X in the cold pressed and hgressed samples with
Mg(C1sH3502)2 addition can be primarily attributed to the C substitution at B sites in the MgB
lattice, which increases the upper critical magnetic fieleb)(25]. This interpretation is
supported by the decrease iatice paraneter together with the corresponding suppression of
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Tcfor these samples. Furthermore, the microstructural improvement, characterized by increased
densification and enhanced surface homogeneity (see Fig. 2), is expected to strengthen grain
connectivity byreducing weak links between superconducting grains, thereby contributing to
the improvement in ifield k. The highestovalues were obtained #s86x1¢ A/cm? and
1.25x10d A/cm? for the hot pressed sample containifigwt %Mg(CisH3s502)2 addition These

results indicate that hot pressing is an effective processing route for promoting C substitution
and enhancing the microstructure of bulk MgBmples with Mg(@Hzs02)2 addition, resulting

in enhanced superconducting performance.

Table 1.The critical current density (Jc) values forthe reference [16], 10 wt. %
Mg(C1sH3s02)2 added cold pressed [16] and 10 wt. % Mg(£sH3s02)2 added hot pressed
samplesat 5 K and 20 K under 3 T applied magnetic field

Samples Jc (A/cm?)  Jc (A/lcm?)

5K, 3T 20K, 3T
Reference 2.31x103  7.39 x16
%10 Cold 3.67x10  8.92x1§
%10 Hot 4.86x13  1.25x10¢

4. CONCLUSIONS

In this study, the effects of hot pressing on the superconducting properties of
Mg(C1sHz502)2 addedbulk MgB: were investigated and compared with those of conventional
cold pressing. The results represent that hot pressing does not alter the phaseioonposit
MgB:2 and contributes to the reduction of MgO impurity phase in theJdgBcture. Moreover,
hot pressing effect is similar to cold pressing on thealue for Mg(GsHzs02)> addedbulk
MgB.. Hot pressing is more effective than cold pressing toawgthe flux pinning capability
of bulk MgB, under applied magnetic fields by enhancing the surface morphology and
increasing sample homogeneity and density. Therefore, hot pressing can be considered a simple
and effective processing technique for theifaing of Mg(GsH3s0.)2 addedbulk MgB; with
enhanced ifield X.

REFERENCES

[1] Nagamatsu, J., Nakagawa, N., Muranaka, T., Zenitani, Y., & Akimitsu, J. (2001).
Superconductivity at 39 K in magnesium diboriNature 410(6824), 6364.

[2] Majoros, M., Sumption, M. D., Parizh, M., Wan, F., Rindfleisch, M. A., Doll, D., ... &
Collings, E. W. (2022). Magnetic, mechanical and thermal modeling of superconducting,
whole-body, actively shielded, 3 T MRI magnets wound using MgjBands for liquid cryogen

free operationlEEE Transactions on Applied Superconductiv@®(4), 4.

[3] Terao, Y., Fuchino, S., Mawatari, Y., Yoshida, Y., Matsumoto, A., Sugano, M., ... &
Tanaka, H. (2023). Electromagnetic design of tiiigh speed superconducting motors applied
to electric pumps in liquighropellant rockets.Physica C: Superconductivity dnits
Applications 612, 1354320.

133



TROIA 4th INTERNATIONAL CONFERENCE ON APPLIED SCIENCES
July 17-19, 2026- CANAKKALE
ISBN NR. :978625879531-8

[4] Shen, B., Chen, Y., Li, C., Wang, S., & Chen, X. (2021). Superconducting fault current
limiter (SFCL): Experiment and the simulation from fingeement method (FEM) to
power/energy system softwatenergy 234, 121251

[5] Yamamoto, A. (2022). Advances in MgBSuperconductor Applications for Particle
AcceleratorsarXiv preprintarXiv:2201.09501.

[6] Bugoslavsky, Y., Perkins, G. K., Qi, X., Cohen, L. F., & Caplin, A. D. (2001). Vortex
dynamics in superconducting MgRnd prospects for applicationdature 410(6828), 563
565.

[7] Tinkham, M. (2004)Introduction to superconductivitCourier Corporatin.

[8] Dou, S. X., Soltanian, S., Horvat, J., Wang, X. L., Zhou, S. H., lonescu, M., ... & Tomsic,
M. (2002). Enhancement of the critical current density and flux pinning of -MgB
superconductor by nanoparticle SiC dopiAgplied Physics Letter81(18), 34193421.

[9] Liu, Y., Yang, Y., Ni, H., Cheng, C., Ke, C., & Zhao, Y. (2024). Significant enhancement
of Jc and flux pinning mechanism of MgBoped with PEGolymers.Physics Letters A600,
129376.

[10] Li, W., Li, J., Liu, Y., Qu, J., Liu, B.Zhu, M., ... & Zheng, R. (2019). Artificial 2D flux
pinning centers in MgB induced by graphiticarbon nitride coated on boron for
superconductor applicatiol8CS Applied Nano Material2(9), 53995408.

[11] Katsura, Y., Yamamoto, A., Ueda, S., lwayarmaHorii, S., Shimoyama, J. |., & Kishio,

K. (2007). Flux pinning properties of undoped anddped MgB bulks with controlled grain
sizes.Physica C: Superconductivity and its applicatiof80, 572573.

[12] Shekhar, C., Giri, R., Tiwari, R. S., Srstava, O. N., & Malik, S. K. (2007). Enhancement
of flux pinning and high critical current density in graphite doped Mg@perconductor.
Journal of Applied Physi¢402(9).

[13] Vajpayee, A., Awana, V. P. S., Balamurugan, S., Takaysltwamachi, E., Kisha, H.,

& Bhalla, G. L. (2007). Effect of PVA doping on flux pinning in bulk MgBhysica C:
Superconductivity466(12), 4650.

[14] Soltanian, S., Horvat, J., Wang, X. L., Munroe, P., & Dou, S. X. (2003). Effect of nano
carbon particle doping on the flux pinning properties of gBperconductorPhysica C:
Superconductivity390(3), 185190.

[15] Erdem, O. (2019). Comparative study leot and cold press and their effect on
superconducting properties of coronene added bulk MgBysica C: Superconductivity and
its Applications 565, 1353508.

[16] Erdem, O. (2026). Enhancement of the superconducting properties of bulk bygB
magnesiumstearate additionProceedings of the EGE 15th International Conference on
Applied Sciences(Vol. 1, pp. 44#457). Academy Global Publishing House.
https://www.egekongresi.org/kongkéaplari

[17] Yamada, Y., Nakatsuka, M., Nitta, A., Tachikawa, K., & Kumakura, H. (2007).
Superconducting Properties and Structure ebiln MgB, Tapes with SiC and TiC Addition
Prepared by Hot Pressin&EE Transactions on Afipd Superconductivifyl7(2), 29112914.

[18] Rietveld, H. M. (1969). A profile refinement method for nuclear and magnetic structures.
Applied Crystallography2(2), 6571.

134


https://www.egekongresi.org/kongre-kitaplari

TROIA 4th INTERNATIONAL CONFERENCE ON APPLIED SCIENCES
July 17-19, 2026- CANAKKALE
ISBN NR. :978625879531-8

[19] Lee, S., Masui, T., Yamamoto, A., Uchiyama, H., & Tajima, S. (2004). Crystal growth of
C-doped MgB superconductors: accidental doping and inhomogenddyysica C:
Superconductivity412, 3135.

[20] Eisterer, M. (2007). Magnetic properties and critcatrents of MgB. Superconductor
Science and Technolog®0(12), R47R73.

[21] De la Pefigbeaman, O., De Coss, R., Heid, R., & Bohnen, K. P. (2010). Elgufv@mmon
coupling and tweband superconductivity of Adnd Gdoped MgB. Physical Review &
Condensedlatter and Materials Physic82(22), 224508.

[22] Novko, D., Caruso, F., Draxl, C., & Cappelluti, E. (2020). Ultrafast hot phonon dynamics
in MgB:2 driven by anisotropic electrgphonon couplingPhysical Review Letterd24(7),
077001.

[23] Ojha, N., Malik, V. K., Singla, R., Bernhard, C., & Varma, G. D. (2009). The effect of
citric and oxalic acid doping on the superconducting properties of,Mgiperconductor
Science and Technologd2(12), 125014.

[24] Bean, C. P. (1962). Magnetizatiohhard superconductorBhysical Review Letter8(6),

250.

[25] Ye, S. J., Matsumoto, A., Zhang, Y. C., & Kumakura, H. (2014). Strong enhancement of
high-field critical current properties and irreversibility field of Mg&iperconducting wires by
coroneneactive carbon source addition via the new B powder cacbating method.
Superconductor Science and Techno)&jy(8), 085012.

135



TROIA 4th INTERNATIONAL CONFERENCE ON APPLIED SCIENCES
July 17-19, 2026- CANAKKALE
ISBN NR. :978625879531-8

STATKK Q A¢I SI DKNAMKK KNKKk MEKANKJKNK Y/

Dr . ¥]Jr . vyesi, Bur
| st an b uUnivasitési, gas@uelisim.edu-t00000003497 74886

Dr . ¥jr . ,yesi, Onur YI
I stanbul Gelisim Univer s0000000%8407212y i | di r

Ark. G°r ., kevval ¥
i stanbul Gelisim Uni vetr303000356146164e 0z k an

OZET

AmaccBu c¢al i1 smanin amacli, genc¢ kadin sporcul ar
kompozi syonunun di nami k i ni s mekani @gi Gzer
aktivitelerde go6riulen hatalicahprakebhagayampala
i¢cin Oonemli degistirilebilir biyomekanik ris
kompozisyonu parametrelerinin Landing Error
Pl ane Projection Asdhe i (MmMPRBA)Y ri.l e i1 iskisi a

Yontem:Cal 1 smaya sag alt ekstremite dominant 24
0.36 yil; BKi: 20.65 * 2.62 kg/m2). Vicut Kk
degerlendirilmistir. Statrk Qsacetslh endinlatt em
didzlem fotografl ar Uzerinden o6l cuO0l mastiar. l
frontal ve sagittal dozlemlerden 120 fps kam
FPPA Kinovea yamnmiallim eldulllmamitliar ak a

Bulgular: Sag Q ac1 s1 i-0.440, 3=6.@31) FeFs6l APPA (rhi®-d99, p=0.015)

arasinda negatif yonde anl aml iliskiler bu
arasinda pozitif yoénde 2aIn|l appd Q. 0G0 9)s.k i R esgarpet say
FPPA varyansini n 9%2a23g. 6Q sacniis ianciink Isaany sSRRRARA 0z
istatistiksel ol-Grak4,ang=anl06@)e.giRAC  ranPl=i zi
potansiyelolagsiak dedéer!| enmi s; duyarl 1l 1k %78
Ancak model i statisti ksel anlamlil i1 ga ul asma

Sonug:St ati k Q ac¢i si1 dominant ekstirlekni i a&kligsktdd n a
gorinse de tek basina kesin bi Oteyaadamyiksekar ac I

vicut yag orani, bel irli f r ontnaelgene hazdket m e k |
kalitesini bagi msiz olarak olumsuz etkil emek
Anahtar Kelimeler: ¥ n ¢apr az Baj, Diz Val gusu, Ki nemat

136



TROIA 4th INTERNATIONAL CONFERENCE ON APPLIED SCIENCES
July 17-19, 2026- CANAKKALE
ISBN NR. :978625879531-8

"YAPAY ZEKA TABANLI G¥RSEL ARAMA VE KKkKSI
TEKNOLOJK KABBHBLK ¢ERCEVESKNDE TRENDYOL DENE
DURTUSEL SATIN ALMA"

¥7r. G°r. keyda YILDI

| stanbul Si sl i skeayildiedakir@sisk.ede, lO@OR00B-16569273

OZET

Bu cali smanin amaci, yapay zeka tabanl gor s
kul Il ani ci deneyi mi (UX) Uzerindeki et ki sini
incelemek ve bu teknolojilerin tuketicilerctht r t tsel sati1 n al ma davrani
Trendyol 6rnegi Uzerinden derinl emesine an
yoéntemlerine dayanmaktadir. Veriler, son al't
zelligini <Kiwrldcatnemi Bl asrrel ddrumami s (durtidsel) a
yaptlandirrir Il mrs goéridsmeler yapilarak topl anr
Model i’ " nin (TAM) “"Al girlanan Kullanim Kol ayl
al larkart timdengel i msel i ceri k anal i zi ntiearet ab i t
sektoriuandeki yapay zeka uygul amal ar i (gor
ol usturmaktadir. Bul gul ar , gor sel aramani n |
kol ayl 1 g1 sundugunu, kisisellestirilmis one
algirl anan fayday.! maksimize etti gini goster
deneyimi, tuketicilerin rasyonél kded@emli exn duir re
ve dolayirsiyla diurtidsel satin alma davrani si

yapay zeka destekli-ei car et araclarinin sadece arama |
ol madir grni, ayni z amann dodl | tel keedteir ceik pd iakncsli @j iss

hitrzl andiran giuc¢l U0 birer stratejik arac¢c ol dug

Anahtar Kelimeler: Yapay Zeka, Gorsel Ar ama, Teknol oj i
Deneyi mi (UX), Diartiusel Sati n Al ma, Trendyol

137


mailto:seydayildiz.cakir@sisli.edu.tr

TROIA 4th INTERNATIONAL CONFERENCE ON APPLIED SCIENCES
July 17-19, 2026- CANAKKALE
ISBN NR. :978625879531-8

A COMPARATIVE EVALUATION OF DEEP LEARNING MODELS FOR SHORT -
TERM LOAD FORECASTING IN LOW -VOLTAGE SMART GRIDS

Assist. Prof. Dr., Faruk KURKER
Adiyaman Universityfkurker@adiyaman.edu-t0000000315449743

Abstract

Shortterm load forecasting serves as the main decisiaking challenge for operational safety
energy management and operational planning needs #adtiage distribution networks. The

study compared different deep learning models to determine their forecasting capabilities by
testing them on a multivariate lewoltage smart grid dataset which included electrical
measurements and environmental variables and temporal characteristics.donteixt, the

LSTM, BILSTM, CNN-LSTM, CNN-BILSTM, and CNNBILSTM-Attention architectures

were examined under the same data splitting strategy, preprocessing steps, sliding window
structure, and training conditions. The input data was structured to pghedadttive load value

at the next time step using multivariate observations from the previous 48 time steps. Modeling
and performance analyses were performed on the time series of the selected NO1 node. Model
performance was evaluated using the MAE, RMEEPE, sMAPE, nRMSE, and R2 metrics.
According to the results, the LSTM model was the most successful in terms of overall prediction
performance. The LSTM model demonstrated strong prediction performance with values of
MAE = 0.1859, RMSE = 0.2303, nRMSE7%6998, and R2 = 0.9735. In contrast, the GNN
BiLSTM-Attention architecture produced higher error values. Ablation analysis showed that
the attention mechanism did not improve performance on this dataset. The reported results are
valid for the selected NOiode and the or&eek data subset analyzed. Overall, it was observed
that model success depends on the architectural structure and data characteristics.

Keywords: Shortterm load forecasting; lowoltage smart grid; multivariate time series;
LSTM; CNN-BILSTM,; attention mechanism; model complexity

1. Introduction

Electricity load forecasting plays a critical role in the safe, economical, and efficient
operation of pwer systems; in particular, shdéerm load forecasting (STLF) stands out as a
fundamental decisieaupport tool in operational processes such as generation planning,
supplydemand balancing, energy trading, and system securij8[1Rising energy denmal,
the integration of renewable energy sources into power systems, and operational uncertainties
in distribution networks necessitate more accurate and timely forecasts of load behavior [4]
[7]. This is particularly important for monitoring notd@sed lod changes and evaluating short
term forecasting models, especially in looltage distribution networks.

A variety of solutions have been proposed in the literature to solve the load forecasting
problem, including classical tirrgeries models such as ARIM#£egression, and exponential
smoothing methods, as well as artificial neural network models, support vector machines, and
fuzzy logicbased models [2], [3]. In some cases, the nonlinear, nonstationary, and multivariate
characteristics of load data may cease the performance of classical methods in the forecast
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problem. Recently, however, deep learning methods have gained popularity because of their
capability to capture lorterm dependences in tinseries data; models such as LSTM, GRU,

and RNN have beeincreasingly applied in sheerm load forecasting applications [3].
Besides, the high success of Cibised models in local patterns detection has increased the
popularity of these models within hybrid frameworks combined with temporal models such as
LSTM and BILSTM [6], [7].

Nonetheless, it is impossible to say that more complex model architectures always lead
to better prediction results for any load data. Indeed, the level of variability in load data, the
periodicity of load data, the number of sansplthe sampling frequency, and the explanatory
variables used in modeling may significantly influence the performance of different models [8],
[9]. While the use of additional information such as meteorological variables, temporal features,
and electricabperation parameters improves the prediction accuracy, it may make models too
complex, leading to overfitting [5], [7]. Thus, even though hybrid approaches, data
decomposition techniques, and attention mechanisms have recently been developed to solve the
load forecasting problem, it is impossible to expect such approaches to outperform other
methods in all shotterm load forecasting applications [H1]5].

Additionally, recently multistep forecasting cases have led to broadening the scope of
shortterm load forecasting studies in terms of applications including electric vehicles' charging
stations, distribution systems, and residential load profiles[[1H] It can be seen that those
studies include investigations of LSTM based models, bHydeep learning algorithms,
attention based methods and model comparison analyses with respect to various data types.
However, it is seen that there is no similar improvement for the increase in model complexity
on each data set, so model selection shibelldone in connection with data properties.

In the light of the review of existing literature, the connection between model
complexity and forecast accuracy changes according to data properties. Namelyasextie
load profiles in the lowvoltage distribubn networks include multivariate data types which
should be investigated along with electrical data, distributed energy sources, environmental data
and timeseries data. In this way, the need for systematic comparisons of different deep learning
architectires under identical conditions and analysis whether complex architectures provide
any advantage on this data set arises.

Different from residential smart home energy consumption or demand side management
cases, the focus of this study lies on the muliatarload profiles of lowvoltage distribution
network nodes. The shetgrm load forecasting problem is studied by using the load profile
data obtained from the "Low Voltage Smart Grid Planning Dataset” which is araopess
data set on Kaggle platforf@0]. In this context, the performances of the LSTM, BILSTM,
CNN-LSTM, CNN-BILSTM and CNNBILSTM-Attention architectures have been compared
under identical conditions of data splitting, preprocessing, sliding window structure and training
process.

In thisrespect, the main contributions of the research can be stated as follows:

(i) Comparison of five different deep learning architectures on multivariate ekl
load profiles of a lowvoltage distribution network under the same experimental conditions;
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(i) Joint assessment of the shtatm load forecasting performance of LSTM, BILSTM,
CNN-LSTM, CNN-BILSTM, and CNNBILSTM-Attention models through error metrics and
diagnostic assessments;

(ii) Investigation of a multivariate input structure involving etesal, environmental,
and temporal variables in the scope ofdesitage grid load forecasting;

(iv) Evaluation of the contribution of the attention mechanism by conducting ablation
analysis and quantifying whether this part improves the forecast perfoenoa the relevant
dataset;

(v) Proof through a comparative analysis based on data properties that the rise in model
complexity does not always result in better prediction accuracy.

2. Materials and Methods
2.1. Dataset

In the current study, the "Low Valge Smart Grid Planning Dataset" accessible via the
Kaggle website [20] has been utilized. The dataset consists of the load profiles, electrical
operational variables, distributed energy generation, transformer assets, and grid topology
information of a lev-voltage distribution network. The data description provided in the Kaggle
dataset mentions that the data set has been created uswwgndamart meter measurements,
transformer records, and network structural layout. In this study;lmaskd timeseies data
extracted from the “load_profiles.csv' file have been used for-&rartload forecasting.

The chosen data subset is composed of the data recorded between January 1, 2025, and
January 7, 2025, with a 3f@inute time resolution. In this way, thatdset has measurement
data from 20 different grid nodes, with 336 time steps per node. Consequently, a multivariate
time-series data structure, including a total of 6,720 observation points has been formed. With
such a structure, it becomes possible teepke the changes in the load profile over time for
different nodes and evaluate the skertn load forecasting models comparatively. While the
dataset usually has measurements from 20 different grid nodes, in this study, only one of those
nodes (NO1) habeen selected for modeling and comparison of performance. For this reason,
the results of model performances mentioned in this study indicate the success of #feershort
load forecasting for the selected node.

The variables included in the dataset hbgen grouped in such a way that they cover
electrical, environmental, and temporal factors that can affect load behaviors. Electrical
variables include active power consumption, voltage, frequency, power factor, reactive power,
and distributed energy gem#ion. Environmental variables involve the temperature, solar
irradiance, wind speed, and humidity values. In addition, the timestamp and grid node ID
variables have been used to maintain the-8emges and nodeased nature of the dataset. The
variablesused in this study are presented in Table 1.
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Table 1.Variables Used

Variables Description

Node_ID Grid node ID

Timestamp Time data (3@minute measurement interval)
Load (kW) Active power consumption
Voltage (V) Voltage

Frequency (Hz) Frequency

Power Factor Power factor

Reactive Power (kVAR) Reactive power

DER Generation (kW) Distributed generation
Temperature (°C) Temperature

Solar Irradiance (W/m?) Solar irradiance

Wind Speed (m/s) Wind speed

Humidity (%) Humidity

2.2.Data Preprocessing

As a result of the preliminary tests carried out on the dataset, it turned out that there
were no missing observations (MissingCount = 0). The timestamp variable was formatted
correctly in accordance with the ddiee format, and the daset was placed in chronological
order. In order to maintain the multinode structure of the data, first of all, sorting of the
observations was carried out by the Node_ID variable, and then by the Timestamp variable.
This was necessary to preserve thestgaries structure of the data before modeling.

In order to improve the suitability of the time series for modeling, cyclical variables
were added, which are derived based on the time information. In this case, the time variable is
divided into two comporés using sine and cosine transformations. It should be noted that this
method allows preserving the cyclic structure of the time information and transferring daily
cycles numerically into the model.

Numerical input variables and the target variable weseare normalized to eliminate
the impact of different scales of variables on the analysis. After the normalization of the data,
the sliding window samples were created and split into the training, validation, and test datasets
while preserving the chronmgical order of the time series. Thanks to this procedure, electrical,
environmental, and time variables with different numerical scales could be used in modeling.

2.3. Descriptive Statistics

Descriptive statistics for the dataset are summarized in Talflal2ulation of these
statistics was performed in order to evaluate the properties of central tendency, dispersion, and
distribution of the considered variables.

Table 2. Descriptive statistics

Variable Mean | Median | Std Variance | Min Max Range |IQR Skewness| Kurtosis
Load (kw) 3.610 [3.620 |1.668 |2.783 -0.400 |7.270 |7.670 |2.530 |0.026 2.130
Voltage (V) 230.004| 230.000| 1.511 | 2.284 224.000| 236.700| 12.700 | 2.000 |-0.025 2.975
Frequency (Hz) 50.001 |50.000 |0.050 |0.003 49.800 |50.200 | 0.400 |0.060 |0.022 3.045
Power Factor 0.914 |0.910 |0.037 |0.001 0.850 |0.980 |0.130 |0.070 |0.017 1.844
Reactive Power (kVAR) | 1.566 1.460 0.850 0.723 -0.200 |4.230 4.430 1.210 0.535 2.748
DER Generation (kW) |0.258 |0.000 |0.584 |0.341 0.000 |2.270 |2.270 |0.000 |2.092 5.813
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Temperature (C) 30.041 | 30.000 |3.017 |9.100 19.700 | 40.500 |20.800 |4.100 |-0.004 2.935
Solar Irradiance (W ) 254.853| 6.550 | 310.074|96145.994| 0.000 |967.700| 967.700| 565.750( 0.686 1.802
wind Speed (m'$§ 2502 |2.490 |0.494 |0.244 0.410 |4.360 |3.950 |0.680 |[0.054 3.016
Humidity (%) 45.104 | 45.200 |8.665 |75.078 30.000 | 60.000 |30.000 |15.000 |-0.032 1.806

From the analysis of Table 2, it is evident that the mean and median values of the active
load variable are almost equal and that the skewness value ifokedt means that the
distribution of the active power consumption in the selected data subset has approximately
symmetrical structure. However, the negative minimum value of the load variable means that
the net load might demonstrate low or inverse \aldering certain time periods. This case
could be caused by the influence of distributed generation or by the definition of net power in
the selected dataset. Both voltage and frequency variables have low standard deviations. This
fact means that these eldcal parameters changed within a small range of values over the
analyzed period. On the contrary, the reactive power, distributed generation, and solar
irradiance variables demonstrated higher variability. In particular, the zero values of the median
ard IQR of the DER Generation variable indicate that a lot of distributed generation values are
zeros or almost zeros. The distinctive difference between the mean and median values and the
large standard deviation in the solar irradiance variable showHhisavdriable has a wide
distribution range due to the intraday variation.

In general, the dataset consists of relatively constant electrical quantities and more
volatile environmental and distributed generation variables. Such a combination allows using
the multivariate time series approach in the considered load forecasting problem.

2.4. Data Analysis

Correlation analysis and visualization techniques have been applied in order to
determine structural features of the dataset and relationships betweelesaB8alch analyses
have been carried out in order to analyze trends, periodicity, and variable relationships prior to
the modeling procedure. The correlation heat map presented in Figure 1 demonstrates linear
relationships between numerical variables. €lation analysis gives preliminary information
about the direction and degree of relationship between the load variable and the electrical,
environmental, and distributed generation variables. This result means that, while working on
the shorterm load foecasting task, one can use both historical data on the load values and
multivariate information as explanatory variables.
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Correlation Heatmap of Numerical Variables
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Figure 1. A correlation heat map showing the linear relationships between variables.

The load time series presented in Figure 2 demonstrates how the load varies
depending on the time. While analyzing this graph, one can notice that the load data
demonstrate some flctuations and recurrent patterns. That is why one can use such
modeling techniques which take time dependence into account.

Time Scries of 1.0ad
T T

Figure 2. A time series graph showing the tirdependent variation and periodic patterns of the load.

The heat map showing distribution of the load per hour presented in Figure 3
demonstrates the distribution of the load per hour and areas of temporal concentration
The variation of load values within specific hours means that there are daily cycles in the
dataset. That is why one can use the cyclical characteristics extracted from the hourly
data to take temporal regularity of the load into account in modeling.
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Figure 3. A heat map showing the periodic distribution of load by hour and day.

Figure 4 shows the relationship between solar irradiance and load using a scatter
plot. This plot allows for a visual examination of the distribution pattern between solar
irrad iance values and active power consumption. The observed distribution suggests that
it may be appropriate to evaluate environmental variables in the shofterm load
forecasting process. However, this relationship should be interpreted not as a causal effect
but as an inter-variable relationship that can be taken into account in modeling.

. Solar Irradiance versus T.oad

Load (kW)

N . | . | | . | . i
y 100 200 300 400 s00 600 00 s00 900
Salur Irradiance (W m)

|
1000

Figure 4. A scatter plot showing the relationship between solar irradiance and load.

In general, the results of the data analysis indicate that the load data exhibits time
dependent variations and diurnal cycle characteristics, and also displays a pattern related to
certain electrical and environmental variables. These findings support the rationale for the
multivariate time series modeling approach used in this study.

2.5.Modeling Approach

This study addresses the shiamm load forecasting (STLF) problem, and the model
inputs have been structured to include electrical, environmental, and temporal characteristics.
Within this scope, a multivariate input structure wastectdy combining electrical variables
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such as past active power consumption, voltage, frequency, power factor, reactive power, and
distributed energy generation; environmental variables such as temperature, solar irradiance,
wind speed, and humidity; ang/atical temporal characteristics derived from thofeday
information. The active power consumption variable was used both as an input variable
representing historical load information and as the prediction target for the next time step. The
general workibw of the data processing, feature engineering, modeling, and performance
evaluation steps applied in this study is presented in Figure 5.

Input Features\Voltage
Frequency Power Dataset Processing\Missing
Factor\Reactive Power DER Data Cleaning\Timestamp
Generation\Temperature Conversion\Node Selection
Solar Irradiance\Wind and Sorting
Speed Humidity Time

Target Variable\Load kW

Feature Sequence
Engincering\Temporal Generation\Stiding
Features\Hour sin cos Window\Window Size

Encoding 48\Horizon 1

Data
Preprocessing\Normalizatio
n\Z Score Scaling

Training
Configuration\Adam
Optimizer\Epochs
Train Validation Test Split 150\nBatch Size
32\Learning Rate
Scheduling\Earty Stopping

Deep Learning
Models\LSTM\BILSTM\CNN
LSTMICNN BILSTM\CNN
BILSTM Attention

Model Training and
Prediction

Inverse
Transformation\Denormaliz
ation

Performance Metrics\MAE
MSE RMSE MAPE SMAPE
Model Comparison NRMSE RZ\Median AE Max
AE Bfas\Residual Std
Explained Variance

Ablation Study\Without
Attention\nWith Attention

Best Model Evaluation
(LST™M)

Visualization\Actual vs
Predicted\Scatter
Plot\Residual Analysis

Figure 5. A general flowchart illustrating the data processing, modeling, and evaluation processes
used in the stud
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The timeseries data was restructured using a sliding window approach to make it
suitable for deep learning models. In this context, the window size was set to 48 time steps, and
the prediction horizon was defined as 1 time step. Since the subset d&tédset under
examination consists of 3finute measurement intervals, 48 time steps correspond to a 24
hour observation window. Each sample generated is configured to predict active power
consumption in the next a@inute time step using multivariate @pgations from the previous
48 time steps.

In the current implementation, modeling and performance analysis were performed on
the time series corresponding to the NO1 node selected from the dataset. The time series
associated with the selected Node_ID wated chronologically, and sliding window samples
were generated from this node’s time series.
from the previous 48 time steps for the same node were used as input; the target value was
defined as the &we load value for the same node at the next time step. This approach allows
the model to learn shetérm temporal dependencies specific to the selected node.

2.6. Data Splitting and Training

Following the data scaling and slidimgndow generation stepshe samples were
divided into training (70%), validation (15%), and test (15%) subsets while preserving the
chronological order. This means that the chronological nature of data is maintained throughout
the data splitting step. Here, the training sesisd to train the models, the validation set is used
to monitor the training process, and the test set is used to measure the performance of the final
model.

The optimization algorithm that was used to train the models was Adam. During the
training phasea maximum number of 150 epochs, a nhiatch size of 32, and an initial
learning rate of 0.0005 were used. Further, the learning rate was reduced gradually, L2
regularization was used, and gradient thresholding technique was used. Apart from these,
performance monitoring of the model is done using the validation data set, and early stopping
method is used to preserve the generalization performance. The same process is used to train
all types of models.

2.7. Performance Evaluation

Predictive performance difi¢ proposed models was assessed using various performance
metrics that are able to evaluate the level of error and explanatory power at once. Thus, MAE,
MSE, RMSE, MAPE, symmetric MAPE (sMAPE), normalized RMSE (nRMSE), and the
coefficient of determinatio(R?) were used as performance metrics. MAE is the measure that
evaluates the overall level of the model error, providing the average absolute error between
predicted and actual data. MSE and RMSE enable assessing the level of the error magnitude
distribution, giving larger weights to bigger errors. Finally, MAPE and symmetric MAPE
(sMAPE) make possible the relative evaluation of the model performance by means of showing
prediction error as a percentage. However, as the MAPE value may be numericallyesinsitiv
case of the small or negative values of load, this metric was compared to RMSE, sMAPE,
NRMSE, and R2. nRMSE helps in comparing models based on the normalization of RMSE
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values depending on the data scale. At last, R? is the metric that shows halaewmedidel is
able to explain the variance of the dependent variable.

Thus, using these metrics together provides the possibility to compare models by not
only the level of average error but also relative error, error dispersion, and explaostery

2.8. Model Comparison and Ablation Analysis

To compare the performance of shtatm load forecasting models, several deep
learning architectures were tested in this research work. In particular, LSTM, BILSTM, CNN
LSTM, CNN-BILSTM, and CNNBILSTM-Attention architectures were considered in this
case. All models were trained on the same dataset, performed the sgmecpssing steps,
used the same sliding window structure, performed the same split of the data, and had the same
training parameters. §b an approach can allow comparing the performance of these models
more consistently.

In addition to the CNNLSTM and CNNBILSTM architectures, which perform local
pattern extraction with CNN and temporal modeling at the same time, LSTM and BILSTM
models,which are aimed at capturing temporal dependencies only, were tested in this paper.
Furthermore, CNMNBILSTM-Attention architecture, which implements the attention
mechanism in the CNIBILSTM architecture, was considered in this paper as well. CNN
BILSTM-Attention was not proposed as the main model in this paper; it was used to evaluate
the influence of the increased complexity of the model and the attention component on the
dataset.

An ablation analysis of the attention mechanism was also performed iresberch
work. To do this, the CNNBILSTM model, which does not contain the attention component,
and the CNNBILSTM-Attention model, which contains the attention component, were
compared. Thus, the influence of the attention component on the predictimacycevas
guantitatively estimated using error metrics and the R2 value. This approach makes it possible
to estimate the potential advantage of the increased model complexity on thatimye grid
dataset.

Table 3 contains information about the main aedtural and training hyperparameters
of the compared models. The same optimizer, learning rate;batich size, regularization,
validation monitoring, and early stopping were used for all models in order to provide fair
comparison. Attentiofbased modetliffers from the CNNBILSTM model by applying the
sequence output from the BILSTM layer and then performing theatelition and lasstep
indexing.

Table 3.Hyperparameter settings of the compared models

Component / Parameter LSTM BILSTM CNN-LSTM CNN-BILSTM CNZ;EL&;EM i
Input features 12 12 12 12 12
Window size 48 48 48 48 48
Forecasting horizon 1 1 1 1.00 1
LSTM/ BiLSTM units 128 128 128 128 128
Recurrent output mode Last Last Last Last Sequence
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32filters, kernel

32 filters, kernel size

32 filters, kernel siz€

CNN layer 1 size 5 5 5
CNN layer 2 64 filtgrs, kernel | 64 filters, kernel size| 64 filters, kernel sizeg
size 3 3 3
CNN padding Same Same Same
Batch normalization Yes Yes Yes
Astention layer reads, 128 channel
Laststep indexing Yes
Dropout rate 0.10 0.10 0.10 0.10 0.10
Fully connected layers 64->1 64->1 64->1 64->1 64->32->1
Activation function RelLU RelLU RelLU RelLU RelLU
Optimizer Adam Adam Adam Adam Adam
Maximum epochs 150 150 150 150 150
Mini-batch size 32 32 32 32 32
Initial learning rate 0.0005 0.0005 0.0005 0.0005 0.0005
Learning rate schedule Piecewise Piecewise Piecewise Piecewise Piecewise
Drop factor /period 0.5/20 epochs| 0.5/20epochs| 0.5/20 epochs 0.5/20 epochs 0.5/20 epochs
L2 regularization le4d le4d le4 le4 le4d
Gradient threshold 1 1 1 1 1
Validation frequency 20 20 20 20 20
Early stopping patience 15 15 15 15 15
Shuffle Never Never Never Never Never

3. Results and Discussion

In this section, the shetérm load forecasting performance of different deep learning
models is evaluated comparatively. The findings are analyzed using error metrics and
diagnosticanalyses, and the impact of model complexity on forecasting performance is

discussed.

3.1. Model Performance Comparison

All models have been trained using the same data splitting approach, preprocessing
techniques, sliding windows and trainipgrameters. This technique enables the consistent and
comparative evaluation of the performance of different models. Performance results have been
given in Table 4. The performance results obtained in this part of research were estimated using

test example from the selected NO1 node.

Table 4. Model Performance Comparison

Model LSTM BILSTM CNN-LSTM CNN-BILSTM it’:'e'\r"’tiksm )
MAE 0.185926 0.189392 0.226637 0.207693 0.295788

MSE 0.053043 0.058475 0.081093 0.070239 0.156870
RMSE 0.230310 0.241816 0.284769 0.265026 0.396069
MAPE 10.565515 10.534878 11.491246 10.184426 20.719845
SMAPE 9.547691 9.481748 10.478627 9.700172 15.629238
NRMSE 7.699755 8.084405 9.520418 8.860368 13.241405

R? 0.973531 0.970821 0.959534 0.964951 0.921721
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MedAE 0.157690 0.141479 0.209521 0.185584 0.220041
MaxAE 0.565922 0.693024 0.757737 0.689961 0.951821
Bias -0.015295 0.018160 -0.097933 -0.023285 -0.173733
ResidualStd 0.232458 0.243920 0.270491 0.267053 0.360046
ExplainedVariance 0.973648 0.970985 0.964320 0.965221 0.936783

From an analysis of Table 4, it can be said that the LSTM model is the most successful
in terms of prediction performance. With MAE = 0.1859, RMSE = 0.2303, nRMSE = 7.6998,
and R2 = 0.9735, the LSTM model was thest balanced one among all models. In addition,
the small values of MaxAE = 0.5659 and ResidualStd = 0.2325 show that the LSTM model is
also a stable one in terms of forecasting stability and error dispersion.

The BIiLSTM model produced results similarttiose of the LSTM; in particular, it
performed slightly better in terms of SMAPE and MedAE values. The-BNISTM model,
on the other hand, produced the lowest value for the MAPE metric. However, when the RMSE,
NRMSE, R?, MaxAE, and ResidualStd metricsevraluated together, it becomes clear that the
LSTM model generally offers a more reliable and balanced performance. This situation
demonstrates that model success should be evaluated not based on a single metric, but by
considering various error and expéory metrics together.

The CNNLSTM, CNN-BILSTM, and CNNBILSTM-Attention models lagged behind
the LSTM model in terms of overall error magnitude and explanatory power. In particular, the
increase in the RMSE value to 0.3961 and the decrease in thtuRiw#@.9217 in the CNN
BILSTM-Attention model indicate that the increased architectural complexity resulting from
the attention mechanism does not provide a performance advantage on this dataset. Overall, the
findings reveal that an increase in model ptexity does not always result in higher prediction
accuracy and that model selection must be evaluated in conjunction with the structural
characteristics of the dataset.

3.2. Prediction Performance Analysis

Predictive behavior of the LSTM model (which damstrated the highest quality among
all considered models) was estimated using the comparison of actual and predictive load values
over the time series. Figure 6 shows the predictions obtained using the LSTM model along with
the actual values of active pemwconsumption for the chosen NO1 node.

55 Actual vs Predicted Load Profiles - LSTM Model (Node: N0O1)
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Figure 6. Comparison of actual and predicted load values for the LSTM model.

Based on Figure 6, one can note that the LSTM model successfully estimates the general
tendency of load variation. Prediction values bé tload follow its upward/downward
tendencies and provide the results close to the real ones especially during moderate load values.
However, some deviations occur near the points of peaks and troughs. This means that
estimation of the fast increases/des®s might be complicated in case of skemn load
forecasting problems. Smoother structure of the prediction curve compared with the actual
curve in some areas suggests that despite the success in estimating the general load tendency,
the model cannoeflect shorterm sharp increases/decreases. This observation coincides with
the performance characteristics shown in Table 4. The LSTM model provided the highest
forecasting quality among the models compared, including RMSE = 0.2303 and R2 = 0.9735;
howe\er, the deviations were still observed in the points with the highest variations. Thus, the
analysis of the time series shown in Figure 6 shows that the LSTM model successfully estimated
shortterm load changes in the dataset of the-lmitage grid. Thisoutcome supports the
conclusion that more complicated CNidsed hybrid models and attentioased architecture
do not provide the additional performance improvement over the LSTM on this dataset.

3.3. Regression Scatter Analysis

In order to furtherinvestigate the prediction accuracy of the LSTM model, the
relationship between the actual load values and the predicted values was examined with the
help of a scatter plot. Figure 7 demonstrates the distribution of the predicted load values by
LSTM modeland the actual load values of the chosen NO1 node, as well as the 45° reference
line.

55 Actual vs Predicted Values - LSTM Model (Node: N01)
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Figure 7. Scatter plot showing the relationship between actual and predicted load values for the
LSTM model.

Based on the information provided by Figure 7, it casden that the majority of the
data points gather around the 45° reference line. It means that LSTM model can predict close
to actual values and deliver accurate predictions. Specifically, it was noticed that the predicted
values are close to the referetice for low and medium loads.

At the same time, in some cases when high load is present, it was noticed that the data
points are farther away from the reference line and the predicted values are even lower than the
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actual ones. Thus, despite the succéssfpture of the overall trend, the model can provide
certain deviations of the predicted values in case of peak load. This result is consistent with the
findings of the comparison of the predictions in the peak and transition regions provided in
Figure 6.Based on the analysis of the regression distribution, it can be concluded that LSTM
model provides consistent predictions with high R2 for the chosen NO1 node.

3.4. Residual Analysis

Residual time series analysis was done in order to determine the edfgunediction
errors over time of the LSTM model. Figure 8 illustrates how the residual values, which
represent differences between the predicted values using the LSTM model and the actual values,
vary over time in the case of the selected NO1 node.

06 Residual Series - LSTM Model (Node: N01)
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Figure 8. Residual time series plot for the LSTM model.

From Figure 8 it can be concluded that the residual values are generally centered around
zero, which means that there is no clear tendency among them, thus, it can be assumed that the
LSTM model does nchave any systematic bias in its predictions. The fact that residual values
are mostly kept within certain boundaries proves that the LSTM model successfully captures
the overall tendency of the load.

However, the shoitterm increasing of errors takes g#ain some test samples. Such
deviations mean that the model can be partially detached from the real values in the
neighborhoods of peak and trough moments as well as in case of sudden change of the load. It
should be noted that such conclusions corr&létethe actual and predicted values comparison
illustrated in Figure 6 and scatter plot in Figure 7. In summary, the residual analysis shows that
the LSTM model demonstrates balanced error distribution free of systematic bias for the
selected NO1 node.

3.5. Ablation Analysis Results

In this section, the effect of the attention mechanism on model performance was also
evaluated. Since the attention component was added to theBdMEINYM architecture rather
than the LSTM model, the ablation analysis was cotedubetween the CNHBILSTM and
CNN-BILSTM-Attention models. Thus, the contribution of the attention component alone to
prediction performance was examined on the same hybrid architecture.

Table 5. Ablation analysis results
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Ablation

MAE

MSE

RMSE

MAPE

SMAPE

nRMSE

RZ

Without_Attention

0.207693

0.070239

0.265026

10.184426

9.700172

8.860368

0.964951

With_Attention

0.295788

0.156870

0.396069

20.719845

15.629238

13.241405

0.921721

Upon examining Table 5, it can be seen that adding the attengghanism to the
CNN-BILSTM architecture does not improve performance on this specific dataset. When the
attention component was added, the RMSE value increased from 0.2650 to 0.3961, the MAPE
value from 10.1844 to 20.7198, and the nRMSE value from 8.8604.2414. In contrast, the
R2 value decreased from 0.9650 to 0.9217.

These results indicate that the attention mechanism does not contribute to prediction
accuracy in this specific data structure; rather, it leads to a significant increase in eras. metri
Although LSTM delivered the best performance in the overall model comparison, this ablation
analysis was conducted specifically to isolate the effect of the attention component on the CNN
BILSTM architecture. The findings support the notion that moragiex architectures do not
automatically produce better results on every dataset.

3.6. Overall Evaluation

By analyzing the findings collectively, it can be stated that the LSTM model is the most
efficient one in terms of general performancerf@king predictions on the data subset related
to the selected NO1 node. The LSTM model showed balanced and consistent performance
among the other models with such performance indicators as MAE = 0.1859, RMSE = 0.2303,
NRMSE = 7.6998, and Rz = 0.9735. Adlalitally, the low performance indicators of MaxAE
and ResidualStd show that the LSTM model also performed well in terms of error distribution.

The BILSTM and CNNBILSTM models provided performance that was similar to the
LSTM model's or eveslightly better than the LSTM model's on some metrics. Specifically,
the BILSTM model showed the advantage in such metrics as SMAPE and MedAE, while the
CNN-BILSTM model demonstrated its advantage in the MAPE metric. Nevertheless, by
analyzing all the peoirmance indicators of RMSE, nRMSE, R2, MaxAE, and ResidualStd
together, it can be seen that the LSTM model is usually more reliable in terms of prediction
performance. The findings show that the performance of models should not be evaluated based
on only ae indicator, but by considering several error and explanatory power measures
together.

As a result of the ablation analysis, it was found out that the addition of the attention
mechanism to the CNHBILSTM model's architecture did not improve its perforwam this
case. Thus, the findings confirm that the increase of the model's complexity does not always
result in better prediction accuracy and the model performance depends on the structure of the
dataset. However, the findings related to the predigterformance are only applicable to the
NO1 node and the time interval considered in this study.

4. Conclusion

In this study, the shoeterm load forecasting problem was addressed using a multivariate
time series dataset from a lewpltage distribution netark, and the LSTM, BILSTM, CNN
LSTM, CNN-BILSTM, and CNNBILSTM-Attention models were compared under the same
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experimental conditions. Modeling and performance evaluation were performed on the time
series of the NO1 node selected from the dataset.

According to the results, the LSTM model was the most successful in terms of overall
forecasting performance. With values of MAE = 0.1859, RMSE = 0.2303, nRMSE = 7.6998,
and R2=0.9735, the LSTM model provided lower error and a higher level of explanatory power
compared to the other models. However, it was observed that the BILSTM andB{LSNM
models were able to produce results that were close to or slightly better than the LSTM in some
relative error metrics. Therefore, it was demonstrated that model perfenséwould be
evaluated using multiple error and explanatory power metrics rather than a single metric.

Ablation analysis showed that adding an attention component to the BUMNIN'M
architecture did not improve performance on this specific dataset. Wheattdrgion
component was added, the RMSE value increased from 0.2650 to 0.3961, while the R? value
decreased from 0.9650 to 0.9217. As a result, this finding proves that a more complex
architecture does not always mean better performance and shows tinaidtieperformance
is highly dependent on the structure of the dataset.

Thus, this research has proven that the choice of the model fortestmorioad
forecasting in the lowoltage distribution network is associated not only with the complexity
of the achitecture of the model but also with the periodicity and variability of the dataset, as
well as its time structure. Nevertheless, the findings of this research are limited to a certain NO1
node, a part of the dataset, the time period, and particulagaaation of the models.
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BKR KKMYASAL TEBMRSNEK&Y®® VE UPS ¢ALI k MA
KOKULLARININ G!¢ FAKT¥R! VE AKIM HARMONKKLE
ETKKLERK
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OZET

Bu cal 1 smada, 160 kVA anma guciune sahip bir
ki myasal tesi keladittesyiedkiayanl!| igergilyee donidk ol a
yukl 0 calirsmasinda reaktif giuc¢ kompanzasyont
UPS Dbesl eme hattinda arsivde nor mal, bypas:
eti ket !l eman diug ugraul tkar st lastiri I mstir. Deger
faktoria, yer degistirme guc¢ faktoérid, ortalam
aki mi arali1 k indeksi ve notr il etken aki1i mi

kayrtta toplam gu¢ faktora 0, 717, devre di s

birlikte, toplam aktif gucteki ve oO6zell ikl e
nedeniyle bu degisim yalnizca konpamasym@syYyon i
devrede ol duédlu gitki fla&kyotrtian tfna2d, 987 ol mas1 , f
dagit l rminin sahada dogrul anmasini gerektiren
dengesi z kondansator baglaadnitri.s iBEin ytlekks ebka sd eng
kaydinda goér ul mesi ve UPS topol ojisi il e oI
ol mas.| nedeniyle harmoni k kaynagi! yalni zca
kaydedil en ¢ok yiuksekrarfotsru ak iamligr icnithna zi syea p:
har moni k bil esenl eri baki mindan dogrul anmas.]
veril eri kull ani Il amadi grndan ve kayitlar ay
ol dugundan sonustardeéedgr!l uygahbubldodeul amasi na

incelemesi ol arak degerlendirilmisgstir.

Anahtar Kelimeler: Gug kalitesi, guc faktoru, reaktif gi¢ kompanzasyonu, kesintisiz gig

kaynagi, akim harmonikleri, faz dengesizligi
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THE EFFECTS OF COMPENSATION AND UPS OPERATING CONDITIONS AT A
CHEMICAL PLANT ON POWER FACTOR AND CURRENT HARMONICS

Dr . ¥jr. i yesi Ahme
Bitlis Eren Universitesi, ElektrdE|l ekt r oni Kk Miuhendi s |

anur@beu.edu.trhttps://orcid.org/00090065671-6923

ABSTRACT

This study retrospectively evaluates seven snapshot ppvedity records obtained at a
chemical plant supplied by a 160 kVA transformer. Measurements recorded at the loaded main
panel with reactive power compensation in service and out of service wgrarearwith three
operating conditions on the UPS feeder, labelled in the archived dataset as normal, bypass/out
of service, and online/doubnversion. The assessment used total and phase power factor,
displacement power factor, mean current total haredistortion (THD_I), a phaseurrent

range index, and neutrabnductor current. The total power factor was 0.717 in the
compensatiofon record and 0.596 in the compensatdinrecord. However, substantial
differences in total active power and espegiaill Phase 3 active power prevent this change
from being attributed solely to compensation switching. A repeated Phase 1 power factor of
0.987 in the two compensatiam records indicates a phasgecific pattern that warrants field
verification of load ad capacitotbank distribution, but it does not by itself prove an unbalanced
capacitor connection. Because the highest THD_| occurred in the bypass record and the UPS
topology and exact measurement location were not fully documented, the harmonic source
cannot be isolated to the UPS rectifier alone. The unusually high neutraht readings at the

main panel also require verification of currér@nsformer ratios, instrument configuration, and
triplen-harmonic components. Since voltage harmonic distontvas unavailable and the
records were nerepeated snapshots obtained under different loading conditions, the findings

are presented as a diagnostic case study rather than a starmhaptiance assessment.

Keywords: Power quality, power factor, reactiveyer compensation, uninterruptible power

supply, current harmonics, phase imbalance, neutral current
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1. GKRKK

Kimya endiustrisindeki dretim tesisleri; mo t
sistemleri, otomasyon eerkii pgmabn| arair kviet beillegkit rii
sahip yukleri ayni dagitim sistemi Uzerinde
ol an kontrol ve haberl esme yukl eri cogu tes
beslenmektedir. Gu¢c elk t r oni g i déonustiardcul eri ve dogr
ol mayan aki ml ar cekebildi ginden, tesis i¢i
bil esimine bagli olarak O6nemli o6l cude degi sm
Sindgzoi dal ol mayanoglaédmsgac kbagkt a1 pdhni zca
bil eseni arasindaki faz farkini ifade eden y
sekl i bozul mas:| da toplam giuc¢ faktoéridnid aza
degi st ifranked 6glugnun birli kte degerl endiril mesi
bozul masinin etkilerinin beti msel ol arak ayr
i K far kIl anda Ol culen guc¢ f akt diginuyuikde ger |
buyukl daggud ve yiuk bilesiminin yeterince benze
Reaktif gi¢ kompanzasyonu, temel frekanstaki enduktif reaktif glic talebini azaltarak yer

degi stirme guc¢ faktoriuniu iyilestirmek amaciy
fazlam go6re dagi |l 1 mi, yukl erin dengesizligi, h
degerl endiril medi ginde faz bazl asir.i veya
cit kabi lir [1,2]. Bu nedenl e kompagigfadbéyionun ¢
degeri Gzerinden degil, faz bazindaki aktif
kademe bilgileri ve es zamanli1 yiuk kosull ar
U¢g fazli1 dort telli sistemlerdesndtigiakimiyse
0zelli kle sifirr sira karakter:i gosteren uc¢l @
fazli1 yuklerin yaygin oldugu sistemlerde faz
yiuksek rms aki mi Bluu smebd d mleekt e di a @BHs 6] Nnotr
akimlari1 nin har moni k spektrumu, akim trafo
yaptlandirmasit dogrul anmadan tek bir nedene
UPS sistemlerinde giris aknunmithuaou htae knoawli &j il
filtresine veya aktif guc¢ faktoériuo diuzelt me vy
Ol ¢cumin UPS girisinde ya da <¢1 kisinda yapil
anahtarl amal i gucg kaynaigml awil kldagintiinm hialren

transformatérl erde ek kayli plara neden ol abi
0l cul en harmoni k akirm dogrudan UPS dogrul tu

modl ar | arasi ndaki k amus ivlea sbtaigrl ma | yairkdlae re me rdj ei
acl kca belgelenmelidir.

Har moni k uygunl uk degerol2endigremeallam rdke alkkEE b
kul l ani ci ortak bagl ant noktasinda (PCC) e |
tal ep wiak dakylarhi toplam talep distorsiyonunu
Olcim ve gruplama yontemleri IEC 610@607'de, gic kalitesi parametrelerinin dlgim
yontemleriise IEC61068-3 0" da tani ml anmaktadir [9,10]. Bt
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kokluari1 farkli1 kayirtlar standart uygunlugdgu g
belirlemek ve ayrintili1 saha o6lc¢cumlerini yon
Bu c¢calirsmani n amaci , bir kimya tesisiane ait
panonun yuklud durumunda kompanzasyonun devr e
guc¢c faktorid ve akim gostergesi farkl il 1kl ar
ol arak etiketlenen kayitlarfadabdki gpicdéagktl dtm
ver i kalitesi il e 6l cidm sinirlamal ar i1 ni birl
standart wuygunluk testi olarak degil, saha d

bir vaka analizi olarak tasarlamns t 1 r .
2. MATERYAL VE YONTEM

2.1. Tesis ve °l-¢m kayetl are
Veri seti, kimya tesisini besleyen 160 kVA a
dort tel | ( 3F+N) dagirtim sisteminde 2010
Olcimindero | us makt adi1 r . Kayirtlar anli1 k (snapshot)
markamo d e | i dogrul uk si1ni1 f1, akim trafosu (C°
UPS'"in anma gucl ve topolojisi il e o6rmhicim pr
bul undugu bilgileri yer al mamaktadir. Bu ne.
yapt Il mamis ve eksiklikler calismanin temel s

¢izelge 1. Kncelenen °]-¢m noktalarée ve Kk
Kod Ar s ikivicle etiketi Anali zdeki kul I
M1 Ana pano Komp. ON (genel) Faz bazli1 gug¢ faktorda
M2 Ana pano yikli ikem Komp. ON Kompanzasyon ON/ OFF
M3 Ana pano yiklli ikea Komp. OFF Kompanzasyon ON/OFk ar s1 | as't
M4 UPS- Normal (Komp. ON) UPS ¢ali1 sma dur umu
M5 | UPS-Bypass/ Devre d UPS ¢ali1 sma dur umu
M6 UPS-Onl ine/ Cift d UPS c¢ali1i sma dur umu

ON)

M7 I sl et meKormmpe®Ne | i Bagl amsal kar si |

2.2. Olgtilen ve turetilen buyuklikler

Her o6l ¢cum noktasinda faz bazinda aktif gic¢ (
(S1, S2, S3) , rms akirm (11, | 2, (3) N)rms$ egers
akim harmoniR1lyiuozdeeleeri e B, faz bazinda ve
dedgi stirme giuig fakt or 0 (DPF) ve faz bazi n:
kaydedi |l mi stir. Ci zel gel ar da c¢&W,ueakiiftgiclkvar | i g i
ol arak gdsteri |l mistir. Toplam aktif ve reak
kull anit |l arak hesaplanmistir:
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P_top=P1+P2+P3
Q top=Q1l+Q2+Q3
lLort=(11+12+13)/3
THD l,ort = (THD_I1 + THD_[2 + THD_I3) B
I aral i1 k (2%min~Il ¢rtf{xI100ma k s
k_boz = PF_top / DPF _top

Burada | _arali1 k, U0¢ faz akim arasindaki ara
beti msel bir indekstir. Bu bdya«xtl airkd d rEtC bviery ¢
dengesi zligi gostergesi degi l dir v e negat
kull anit | mami stir. k _boz orani Il se toplam gug
i ¢cin kul lKkanbiolzmidsetgerr;i 1ldal gli Isiekg ér dloizuf analsn y\y
i fade eder, ancak dogdgrudan enerji kaybi anl a
2.3. Analiz yaklakemé ve dejerlendirme séneér|l
Her cal i sma Kkosulu I ¢cin yalnizca tek bir Kk
uygul anmami sermuel ak adégerlbeti msel ol arak k:
ON/ OFF kayrtl ar ayni y Uk al tinda al 1t nmad.
kompanzasyon et ki si ol arak degil , kompanzas)
degi simi hubdbturduuge bayr t farkl il 1kl ar ol ar ¢
modl ar | icin de bagl yukl erin sabit kal di g
konumu temsil ettigi dogrul anamamistir.

IEEE 5192 0 2 2 aclsindan biresuygyapwulkmadre gsetrilre n dEk
nedenl eri ; 6l cim noktasinin PCC olarak dogr
talep yuk akirmi oranitnin ve TDD'nin bulunmam
verilerinin kullagrhamamasvdl konSoonbtblbasaha
gostergeler olarak ele alirnmistir.

2.4. Veri kalitesi kontrolleri

Yedi 6l cim noktasinin tamaminda gerilim topl
0,000 olarak kaydedi lemiist ibro.]l oAy rer i adegi wiif 1 d
degerleri bulunmasi, bu kayitlardaki sifirl a
0l ¢cim kanal i1 nin etkinlestiril memis veya di
disiundiurmektedi U. aBal neeedla@di THBdIi | memi stir.
Ana pano kayrirtlari ndaki Il N degerlerinin ort
ol makla birlikte, 0l cialen THD_I duozeyl eriyl
gerektirmektedir. Barnedehhe madotzaakami ssool
orani , pol arite, ci haz baglanti1 s, Ol cum 01 ¢
dogrul anmasi gereken kayitlar olarak raporl a
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3. BULGULAR VE TARTI kMA
3.1. Ana pano yukli durumda kompanzasyo® N/ OFF kayétl ar é

Ana panonun yuaklI G cali1 smasina ai'¢t kompanza
karsilastirri |l mistir.
¢izelge 2. Ana pano y¢kl ¢ durumda kompanzasyon
Olgum P top| Q_top | PF_top| DPF_top | THD_I, | Lort | I_N Il _ar
durumu (kW) (kvar) ort (A) (A) (%)
(%)

Komp. ON | 66,453| 57,337 | 0,717 0,718 3,99 | 139,9| 250,84| 34,32

Komp. OFF | 46,816 49,548 | 0,596 0,597 3,44 | 115,1| 219,40] 10,42

Kompanzasyonun devrede ol dugu kkaay ittttaa POF,_ 5 %6

mutlak fark 0,121"dir. Ancak ayni i ki kayirtt
49,548 kvar'dan 57,337 kvar'a (%15,7) ve | _c
Dol ayirsiyla daha yuksek tduiagk fod katréarkt , a zrad arkats
gercekl esmemi stir. Bu bulgu, yuk buayudakl dgiu v
anahtarl amasinin incelendigi kontroll G bir k
Faz bazindaki kay tikompanzasyoi @Nidaragmunda 20018&W,OFF g
durumunda 1,289 KW ti1r. Yakl asi k on bes kat/l
oneml. i bir yukin devreye girip c¢ci1 kmis ol abi
degerindeki yUksien m&g&oindamseat badakradiemesi nden
bil esiminden kaynakl andi g1 mevcut veriyl e
performansi ni dogrul amak ic¢cin ayni yuk al tir
ve faz bazinda Qeklidgzaretl erinin kaydi ger
THD | ,o0ort deger.i kompanzasyon ON kaydinda %3
yuzde puanli k fark kiocik ol makla birlikte
anahtarl amasi na bagl anamaz. Kondangdgksmidor | er i
degerl endir mek i ¢cin faz bazinda har moni k S
empedans!t ve rezonans taramasi1 birlikte ince
I N/ 1 _ort orani kompanzasyon ON kaydinda yak
degertireri,| etk ende yiuksek si1fi1r siral/liagc¢cld har
THD_1, ort degerl erinin yakl asi k %4 ol mas:
yaptlandirmasinin da kontr ol edi |l mesini zoru
%34, 32, OFF kaydinda %10,42 ol masi ise 0Ol c¢cum
far kil i ol dugunu destekl emektedir.
3.1. 1. Faz bazénda g¢- faktorg¢ °regnt sy
Ana panoya ait UO0¢ kayrttaki f awerbialzmingdtai rg.u ¢
¢izelge 3. Ana pano kayeéetl arénda faz ba:
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Ol cum nokt asi PF1 PF2 PF3
(Fazl) (Faz2) (Faz3)
Ana pano- Komp. ON (genel) 0,987 0,462 0,558
Ana pano yukli Komp. ON 0,987 0,631 0,532
Ana pano yuklt Komp. OFF 0,791 0,946 0,052
Kompanzasyonun devrede ol dugu +4lkiinayi gekayat
farkli1 bir yiok/reaktif glu¢ davrani sina
gu¢c faktoriuo degerl eri k 0 n dnagnessai tz6 r b i geri unbduen ulna
kani tl amaz. Ay ni ordnt 0; faz yuklerinin
yoéntemi nden, reaktif giuc¢c isaretinden veya
degerl endirme ic¢cin fandhhazsanda Radem@ dadé¢ aln
0l ciumleri ayni zaman ekseninde incel enmel
Kompanzasyon OFF kaydinda PF3"0n 0, 052
kW ol dugu bilgiyle bir]l kte deger | ghksdki ri | me
reaktif/ goérundr giuc¢ kosullarinda gu¢ faktor
daha duyarl. hale gelebilir. Bu nedenl
hakkinda tek basina bir kanit ol arak kul
32UPS hatténén farkl é -alékma durumu kayétl ar é
UPS hatti1 na ait uc kay1t, arsivdeki

karsilastirii3mi suPISt .pelrBE@remaths0 ve

cal 1 s ma

ayrint. I i sl evsaekt asdinri f[lla2n]d.1 r Meav ckwtl [ aarngm v de
dondasum’ eti ketlerinin elektriksel ol ar ak
yalnizca kayiltt etiketi olarak ele ali nmi st
¢izelge 4. UPS - al eéxma durakmum khaayrémd mir k&lnedrai
UPS kayit e P_top PF _top | DPF_top| PF/DPF | THD_l,ort
(kW) (%)
Normal (Komp. ON) 4,602 0,870 0,931 0,935 37,51
Bypass/ Devre d 6,012 0,890 0,977 0,911 42,51
Online/ Cift don 4,553 0,873 0,932 0,937 36,95
¢izelge 5. UPS -alékma durumu kayeéetl arénda
UPS kayilrt et |_ort I_N I_N/I_ort I _ar g
(A) (A) (%)
Normal (Komp. ON) 7,81 7,86 1,006 21,58
Bypass/ Devre di 9,86 10,25 1,040 82,24
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Online/Ciftd 6 n i s Um ( Ky 7,75 7,74 0,999 22,48
UPS hattindaki THD |, ort degerl eri tum kay.l
bypass/ devre di s durumda %42,51 ve onlinel
ana panonun yUkli durumundaki %3%899 aal 1 g1 ni1 n yakl asi k on ke
besl eme kolunda guc¢c el ektroni gi tabanl ve
gostermektedir. Bununl a birlikte, har moni k
soyl enemez. En yiuksekkaWyHD nildadeg®eruil mersi by pbagy
dogrul tucul ar, bypass enerji yol u, yukl enme

Olcim konumu gibi etkenlerin birlikte incelenmesini gerektirir [5,7,11].

PF/ DPF oranl ari1 nor mdlg,i nbyspasass 1we ao nil,i9n3e5 , k ady,
gore toplam gu¢ faktoridnin DPF'ye goére gorel

kaydinda hem THD_I hem de bu gorel] farkin e
kaylrtta dahanbelgidorsgiem mekdadgir ; ancak far kI
dagit l 1 mi nedeniyle bu sonu¢ UPS modunun tek
Bypass kaydinda | _arali k %82, 24" e ul asmi s,

n
ve %22, 48 .olHmuns tf az ak 1 ml a+licin b4ppAaBaRicid 83I7u mu n d ¢
Ave Faz3 i ¢in 6, 5l6 aX'tdnirn.i nFazel i rgin yuksekI i

dagirl rmrnin veya baglanti gliuzergahinin diger
Bu ol asi |1 k, UPS t ek h a¢ 1 fogyepneassst  avkel me s6 | z din
dogrul anmal 1 dir.
Nor mal ve online kayitlarinda P_top, I ort,
birbirine yakin ol masi, bu md&kt aklaayrdiinn  bteennzs
ol abil ecegini diusiundirmektedir. Ancak arsivd
modun genel ol arak ayni guc¢ kalitesi perform
3.3. Ana pano genel kmayk@&rkéleaktkérédlmmagenel i
Ana pano genel kaydi ile isletme geneli kayd
referans saglamak amaciyla Cizelge 6'da ver.i
¢izelge 6. Ana pano genel ve ikKletme genel]
Olcimn okt as | P_top | PF_top| DPF_top| THD_l,ort |_ort
(kW) (%) (A)

Ana pano- Komp. ON (genel) 16,999 | 0,669 0,674 11,83 36,81

| s et meKorgpe@Ne | i| 12,521 | 0,722 0,728 9,78 25,04
i sletme geneli kaydinda PF_top dedJeri rnden ada
yuksek, THD_1, ort ise %9,78 ile %11,83"ten
ortalama akim da farkl i1 dir. Ol ¢cum noktalar
ol madi g1 ndan, bu farklar biroekhrpkhagovembanse
tesisin degisken yuk bilesimini gosteren iki
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3.4. Standartlar a-éséndan yorumlanabilirlik
Bu cali smadaki THD_ | degerleri, harmoni k aki
5192 022' de PCC ic¢cin akim sinirlari1 TDD ve | _s

verilerle |IEEE 519 uygunlugu hakkinda 'uygar
pano veya UPS hattinin PCC ol up ol kmadun g1 ,

bilinmemektedir. Bu nedenle 6zellikle %384 3 ar as i1 ndaki UPS THD_ I (
akirminin giuc¢cld bicimde bozul dugunu gdster mek
astl dir gt anlamina gel mez.

IEC 610004-30:2025, guc kalitesi parametrele i ¢i n tekrarl anabilir v
yonteml er i tanit ml amaktadir [ 10] . Gel ecek 0
senkronizasyon, kaylt suresi ve ol ay 4é4tiket]
7 yontemine gore rap@in mal 1 di r [ 9] . UPS' i n dridn seviy
Ozellikleri ise IEC 62042 ve IEC 620468 i |l e il i skilidir [11,12];

uygunl uk degerl endirmesinin yerine geg¢mez.

4 . SONU¢ VE ¥NERKLER
Bu cal i smada, birankiirry @&l tcaisn Kiarya 1aiktul y eachit | ar

ve UPS hattindaki far kl cal i1 sma etiket.i k a
dagi | 1 mi ve notr aki mi aclsindan yeniden de
toplam gic faktéri OFFky d1 ndan yuksek bulunmustur. Ancak
arti1 s ve uUucgcunciu faz aktif guciundeki yakl asi
yalnizca kompanzasyona bagl anmasi ni engel |l e

yuksek olymais 1 yidka aal t 1 nda kontroll G bir an:
goOstermektedir.

Kompanzasyonun devretlegotdugkt okinkay0t &7 Fa

faz bazl yuk ve reaktif guc¢ dagi | 1 mktem1 n i n
mevcut kayirtlar, kondansator bankinin denges
Pano semasi, kademe RQonsakedtfteeriyefagnbaand
aki ml ar kontr ol edi |l medeni rb.agl ant aril zasi

UPS hatt i RM4a2 , %86 ,a%r5al 1 g1 nda Ol cul en THD |

kayirtlarindan belirgin bic¢cimde yiuksektir ve
ol dugunu ortaya koymaktadir. Ancak engimyidksek
noktasinin ayrintil tanit ml anmami s ol mas.

redresodorine atfedilemez. Bypass KkKayadyimdakkil 1%
dagirl rmirnin veya bypass enerji yolunun sahad
Ana panodaki notr aki mlar i1 ntln 90 rktaa |l a nod nfasa

dogrul ama konusudur . |l k asamada o6l c¢cium cihaz
edi |l mel i ; ardindan her fazinndtyr @akjy mlL5esve
kaydedi |l melidir. Dogrul ama sonrasinda y Ukseé
yiukl enmesi, bagl ant noktalari1 ve termal dur
Gel ecek saha <c¢al i1 smasi i ¢in su Dbthtwulurken d 0z en
kompanzasyon kademelerinin kontrolld ON/ OFF
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hatl arinda es zamanl i1 061l ¢um, (ii11) en az bir
(iv) IEC 6100064-7 uyumlu harmonik spektrum ve IE6E10004-30 uyumlu guc¢ kalitesi

Ol ¢cuamu, (v) PCC'"de I _sc/l _L orani ve TDD hes
baglantilarirnin dogrul anmasi . Har moni k azal'
PFC'li UPS gibi cozimlerancakhasom i k kaynagli ve sistem rezona
sonrateknike k onomi k ol arak degerl endiril melidir.
Sonu¢ ol arak <c¢al 1 sma, sitnirl ve tari hsel b
yerine, sahada dogrul anmysal kpggmakdmdig :t gl
ayristirri Il mis kompanzasyon performansi, UPS
stra di s notr aki mi kayrtlari . Bu yakl asi m,
sonraki gu¢ kalitesi incelemesinino gr u nokt al ara yoénlendiril mes
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OZET

Bucal 1 smada, bir mi sir i sl eme tesisinde ge
kull anit |l ar ak proses yukl eri il e dag!itim
karsil astirmal ol ar ak incelenmistir. Ver i
santrifidoj/sanitasyon hatlari1 ve Uretim sahas

ve TR4 dagitim transformatoérl erine ait 3 ol

toplam aktif, reaktif ve goérimirdeqige;siadt @l :
il etkeni akimi; toplam giuc¢ faktoriu; yer degi
di storsiyonu (I  THD/UTHD) Kkull ani | m¥$345r . Pro
UTHD deger | e%6i, 0i8s ear% 3, ©8.n dYau kdseegki sark ismli | ar e

sogut ma Kkul esi noktal ar 1 nde&AN2,TSINHSANG GerSMc e d U s
DEK. 1 noktalarinda daha yuksekl/aAak2/m53imsalotr &l

toplam guc¢c faktorid i1 e byermidediestyiarkmen @i gnat
didsukl dgunde t emel frekans reaktif bil eseni
SM-P6, SMSAN2 ve SMSAN3 noktalarinda faz aki mlarina
aki ml ar i kaydedi | mi sl avnet ibuardeddrel edrlicgni nms ayhaap |
dogrul anmas.| gerekti gi sonucuna ul a-%011mi st r
yikl enme diuzeyinde alindi grndan, bufaktodr i |l er
esasl i kapasiitne manal ttreansgér ek snemekt edi r . Ay
ol masi nedeniyle standartlara uzun siureli wuy
i sl etme yuokinde yeniden o6l ¢cim Oneril mistir.

Anahtar Kelimeler: Har moni k di st o rfamay,mproseslyaki,igiic kalitest, r a n s
guc¢ faktord, notr aki mi
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ANALYSIS OF THE HARMONIC PERFORMANCE OF PROCESS LOADS AND
DISTRIBUTION TRANSFORMERS AT AN EGYPTIAN INDUSTRIAL FACILITY

Dr. ¥Jr. |Jyesi Ahme
Bitlis Eren UniversitesiElektrik-E1 ekt r oni k Mihendi s

anur@beu.edu.trhttps://orcid.org/00090065671-6923

ABSTRACT

This study comparatively investigates the harmonic performahgaocess loads and
distribution transformers using digital power quality measurements obtained from a corn
processing plant. The dataset consists of 12 process measurement points associated with a
decanter, boilers, a pump, a cooling tower, centrifugééteon lines, and production areas,
together with three records associated with the TR1, TR2, and TR4 distribution transformers.
The assessment uses total active, reactive, and apparent power; average phase current and
voltage; current unbalance; neutcahductor current; total power factor; displacement power
factor; and total harmonic distortion of current and voltage (ITHD/UTHD). For the process
loads, ITHD ranged from 8.15% to 43.45%, whereas UTHD ranged from 3.78% to 6.08%.
ITHD was relatively low athe highcurrent productiorarea and coolingpwer points, while
higher current distortion was observed at-SKWN2, SMSAN3, and SMDEK.1. The close
agreement between total and displacement power factors-&iLf4/53 indicates that the low
power factomat these points was dominated by the fundamédrgquency reactive component.

In contrast, unusually high neutral currents relative to the phase currents were recorded at SM
P6, SMSAN2, and SMSANS; these values require field verification of the measerd
configuration and currefitansformer connections. The transformer records were obtained at
only approximately 0.099.11% of rated loading and therefore cannot representoadl
harmonic performance or establish dd€torbased derating requiremeBecause the dataset
consists of snapshot measurements, no-teng standardsompliance conclusion is drawn;
continuous monitoring and repeat measurements under representative operating load are

recommended.

Keywords: Harmonic distortion, distribution transformer, process load, power quality,

power factor, neutral current
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1. GKRKKk
Endustriyel Uretim tesislerinde motorlar, pompalar, fanlar, santrifiijler, dekantoérler, kazan

yar di mc sistemled&i ipmarel ao tt o nmfaasrykolni cal 1 sma
el ektriksel yukler olusturmaktadir. Bu yukl e
mot orl ardan olusurken bir b6l tmid hi1z kontro
kaynakl arini ke kehekbdbfto birimleri i cerebil mek
donitdstiurdcialer ile diger dogrusal ol mayan yi
akitm harmoni klerinin olusmasina neden ol ur.
degil g nheopkeéewami , yiluklenme orani, sirducu topo
sistemi ve ayni barada calisan di ger eki pman
MiI s 1 r Ve ni sast a i sl eme tesislerinde prose
pompal ama,ogustimamagivbei sbi r birini izl eyen asam
UGniteleri, proses pompalari1, kazan sistemler
birlikte ¢esitli kontrol ve yardi maeyiksele vr el e
t emel bil esen aki mi ceken motor agirrl i1kl n
doéonustidridcid etkisinin daha belirgin oldugu n
gi¢c veya toplam akim Gzebiundankyapyli&ndBaivr ad
koymak ic¢cin yeterl:i degildir. Akim ve geril:@
faz dengesizligi ve notr akil mi birlikte inc
daha butdncdal irikebilcci mde degerl end

Har moni k aki mlar il etkenlerde ek | 2R kayl pl
koruma ve 6l cim el emanl ari nda hatal. cal 1 s
rezonans riskine yol acabilir. 1 Oztelalniskloa ma
sargit |l ari ndaki girdap aki mi kayi1 plari1ni ar
etkileyebilir. IEEE C57.110, harmonikli yukleri besleyen transformatdrlerin kapasitesinin
degerl endiril mesine yoddnel i ka;hedampdysml ya«llia:
har moni k spektrumunun transformator kay1 pl e
gostermektedir [5, 6]. Ancak bu tior bir kapa
temsil edici i sl et me lyalrki Unndne kvie tyeikkil le nhneer nioonsiu
gerektirir.

U¢g fazl. dort tel i alcak gerilim sistemler
yUukl erinin dengesizIligi t emel frekansta si1 fi
isefazar da ayni faz acisiyla bulunmalari1 halind
Bu nedenle notr aki mi, faz aki1 mi dengesi zl i
bilesenlerle birlikte degerlendinrinl malkzi édikn m|
gore fiziksel ol arak ol agan di s buayukl gkl er
trafosu orani, polarite,dbaglaalthi veyat éncymm
Ol cum zinciri unssuirniargenrienk tdiar idro.gr ul an ma

Har moni k performansi n standartlara goére deg¢c
birlestirme yontemi20Rel i rgleey il dimdivre. alkB HE b51z¢
terminall erinden bagi msi z ol &d &k ad makk aba@l
degerl endirmesinde | THD yerine maksimum tale
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(TDD) kul l anmaktadir [ 1] . TS EN 50160 I s e
karakteristiklerini belirli izleme sureleri ve istatistikselzyd e | er UGUzeri nden tan
610004-30 ve IEC 6100a1-7, guc kalitesi ile harmonik/interharmonik 6lgtimlerinin guvenilir

ve tekrarlanabilir Dbic¢cimde gerceklestiril mes
nedenl e anl i1 k saahadlkh&ky! duaunumu @locimr mekl e bi
beyani i ¢cin tek basina yeterli degildir.

Bu cal 1 smanin amac.! , bir mi sir tesisine ai
yararl anarak 12 proses yukunundpgétorgiigomhuampk:
dengesizIligi ve notr akimi profilini ortaya
transformatoru kaydiyla o6l c¢cium kosull arinin i
t emel kat ki s, prostesi okt addavn adagli arfiam k1 o
gug¢ faktodrleriyle ayristirilmasiti, oladgan di s
sorgul anmas.| ve ¢ok diusuk yukte alinmis tr a
cl kari1 | massdni n 6nl enme

2. MATERYAL VE YONTEM

2.1. Veri Seti ve ¥l -¢m Noktal ar e

Cal i1 smada kullanil an ver.i seti, bir misir ¢
gerceklestirilen sayl sal guc kalitesi 0l ¢ aml
12" sproses tarafindaki yiuk noktalarini, 3’10

temsil etmektedir. Proses grubu; S8SAN22, SM51, SM52, SM53, SMDEK.1, SMKZN1,
SM-KZN2, SM-P6, SMSA3, SMSAN2, SMSAN3 ve SMSK kodlu noktalardan

ol usmakt aBu noktalar veri setindeki tani mlan
kul esi, santrifidj/ sanitasyon hat I536M52vee Ur et
SM53 kodlari1 orijinal kayrtlardat!1 EBRmM4 st ai anfa
birlikte, transformator kaydi degi l proses t
Transformatoér grubu TR1 (1600 kVA), TR2 (16
ol usmaktadi r . Ver i setinde tifmdregfiqgr nhaatgd ralnetrii
Ol cumin primer veya sekonder tarafta yapi |l di
bagl yar di mc i yuklerin ayrintil ari yer al
yalnizca o6l cilen eiekeni keglerbendklriukmes; 0Deé
nidve mi knati sl anma akimi ol dugu varsayil |l mami

2.2. Kaydedilen Elektriksel BuyUklukler
Her o6l c¢cium noktasinda u¢ faza ait aktif guiucg

akit ml ar i ver if agaywdkadillimlstir. Buna ek ol ar a
bazinda 3., 5., 7., 9., 11. , 13., 15., 17.,
gerilim toplam harmoni k distorsiyonl ar (I' TH
degi stirme gug¢ faktoriud (DPFtot) veri setinde
guce oranini ve harmoni k distorsiyonun etKkis
ve aki mi arasindaki f az f aedikBurkigosterganin birikgeti ¢ f a
kull ani |l masi, diosuk guc¢ faktorionian agirril 1kl
dalga sekli distorsiyonundan mi etkilendi gin
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2.3. Te¢retilmik G°staxregneel er ve Hesapl ama Yakl
Faz bazinda kaydedilen degerl erden asagli daki
B ve C indisler:i ¢ fazi gostermektedir:

Pop=Pa+ P+ Pc

Qop=Qa+ Qe+ Qc

Sop=R+S+&

lot=(la+1lg+lc)/3
Uot=(Ua+Us +Uc) /3

Akt m dengesizligi, faz akimlaritnin ac¢cit kligin
hesaplanmi stir:

Aki1 m dengesi z|l-imin)/loft]%)00= [ (I maks

U¢ faz icgcin kaydedilen toplam harmonik distoc
bir 6l c¢cim noktasi goO0stergesine donustoar dl mas

ITHDort = (ITHDA + ITHDg + ITHDc) / 3
UTHDort = (UTHDA + UTHDg + UTHDc) / 3

Har moni k di storsiyonun gucg faktordu Uzerinc
PFt ot/ DPFtot orani Yakllantilkgatttap!l 8m @ir@nf d
giuc¢ faktoriu arasindaki fark azal makt a; or an
faktoru uUzerindeki et ki si artmaktadir. Bu o
ylzdesi ol@ui@kf altgod g g&kstergesi arasindaki
kull ant I mistir.

2.4. Karkeélaktérma ve Standartlara G°re Yorum
Proses noktal ar i oOnceli kle Ptop, l ort, PFto
aclsindan kar $TH®stdagnll mmgti ryidksek temel bi
sogutma yukleri ile daha disuk akirmli1 santri
ve DPFtot degerleri, guc¢c faktoériuo duosuokl dgunda
ayl rmak ic¢cin birlikte degerlendirilmistir. N
aki mi dengesizliggi il e Oc¢clin kat har moni kl er
UTHD sonuc¢l ar, TS EN 50160 ta alcakamger i | i
har moni k distorsiyon seviyesiyle yalnizca g¢:¢
anli1 k nitelikte ol mas:]| nedeniyle bu karsil a
gerilim kalitesi beyani ol arseks kiwlkltan alrmanndias
degerl er20REEBK M9si1 nirlariyla dogrudan kars
di storsiyonunu PCC’"de, Isc/lL orani ve TDD U
2.5. Metodoloji k Sénérl él ekl ar

e Veri seti z anmd g Gsne rnioskit ayse mianeailteranl 1 k ve)
i cermektedir. Bu nedenle yiuklerin vardiya, U
kademesi veya proses geci sl eri st rasi ndak

i ncel enememi stir.
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. Omc ci hazini n mar kd3/Omodledim dIECI f611,0 0dr nekl
aral i klar, CT oranlari il e o6l¢cium zincirinit
Ozellikle notr akimi anomal il er.] bu sinirl am

e dlrsf ormat or kayi1 tl a3, nda Agr tgadlraimal r a2koung !l aerr
kVA diuzeyindedi-2e0OBuk¥&ageaomenal6@Qc¢cl er-e gor e

%0, 11 yuklenmeye karsili1 k gel mekt eediird.i n@leqi
kayrtlar “mi knati1 sl anma ak1 mi “faktorl \seyaaddatitga n 1 ml
sonucu ¢l karit I mamistir.

e Tekil har moni k yuzdeleri veri setinde bul
tablolar toplam gostergelere odaktan s t 1 r . Notr akir mi yiuksek bul
ve 21. harmoni klerin fazdér bilgileri ve saha
3. BULGULAR VE TARTI kMA

3.1. Proses Y¢klerinin Harmoni k Perfor manseé

Tesiste O0lculen 1Rapiovoess boaktia&asiuhkaeait Tahe¢ o
grubunda | THDo r%4 3d,e4d5e,r | tTrH D 0% 8t%a @ vg topldmegiici %3 ,
faktori 0,5810 , 933 aral 1 girnda degi smistir.

Tablo 1. Proses yuklerinin gug kalitesi buyuklikleri

Ol ¢cum Nok| Ptop lort PFtot | DPFtot | ITHDort | UTHDort | IndGtr
(kW) (A) (%) (%) (A)

SM-SAN22 105,8 168,6 | 0,927 | 0,977 27,81 5,51 6,32
SM51 (TR. 4| 157,0 313,9 | 0,742 | 0,745 9,27 4,10 9,74

SM52 (Ureti| 160,2 322,0 | 0,738 | 0,741 9,18 4,19 12,91

SM-53 (Uretims a h a| 149,0 308,12 | 0,733 | 0,736 9,64 3,78 11,31

SM-DEK.1 (Dekantdr) 36,8 59,2 0,918 | 0,996 37,56 4,70 3,42

SM-KZN1 (Kazan.1, 250, 1,0 1,6 0,920 | 0,945 18,74 4,75 0,17
kW)
SM-KZN2 (Kazan.2, 2000 84,8 139,1 | 0,909 | 0,935 19,32 4,47 15,48
kW)
SM-P6 (TR.1'deki 129,3 | 230,8 | 0,826 | 0,830 8,15 4,67 462,58
Pompa)
SM-SA3 134,2 | 212,8 | 0,933 | 0,979 26,11 6,08 8,49
SM-SAN2 19,6 49,8 | 0,581 | 0,647 43,45 5,12 94,95
SM-SAN3 50,0 120,8 | 0,612 | 0,655 32,55 5,25 239,57
SM-SK ( Sogut| 3322 | 540,1 | 0,906 | 0,913 8,20 4,13 17,54
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Tablo 1, proses noktalaritnin tek bir har moni
SK, SM51, SM52, SM53ve SMP6 noktal ari1 nda &r4t0glla ma aakaism
ol masina r agme-%9.64amMHdDlor g1 MmaBag 1Bal mi-SAN2,ISM Buna
SAN3 ve SMDEK. 1 noktalarinda | THDort sitrasiyl a

Ol cal mustar . Yuiksek temel bil esen aki1 mi, ay
disiuk goridnmesi ne d&ak ke kliap maund luanratbn | s édr Gcain t
durumu bilinmediginden godzlenen fark yalnizc

PFtot/ DPFtot karsilastirmasi guc¢ fHAIGMS2r 0 dis
ve SM53 noktalari nda dr @ml6arv ey alk,|199s61 kd 1 @ ,. 9 9Bu, r

faktorinin 0,73, 742 aral i1 ginda kal masinda har moni k
reaktif gicinidn etkild@ ol dugu anlasi | makt ad
degerlendiril ebid7mB%4, Bhcwuk IUTTHHD” miim wYma kl as i1 k
nedeniyle kondansataor kademel er i sebeke emp
alitnarak tasarl anmal i1 dir .

SM-SAN2 ve SMSAN3' te PFtot/ DPFtot oranl ar SIrasi
degleer di storsiyonun toplam gucg faktordania
degerl erinin de diusuk ol mas:i (0,647 ve 0,65
O6nemli ol dugunu ortaya koymaktadi r.akisik neden
kompanzasyon yerine, reaktif guc¢c ve har moni Kk
bir ¢codzum yakl as |-nbBK.dla’hdae uB/RyFutnodtu r0., 9SOV 1 ken F
%3 7,56 dr1r; bu nokta ise temelirmgilresdatdgad
di storsiyonu goésteren farkI. bir yuk profildi
NOtr aki mi BREKSMBAN2Z e BMS B8 M3 aci1 k bicimde di gce
ayril maktadir. Bu noktalarda I ndétr/lort oran
Ocimde oranin yaklasi k i ki kat duiuzeyinde tek
acl kl anamayacak bir duruma i sRerveSMSANS ekt edi r
hesaplanan faz aki1 mi dengesi zI| i klikeyiizdesigndé r e c e
st fira yakin ol mas:i 9., 15. ve 21. har moni k
ci hazi ve notr CT o6l cek bilgileri bul unmadi ¢
kabul edi |l meden o6énce CT soir awna , 3 POWaci haz ¥ka
sahada dogrul anmal 1 dir.

3.2. Dajetem Transformat®rlerinin Harmoni k Pe
TR1, TR2 vV e TRA4 dagirtirm transformatdrl erin
verilmistir. Tabl odakikagiu¢!| aer guooomakabr tird:i
gore c¢ok kiucuk bir yuklenme diozeyinde al i1 ndi
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Tabl o 2. Dajétem transformat®°rlerine ait g¢- |
Transformator Ptop lort PFtot | DPFtot | ITHDort | UTHDort | Inotr
(W) (A) (%) (%) (A)
TR1- 1600 kVA 1.525 2,27 | 0,993 | 0,999 9,42 4,79 0,19
TR2- 1600 kVA 1.469 2,18 | 0,993 | 0,998 9,20 4,74 0,19
TR4- 2000 kVA 2.084 3,12 | 0,992 | 0,999 4,82 3,64 0,87

Kayirtl ardaki gor Uni10 kYA dizeyinde glupriomisal giklerel , 4 8
oranl andirgirnda TR1 ve TR2 ic¢in yaklasi k %0, 0

gel mektedir. Bu kadar diosuk yuklenme altind:
akimina boéoldndigiu icin mut ldakn Harhmo rmiak ka kni ngic
Bu nedenle TR1 ve TR2'deki yakl asi k %9 | TH
har moni kli yuk altinda termal olarak zorl and
PFtot degetl, ®0i3nivre OPFI D t-0,dePY%R r d lema kiasikn g Y191
anl amda yuksek reaktif bil esenl:i bost a mi
destekl ememektedir. Olcum tarafi1 ile bagli Kk
gucg faktorl erinin nedeni k esi nlretarisformatok e me mi
ndvesinin dogrusal ol mayan mi knati1 sl anma ka
ol arak kullanit | mamistir.

UTHDort deg-ed4| é0i atbdl 641 ndadir ve o6l c¢cim anl
altinda kal mi sti1reri Andaknm tyriskn sdlotr imad ak il har
har moni k spektrumu ve sar gl kay! pl afaktoribi | i nn
veya derating hesabi yapitlamaz [5]. Temsi l e
nor mal I sl esmhedenak &m, girargs ve/veya ¢I1 ki s te
har moni k aki mlar amper cinsinden kaydedilere
3.3. Proses Y¢kleri ile Transformat®°r Kayétl a

Proses noktalari1 ni n %adr t78] anaar -8 08 DataBrmatdBe g e r i
kayrtlarinin ortal amas%4,i7s%) .%4i,k3i9  gruub u(nar all

gerilim distorsiyonu benzer mertebededir. B
gerilim dal ga skeksluilniamr 1 nrdtaank esekbdlkeenebi | ece i
es zamanl i1l 1k bilgisi ve sebeke tek hat mod

kesin olarak ileri strilemez.

Her i ki grupt aki UTHD degerl eri 0 bitikier®S an 1 n d :

EN 50160 degerl endirmesi, kul l ani ci besl eme
el de edilen 10 dakikali k degerlerin istatist
“incelenen kayi1 tl ar i1 n %8eedilebiliratésisim staddardasslireklu g u ”
uygun ol dudgu sonucu c¢i1 karitlamaz [2, 3].
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| THD baki mi ndan proses noktal ar i il e trans
met odol oj i k ol ar ak uygun degi | dir. Proses
transfo mat 6r kayi1rtlari1 yaklasi k %0, 12 0y2{®K ldeen me&d a1
sitnirl ar. eki pman terminalindeki | THD ye gor
belirl enmektedir [ 1] . Bu nedenl e cal 1 smada
karakterizasyonu ic¢cin kullanitlImis, standart
4. SONU¢ VE ¥NERKLER

Bir mi sir tesisine ait mevcut gucg kalites
degerlendiril mesi sonucunda asagidaki sonucl

» roBesyuklerinde ITHDort%8,1%4 3, 45 ar asi1 nda geni $SAN2,r dag.!
SM-SAN3veSMDEK. 1 noktalari1 akim distorsiyonunun

buna karsil i1k yiuksek aki ml: dreti miTsihas ,
yakl ago0ll0 W& zeyi nde kal mi stir.

e SHSMSM52veSM53 noktalarinda PFtot il e DPFtot
nedenle duiusuk giu¢ faktordnin temel nedeni h
bil esenidir. Ko mp avrczua s yhoar ntoans &kr tamiknad ap Imen 1 v ¢
alirnmal 1 drir.

e SMN2ve SMSAN3'te hem DPFtot diosiuk hem de PFt
bicimde kucuktir. Bu noktalar icin reaktif gli¢c kompanzasyonu ile harmonik azaltma

secenekl!l er i ndoiimelidiri ¥VDeE Kd €1l edrel é se DPFt ot '’ un O,
%37,56 ol masi, distorsiyon agirrl i kli1 farkIl:

. PB SMSAN2ve SMSAN3 noktalarinda I notr/ |l ort or a
kayittlar normaktekabademgesiczki gngmamaktadir.

cihazin 3P4W yapilandirmasi, kanal eslestirm
dogrul anmal 1 dir.

e TRI1, TR2 ve TR4 kaylitl a0, hdmi ndlz@ylichice y
Ol ¢cim taraf bilinmedi gi i ¢cin bu aki mlar mi Kk
verilerden tam yiufakaodtmonvieydadeaatsng Ker ek
. l ncel enen tium UTHD kayitlarinéakimeannh eda
ol dugundan bu bulgu TS EN 50160 a u&a680’adldr el
uygun si1ni f belirlenmis bir cihazla en az b
daki kal 1 k birl est i r mdiilmesianeriinkekteair.1 Gzer i nden d
. | EEEE0OB329ac¢ci st ndan akim harmoni k uygunl ugu.l
tant ml anmal 1 ; ki sa devre aki mi, maksi mum t al
birlikte hesaplanmal 1 dirn.seTmamsnfad r mastl dert mee Jdy

amper cinsinden harmoni k spektrumuyla tekrar

KAYNAKCA
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OZET

Bu cal i1 smada, rdzgar ve gunes enerjisi t aban
gercekz a man | 1 ol arak takip etmek amaciyla ac¢1 Kk
arayuzda tasarl anmistir. Sistem simial asyo
gerceklestirilirken, verilerin gorsellestiri
dil i kKul l anit I mistir. I ki far kl platform ar a
kit dphanesi kull ani |l arak yerel ag (local hos
MATLAB/Simulink bir istemci (client) gibi davranarak simuilasyon verilerirakgtleyip
gonderirken, Pyt hon tabanl arayuz bir sunuu
i sl emektedir. Kull anici arayiuziu (GUI) tasar.
i ¢in ise Matplotlib kitiupkRraneskitsemeinh séidielkin
arayuzde donmal ar 1 n o6ndne gecmek amaci yl a
kull ant I mistir. El de edilen sonuc¢l ar, gel i st
akim ve guc¢ verineeriilne gmirnsieMulme sgteicridki gi ni vV e
alternatif, esnek bir izleme ¢dédzuiumid sundugun
Anahtar Kelimeler: Hi br it Ener j i Sistemi, MATLAB/ Si mul
Gercek Zamanl l zl eme, GUI Tasar i1 mi

1. GKRKK

Guniumuzde artan enerji tal ebi ve fosil yakit
yenil enebil ir enerji kaynakl aritna yonel t mek:
enerji kaynakl!l ari1 nin en biuyuladglerz awdmthajke s
(intermittent) dretim karakter |stigidir. G
kull ani | abil mesi veya riudzgarin degisken yapi
Bu problemin asi | masi1 yingaiknl afrarnk | (1Guknaersa kvtee rR U
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getirildigi "Hi brit Enerji Sistemleri” bay.
calirsabil mesi i1ise kaynaklardan maksi mum gucdu
Noktas! Takibi) al golriik méad mu mmmau nv ei zli esrit eelmi Inc
tasar i1 mlar i1 na bagl 1 di1r. Ozellikle | aborat u:
surecl erinde, sistem verilerinin anli k ol ar .
sistem guvendii gacivsel nvdean ndriiltii k bir gerekl il
yiksek maliyetl eri g6z oOnune ali1ndi g1 nda, a ¢
arayuzlerinin gelistiril mesi, midhendi sl i k e
sahiptr.

Literatdarde yenilenebil ir ener ji sisteml er
Il yilestirmek Uzerine bircok c¢calisma yapi |l mis
il et ken teknolojileri Gzerine aMdnilfamglcual I ]m
donidstiurdcd tasarit mlari1 i¢in temel referansl
uygul amal ar | vV e i pucl ar konusunda Roberts
sureclerinde yol gb6sterici ol mustur.

Gines enmlrg¢griismdesiweri ml il igin anahtar ol an
ve Podder ve ark. [ 9] kapsaml tarama c¢al i1 s
dezavantajlari ni ortaya koymuslardir. Ozel l
verimi n i kor umak adi na Buyukguzel [ 5] vV e Uz u
onermi sl erdir. Dénustidrdcia topolojil er-i acil s
DA diasuridgciu donustiurdcialerin kontroldni i nce
icin kaskat MPPT kontrolcia yaptlarini ve Boos|
Mohamed [ 13] ise PV sistemler ic¢in Boost don
calit smirstir. Teke ve ark. [ 15] farrskilliasviPiPrTa rd:
uygun kontrol yoéntemlerinin belirlenmesine Kk
Hi brit sistemlerde ve rldzgar enerjisi uygul
kanat kuotle dagrl it minin enerj.i v elzarimdéki | i §gi n
et kil eri konusunda Saeed ve Farsadi [ 3], f a
ol mayan yukler UOzerindeki etkilerini anal i z
¢l kma konusunda Atteieh [4Ftal hsmrsti depol ama
Sistemin sebeke veya yuk tarafindaki giuc¢ kal
[ 2] il e Aslan [10], hibrit elektriksel siste
uygul amal ar | Gzerineryotdsoamlasramge loil @tni remii srlie
konusunda ise Cayir ve Ozbay [16] sulama si:
Haque ve ark. [17] maliyet etkin evirici tas
Literatdr denkciel galdii gmalder, igenel l i kl e Buck ve
donidsumid saglayan topolojilerin yaygin ol dug
geri |l i mi, batarya veya bara geriliminin alt]
cal damal i teratiordeki bu gereksini mi karsi 1l a
olarak c¢calisabilen SEPIC topolojisi MPPT kat
gi bi I ki far kil i karakt er i st -Bdostedlatoridcieprtala g1 n e
bir DA barada birlestirilmis ve ESP32 mikr
izl enebilirligini artirmak adina Python taba
Uzerinden similasyon kerbiil esradgnliannmgertgek Ban
sistemlerin hem kararl. cal 1 smasi ni hem de
cO0zum sunmaktadir.
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MATERYAL VE YONTEM
2.1 DA DA D¥N!'kT! R!C!LER:

DA-DA donuasturdgcal er, dedo@mun ali mi si e r iulyign
degi si kli k yaparak c¢1 ki sa aktaran giuc¢ el ekt
il etken anahtarl ama el emanl ar | ol an MOSFET \

bu potansiyel farkzdedigsicmkayaglkadmrn., G@&amijma
guc¢c kaynaklari (SMPS), giunes panelleri ve riu
kull ani | maktadir.

2.1.1 SingleEnded Primary Inductor Converter (SEPIC):
SEPI C donusturdcis DAgegeiinki gpibmie Giem yiuksel't

ol dukcgca kull ani sl bir dondstdaridciou taraduor .
aral i1 g1 nda cal 1 san uygul amal ar i ¢cin i deal
donudasturdugciulemnedmhi agzelani len gerilim ayarl ama
ters cevril memesidir; yani giris ve ¢l ki s ay
Ayri1ca bu topoloji, giris ve ¢1rkis akimlar:
sayesinde yiksek verimliikasg | ayabi | mektedi r . Déntstdrdciuni
endiuktans ve bir ara kapasitor arasindaki k o
anahtar il etimdeyken enerji her i1 ki bobinde
gecti ginde ise bobinlerde depol anan enerji,
sur ekl i ener ji donguasiu, anahtarin goérev don.
cl ki's geril i mi el de edi |l mesi niersidgriasrt.i rSE M
2.1.1.1"de SEPIC donudastiuaridgciunidn doluluk orar
degerinin hesaplanmasi ve Denklem 2.1.1.3"te

1 Y . . c1|| . D1 .} | "
.':,Vm - ";; L2 2 g

(| ), —

G°rsel 2.1. 1, Sepic Do°n¢gktegrégce De

0 — (2.1.1.1)
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b ——° (2.1.1.2)

(2.1.1.3)

2.1.2 D¢kegren Yéegkselten DA DA DOoPngégKtegrégcg:

Gorsel X' -ylkselteth IDADA e d O nitst uar Gcd devresi ver i
anahtarl ama el emani il eti me abobimideriifde enerja  k a y r
depol anmaktadi r. Anahtarl ama el emani kesi me
kesilmekte, bobinde depolanan enerji diyot Uzerinden filtre kondansatorine ve ylke
aktari Il maktadir. Bu islem pricymidn ks od ek laik (¢
sagl amaktadir. Anahtarin iletimde kal ma siure
or ani (D) olarak tani ml anmakta ol up, i deal k
giris geriliminden d8glk, kDs>g@r bl iohidugunids
ol maktadi r. Bu topol ojiyi SEPI'C devresinder
pol aritesini tersl emesidir; yani cl ki's geri
dol ul uk oraniinnan ihleissakpilmnmésade Denkl em 2.
hesaplanmasina iliskin ifade Denklem 2.1. 2.
iliskin ifade ise Denklem 2.1.2.3 te veril mi
i
1o <
Q1TL:ZT]— D1
‘ g ‘L1 RL |
L vin ® % ‘c1 §
== Vo
T |
¢ °
. 1
G°rsel 2.1. 2, Dé¢kegren ®gpkselten DO°ngt
o — (2.1.2.2)
0 K (2.1.2.2)
.« 8
0 3 (2.1.2.3)
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2.2 DA AA DY¥N!'KkT!R! C!LER (EVKRKCKLER) :

Eviriciler; fotovoltaik piller, DA jenerator
gi bi cakagésardhbi kull ani | maktadir. Eviriciler
akima (AA) doénustidren devrelerdir. Eviricile
dort adet yari1 il etken anahtar !l amayielleunaya mid)
H-k 6pr a ad.i veril mektedir. Evirici devreler
el emani ndan i ki si pozitif alternansi, di ger
aralarinda 180° faz f ar ki Ewritiler deakdurbmdgtamrbite Kk on
sinids dalga dOaretmelidir; ancak gercekte ana
bozunumlar olusmakta ve gerilim ile aki mn t
Bu sebeple eviribafkeanmakt @adsrnaefblutfel erel
filtrelerdir. Eviriciler, gerilim seviyesi,
ayril makta ve bir c¢cok kontrol yoéntemi bul unm

+0—®
‘-_9(
bp—

t

SI

t

AV
=)
Q3 Il
3
v

4dm

+

- oK

AV
o
Q4 ] o
k—2zd Q2 II. Fa
|
E
~

—_—
E o
~ [

G°rsel 2.2, H K°pr¢ Bir Fazleée Eviri

2.2.1 Eviricilerde Bipolar PWM Anahtarlama Y ontemi:

Bi pol ar PWM anahtarl ama yoénteminde yalni zca

Karsilastirma isl emi, bu modul asyon sinyal.@
Tek birmodilasg n si nyal i il e karsilastirma yap!tl mas
ve negatif DA besleme durumlari1 olusmaktadir
olmak tzere iki seviyeli bir gerilim elde edilmektedir. Bu anahtarlama yontemind& 1 s s i ny a
simetrik olmakla birlikte, toplam har moni k
har moni k et kil erin azal ti |l mas.] amacliyla evi
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Bi pol ar PWM anahtarl ama metodgadadadublenahmk:
Bi polar PWM anahtarlama yéntemine ait <c¢1 ki1s
metodunu godsteren tablo ise Cizelge 1  de gos

Takéyec@And8hnwalianan yari1il etkenl er iemdaljar ek ans
formunda secilen sinyafd digenl  cilagdstejilmetediv.s i ny al i

Modulasyon Sinyali: Modulasyon sinyali, elde edilmek istenen dalga formunu temsil etmekte
olup frekansi ¢c1 ki1 solsmanyaliirni nMofdrie kaasnysoinn as i er
genl i golarak isade eMImektedir.

Mod¢l asyomoKind eaksyion i ndeksi, modul asyon siny

genligine oranini temsi | et me kt eathahtarlama@la i | e

kull ani |l an PWM sinyalinin doluluk oraninit be

¢i zelge 1. Bi polar PWM Karkeélaktérma ve Anahtarl
Karsilastir Anahtar Du Alternans
V> Ve Qu Qi I et i md Pozitif

Q3, Q1 Kesimde

Vm< V¢ Q1, @ Kesimde Negatif
Qs, i | et i md

G°rsel 2.2.1, Bipolar PWM Anahtarl ama Y°nt

182



TROIA 4th INTERNATIONAL CONFERENCE ON APPLIED SCIENCES
July 17-19, 2026- CANAKKALE
ISBN NR. :978625879531-8

2.3 Maksimum G¢- Noktaseée Taki bi

Gines panelleri ve riuzgar tuarbinleri =i bi ye
egrilerinde bir maksimum gi¢ noktas:] ( Maxi mi
cal i1 sma kosull ar saglanmadi girnda bu kaynakl
verememekte ve sistem veri mi didsmektedir. E
(Ma x i mum Power Point Tracking, MPPT) al gor
Yenil enebilir enerj.i kaynaklaritnin sirekl:@ [
maksi mum guc¢ noktasindaki gerilim ve akim

dirend ne bagl anmasi ger¥amektesekl i ndebtadi mkeanp

Ancak pratik uygulamal arda yuk degeri sabit
kaynagin her zaman Rmpp deger i ngler ibti ma lyalrkl nga
guc el ektronigi devrelerine ihtiyac¢ duyul mak
l zl eyici si ( MPPT) ol ar-A ddd@antddridimakn ad oll
kontr ol ederek kaynagi n gor dia@maktaees sistetia r y Uk
maksi mum gic¢cte c¢cali1i smasi ni sagl amaktadir.

2.3.1 Artémleée Kletkenlik Algoritmasé ve Tasa
Artimli1 iletkenlik (Incremental Conductance)
gicgeri |l im egdrisinin egi amyannols iB0Oc| dou gdwnjdua np, r
maksi mum gluekomagkit aisismadd aril i ves ibtul iddir uim e i f

Al gori t ma, anil h & adtett kdeidleiglkeetl kkeniniik karsi | as
noktmmsmaksi mum guc¢ noktasinin saginda mi y O |
—Il Il —-i se sistem maksimum giuc¢ noktasinin solu

gerilim azalti !l i1r. Esitli k sagl eolurdve dplulokd a i s e
orani sabit tutulur. Bu yoéntem, 0o6zellikle hi
gidc noktasi ni daha dogru ve kararl. bi ¢ci mde
edilmektedir.

2.4 G¢- Elektroni jlivonterelerir el eri nde Kontro

DA-DA donuastuardacul er endiastride c¢cesitli amac¢
bazil ari1; regule edil memis bir DA sinyalinin
seviyeye diusdiaral mesi veya yukseltil mesidir.
Buprojede i1 ki farkli1 yenilenebilir enerj.i k ay
amacl anmaktadir. Bu nedenl e, bu bol dm altinc
getiril mesi ve kararl bi r insgerékii dlath eegikmsydni t b i
kontr ol yonteml eri el e alinacaktir. I ki farl
cekil mesi amaciyla her kaynakta ayri1 bir MPP
¢ir kirslarirnda el de &kdiylneark | ger nl ikmr aleveyies eir |
birbirinden farklI: ol acaktir.
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Bu durum, DADA donustur dcd regul at or devrelerini

kil maktadir. Kull ani |l acak kontr ol yonteminin
takdr de 1 ki kaynak arasinda bir potansiyel fat
amaciyla kaynakl ar arasinda bir sirkuolasyon
aki mi, daha yiuksek potansiyel e slkady mpa kayhadkrt
akacaktir. Bu dur um, sistem verimini dasar
i stenmeyen zorl anmal ara da sebep ol abil ece!
engell enmesiDAamadaniight airDAU regidl@todrl erinden

DA-D A donudsturdculerin regul at or ol ar ak kul
bul unmaktadi r.

2.4.1 A-ék ¢evrim Kontrol

Bu kontrol yo6nteminde, giris geriliminin sab
hesaplanan dol Uul bukgetani bar k®@W$ sinyal. ur et
sinyali, yar | Il et ken anahtarl ama el emani n
yapltsinda ¢1 kis gerilimine iliskin herhangi
mekani zmadegimedicut Bu nedenle giris geril i mi
gel en degisimlere bagli1 olarak doluluk orani
kontr ol yontemi, yalnizca giris geriliminin

guvenilir sonuglar verebilmektedir.

2.4. 2 Kapalé ¢evrim Kontrol

Bu yoéntemi, geri besl eme esasina dayanan ve
geril i mi ve yiuk kosullarina kar si dayani kI 1
sistemibasl|l angi¢ta oO6nceden belirlenen dol ul uk

anahtarl ama el emani nin sur ol mesiyl eDA ¢gal 1 s
donidstidrdcidniun ¢1r kirsindan o6l culen gerilim de
fark hema pl anarak hata sinyal:. ol udgiukiud ur . i Hatda
tanit mlanmakta ve bu sinyal P, Pl veya PI D ¢
dol ul uk orani hesapl anmaktadi r. He s aliplé anan
anahtarl ama el emani] yeniden sidrdal mekte ve |
geriliminin referans gerilimine yakinsamas.|

acl k cevrim kontrol yont emi ne ksurynaksalolp, d ah a
denetl eyi ci parametrelerinin uygun sekil de

edil ebil mesine ragmen referans gerilimine u
kiyasl a daha yavas ol abi | me k aitdldkidiyagranK@opsel | 1 ce
2.4.2"te, denetl eyicinin matemati ksel I fades

60 10 RERON 1 W—1 1018 "QYIR"Y (2.4.2.1)
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2\ ult)
+

D P |
i 4.? 0 N : e

Doluluk Orami Sinirlayici
PWM Ureteci

Vcikis

G°r sel 2. 4. 2, PI'D Kontrol ©°r Bl ok Di

2.5 MATLAB/Si mulink TCP/ 1 P Haber |l ek me

Similasyon ortami ile di g dunya arasindaki v
alan "TCP/ 1P Send" blogu kullanil arak sagl at
rolind Ustlenmektedir. Veriiletiminn s agl 1 kIl 1 gercekl esebil mesi

bil gisayar (Localhost) olan "127.0.0.1" ve p
Simial asyonun her adi minda UOretilen elektriks
gonderimte k yerine O6nce bir paketl eme islemine ta
MATLAB Function blogu kullanil arak, 14 adet
Tadrbini V/II1, MPPT ¢i1 ki sl ar, Regugat ®Ori gcmks s
bir double veri 8 bayt yer kapladi gindan, ol
x 8 bayt) ol arak sabitlenmistir. Ayrica, sin
nedeniyl e haber |l es m&erdOa tdteirn IHotl IdK afi&md k ra dDienm &
kull ani |l mis ve veri gonderim frekansiy optim
TCP/IP HABERLESME
VERI GONDERME
o
tl'
o — . ,
o r
= 7
G°rsel 2.5. TCP/ I P Haberl ekme MATL/
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2.6 Python TCP/I P Sunucu (Server) Tasar émé

Arayidz tar afiigcndcda Pwdarhionalpirmigr aml ama di | i vV e
bir TCP/ 1 P sunucusu (Server) ol usturul must t
Gzerindeki tum arayuzlerden gelen bagl anti1 | e
numar aldi npemeye basl amistir.

Haberl esme protokol G, -obba@Ilndaretdl)) tbhabanylaipi (yao ns
Python sunucusu baslati I madan Simulink si mi
saglandi kt an sonr a, sunucu bsayrtd klki vbkeirri thaar
bekl emektedir. Al 1t nan ham binary (i kili) vV e
unpack islemine tabi tutul makta ve anl aml

gorsellestirme algoritmasina aktari1 |l maktadir

2.7 Python ve Tkinter ile Grafiksel Araye¢z (

Kul |l ani ci etkil esimini sagl amak ve v
standart GUI katiphanesi olamtinter kul | ani | mi st 1 r . Mat p
icin glcld olsa d , butonlar ve diuzenl:i panel | e
Tkinter Udzerine insa edilmigstir.

eril eri
l ot !l i b
r ol ust

Arayildz tasar i1 mi, kull ani c ergonomi si gozet
sistemden okunan anl 1 ki gsearyiilsianh, oalka rma kv el igsutce |
bu degerl erin Zaman i cerisindeki dedgi si min
pencerel eri hari ci ol arak ac¢i |l mak yerine, |
penceresinin icerdiedi)ne bgdrmielcrel b U(tdambdedi kK ve
el de edil mi stir.

HIBRIT ENERJI iZLEME PANELI

CANLI DEGERLER

. L ey MBS ¥ woer
, Guneg Panel V 30.35
- . . - Guneg Panei | 7.5
. o) 12.62
. = 15.83
. . Giineg Reg V 20.02

Guneg Reg | 6.50

75.12

. X . Ruzgar Turbin | 3.07
. " Ruzgar MPPT V 76.78
» s = . ‘\ \ 2.67
o . . A {\ AMMmAa AN Ruzgor Reg V 40.02
- - N WV\“‘/\V‘ \/‘v“ V v V’ VUM Ruzgar Reg | 4.77

BUS Voltaji 40.01
BUS Akimi 11.27

nel GUG (W) 224.70

sl TN ] s : Ruzgar Turbin GUG (W)  230.34
‘ :
A‘ w “ \/V\N/\/\/\/”\J\ ‘ e

G°rsel 2.7. Hibrit Enerj.i Kzl eme

2.8 Matplotlib K¢gtegphanesi il e Canl é& Grafik

Si mil asyondan al 1 nan vV e Matplotéb r | kitUplgadesi sterdinl e st i |
edi |l mi stir. Gercek zamanl i izl eme yapitl di gl
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Ancak, simulasyon sidresince birikein, tiogn evnecril
yukiunid artirarak arayuzin donmasina neden ol
Pencere" (Sliding Window) yodontemi uygul anmi s
Bu yontemde, grafik ekseni simialasyonun bas|l
(6rnedgi ®Os ver i noktasi) kapsayacak sekil de
kull anitm optimize edilmis ve grafiklerin ak
grafikler anl i1 k ol arak yenil enelraerka k( ukpudlaltaen)i
sunul maktadir.

2.9 Thread (Kk Par-acéjé) ile Performans Opt
Arayldzian kararl i1 c¢calismasi ve veri aklisit sir
"Coklu is Parcaci gr" (Multittlkracadkilng)biya pyasp
bekl eme ve alma islemleri arayitzin ana dongiu
ver memesine neden ol maktadir.

Bu sorunu ¢6zmek icin Python'unreading kUt Gphanes.i kull anit | mi st
dongusu (Server Loop) ve ver. i sl eme al gori-t
(Daemon Thread) olarak tani mlanmistir. Ana i
gincell enmesii lvesikndlelra midein etok uml u tutul mus
sayesinde, yuksek hirzli1 wveri akisi sirasinda

3. SONU¢LAR VE DEJERLENDKRME

3.1 G¢nek Panel. i ve R¢zgOr Terbini Sim¢gl asyc

Simial asyon sonucgl ar. i ncelendi gi nde; glunes |
artarak geril i mi 40V seviyesinde sabitl emey
oraninin diustuk tutularak DA baria gg@erlielml minmin
Gines panel.i geril i mi bir miktar diustuk kal s a
glc¢c noktasinda tutmaktadir. Benzer bir durunm
noktasinin daha dias itk Ibmirstsierv.i yede ol ustugu

Onemli bir bulgu olarak; Uc¢ fazli1 jenerator
yaklasi I mis olsa da jeneratoridn baslangi ¢t a
Bu durumu engell emek adi msa vjee nseirsattednrdee ksia bdiitg
baskin gel mesini o6nl emek amaciyla gucli kasit

Grafi kl er incelendi ginde, ger il i min basl ang
degerine oturdugu ve DA Iteaireardiemdd a@abi tg ormrdfl eriia
donuasturdcd ol an evirici, DA bara gerilimini
Ayr i ca, sistemdeki RL yuk kaynakl faz kayme
Son ol arak GOrsele 3bul. Unar dGroafsiek | Er.de 2rmalv i

rigzgar tuarbini guclerini, kahverengi grafi kil
ve kirmizi grafikler ise gunes paneli ve riaz
ve Gore | 3.1.4"te bulunan grafiklerde ise mavi
ger il i mi grafigini I fade et mektedir. Kirmi zi
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aki mi ni i fade etmektedir. Ci z el g3 t2Zx' dkea piad &
Dusturen YulkAeddreinstDiAr tctul erinin denetleyici

Cizelge 2. Devre Parametreleri

Parametrelel L1(uH) L2(uH) C1(uF) C2(uF) Fsw(kHz)
SEPIC DA | 1500 1500 22 2200 25

DA

DoOnust

(MPPT)

DisuUr e65 Yok 6800 Yok 100
Yukselten

DA DA

Donuiust

(Regulator)

DA AA 3000 Yok 480 Yok 10

Evirici (Filtre) (Filtre)
¢i zel ge 3. Dé¢keren Yéikselten Regeéel at®r Denet |
Parametreler | P I D

Dusur en 0.08 30 0
Yukselten

DA DA

Doniustd
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“'——PANEL GERILiMi

Ampitude

—PANEL AKIMI
|—PANEL GUCU
G°rsel 3.1.1, G¢gnek Panel i
——TURBIN MPPT AKIMI
——TURBIN MPPT GUCU
[——TURBIN MPPT GERILIMI|
i T

Gorsel 3.1.2, Ruzgar Turbini MPPTSi m¢ |l asyon Sonu-1 ar

[—BARA AKIMI
|—BARA GERILIiMi

G°r sel

3.

1.
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DA Bar a

Sim¢gl asyon

é

MPPT Si mgl
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I

|[—Ac cIKIS AKIMI

|[—Ac cIKIS GERILimi|

Gersel 3.1. 4, Evirici Sim¢gl asyon S
3.2 Hibrit Enerji Kzl eme Panel. Sonu-1| ar ée:
Gerceklestirilen hibrit enerji izl eme pane
similasyonmodel i 1 e entegre calil sacak sekilde test
sistemin simuialasyon progr ami il e basari1 1. v

Simil asyon slUrecinde 0U0retilen aki m, ygprslim
Uzerinden gercek zamanl. ol arak arayuze akt
grafikler Uzerinde godrsellestirildigi hem d

seklinde kullanicirya sunul dugdrul zggéazrl evnel eghim esst
kaynakl ari ndan el de edilen elektriksel buydlk
performansi ni buat dncal bi¢cimde degerl endire

arayuz UOzerinden kol ayasiakrlilaantaank iapr aggdiehiinl nseak
kull anitci dostu yaplsi sayesinde veri okuma
sisteminin izlenmesi daha etkin ve pratik ha

HIBRIT ENERJI ZLEME SiSTEMI

: : CANLI DEGERLER
/—J . . . - . . :1 . M . . . : . - M . . :..:’
' | '|"l' ‘~ I' | Y ‘s i ..“ ‘::
a Inki A y v |

- ‘ I A

ff' ,-" |' ( |' V | |n lﬂ,,:‘/\/\\/ﬁ"dif\ /&‘/I

LA A \ " (/\
’ W .\ll" \'l"J‘I .' {W J'\
G°rsel 3.2, Hibrit Enerj.i Kzl eme Panel |
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4. SONUCLAR

Bu c¢cali smada giunes panel.] ve ridzgar tarbi ni
model |l enmis ve sistemin kontrol perfor mans.|
i ncelenmistir. El de kahktdrigtikierine sahig yenilenebilir efiegir k | 1
kaynaklarinin uygun kontrol stratejileri ve
DA bara yapl si altinda basaril. sekil de ent
nokt as.| i zlmamarahgor her i ki kaynak ic¢cin etki
kosul l ari1 nda dahi enerji aktari minin sur e
kaynakl ardan el de edilen glucin sisteme kont
dogdralmmi st r.

Simial asyon sonuc¢l ar, DA bara geriliminin
sistemin gerilim regiulasyon performansinin
DA/ AA déniustidridciu yapistinin, d oagkrium agkeirm | 9 am
donudastiurerek y Uk gereksinimlerini karsi | ay:
sagladi gr go6rdal mastar.

Cali1 sma kapsaminda gelistirilen hibrit ener]j
ol arak izl enmeisg;nealollmnadckersialgjiilmmve giuc¢ deger
sayl sal ol ar ak sunul mas:| sayesinde Si St e
degerl endiril mesine katk.]I saglamistir. Bu vy
analiz edil mesihda degitlem ayhemerpama dedgerl en
sekil de yourdotdl mesine imkan tani maktadir.
Sonu¢ ol arak <c¢al i1 sma, yenilenebilir ener ji
kontrold ve izlenmesi ac¢cisindan buatuincal bir

TEKEKK! R

Bu cali smanin bir bdol dmu, TUBI TAK tarafindan

kapsaminda gerceklestirilmistir. Yazarlar, s
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S| PERKAPASKT¥R UYGULAMALARI K¢KN KARBOKSKMET
TABANLI ESNEK ELEKTROTLARDA KURUTMA KOkUL
ELEKTROKKMYASAL PERFORMANSA ETKKSKNKN KNC

¥7r. G°r .SERTKAYASel v a
Diizce Universitesi, selvasertkaya@duzce.ed®@®00-000204901821
Do - . Dr . Ah met DE
Diizce Universitesi, ahmetdemir@duzce.edu0®00-000287021941

OZET

Siperkapasitorl er, K ekéket ot si bden aglusa
el ektroki myasal performansl ar i Ve mekani k |
ci hazlarda ve hibrit ara¢ teknolojilerinde k
sistemlerine gore ustin Ozelliklerahsp elektrokimyasal yuk depolama sistemleridir. Bu

cal 1 smada, PEDOT: PSS il e karboksimetil sel 0l
filmlerin mikro yapl!lsal 6zell ikl eri ve el el
protokol dnidn cedlkdanmirgt iarl.t 1 Thadraa manl | El ektron
Vol tametri (CV), DeGGadrvianq GtCDt) i kveSaE|j ektroki
Spektroskopi si (EI'S) teknikleri kul I-BTW1 | ar ak
numunesi i | eapasidarak kurataldn ICM@DSmumunesinin morfolojileri ve

el ektroki myasal davrani sl ar BV mumdnesigde 1 r 1 | m
homoj en, yogun vV e yonl enmi s fibril-ODgapit sir
numunesinde dizensiz, pagai mi s ve go6zenekl. mor f ol oj i g
karakterizasyon sonucl ar 1, bu mi kr o yapl S

performansa yansi di GETVmumuges,CMErDie kytee kilry.a sC MC
Olcude daha yuksek spesiflelp asi t ans, daha) dwve Udka hsae rd 0 sdi kr esn:

direnci(R) sergil emigstir. Bu bul gul ar, kontroll @
ol arak wuzaklastiri |l masini sagl ayarak PEDOT:
organizes Ur ekl i bir ag yapi st olusturmasini tesyv
kurutma kosullaritnin hassas kontrold, 11letke
performansa ulasmak i¢in kritik bir faktordu
Anahtar Kelimeler. Elekk r ok i my as al Karakterizasyon, |1 e

seliloz (CMC), PEDOT:PSS, Superkapasitor
1. GKRKk

Son yi1llarda, diunya genelinde enerji talebi,
geni sl emesiyle birl. k3ier e@kleimlar téod g drdief s ,t mk
daha da yogunlastirmistir (Akhlaq vd., 2023;
artan baski, gel eneksel petrol bazl i1 enerji
eneridepol ama c¢O6zimlerinin gerekIliligini vur g
(veya ultrakapasitérler) umut vadeden elektrokimyasal enerji depolama sistemleri olarak
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Oneml i 0l cude di kkat c¢cekmistir (Fan ed. , 20
al anl ar ve ultra ince dielektrik aytricila
Olciide daha yuksek kapasitans sergilerler (Poonam vd., 2019; Tseghai vd., 2020). Ek olarak,

siuperkapasitorler y Uk sdeeks ag jetkiywddgdnlgedqu, Wiz

aralirgirnda guvenilir performans gi bi avant aj
yakit hidcrelerine g6ére U0Ustidnl dk sagl ar. An
yogunl ukl ar oneml i bi kt edirf . ukBwl maynar ldema
mal zemel er i ve il eri dretim teknikl eri ize
(Raghavendra vd., 2020; Wang vd. , 2002) . Col
et meye v e yeni mal z eemgd e K menp e z iosdyadknr laanri irrkie n }
superkapasitor teknolojisinin c¢cesitli endduds
degerl endirmektedir (Pandya vd., 2023; Yang
Siperkapasitorl erin perf or manmyasal 6zelliklerkhdem ot ma
gucl 0 bir sekilde etkilenir. Bu mal zemel er i
il etkenl ik, t er mal ve ki myasal karar !l 111 k, |
dostu ol ma ve diusuk dna,l i 2@22)b.ul Aypyurca,Kekae.
mekani zmal ar i Sistemin genel kapasitansi ni
degi si mler, esdegdger ser.i direncteki (ESR) de
gbzenek boyutur kappesgtahsgurne €Be) iyilestir
gbzenekl ere sahip elektrotlar, yuksek tepe
Tersine, daha Kkiucuk go6zeneklI: i el ektrotl ar,
durumlarda daha uyguod(Marzocchi vd., 2015).

Siperkapasitorler genel olarak U0¢ ana gruba
(EDLC I er) , psddokapasitorler ve her iKki me k
elektrote | ekt r ol it a r afigiksed (adsor@siyoniu yve rdésarpsiyomu yoluyla

cali sarak nanometre o6lceginde bir yiuok ayrim
sureci, oksidasyeoh ndi r geme (redoks) reaksiyonl ar i i G €
karsi |l 1 k psoedb&lapaksitoOlréey ,il etken polimerle
gi bi aktif mal zemeler sayesinde hirzli1 ve ter
sureclerl e c¢cali1sir. Bu yuk depolama mekani z
yike k haci msel enerji yogunl ukl aritna ol anak
reaksiyonl ar nedeniyle genellikle Ustidn ene
fiziksel yuk depolama yapi !l ar. nedelnariyl e t i

sergil eyen EDLC | er e ki yasl!l a daha disiak c e
superkapasitor elektrot malzemeleri; yuksek spesifik kapasitans, mikemmel elektriksel
iletkenli k ve diusiuk esdeger seri diren¢ (ESR

il eploénmerl er, bu bagl amda, dogal ol arak bu
vadeden adayl ar ol arak ortaya ¢1 kmaktadir. i
alanl ar 1, redoks aktivitesi vy callanapiliralektonie ml i vy
0zelli klerinde yat maktadir. Bu pol i merl er.|
el ektroki myasal kat kil ama yoluyla hassas bir
el ektrotl ar i i ¢in Ozelnhli&kd e giuyigumelkenaksel:
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mal zemel erl e karsilastirildigirnda, Il et ken
0rnekl er arasi nda p oehekzlfyafen) ve poh(3,4etilepdmKsitiyofgn) r ol ) ,
(PEDOT) bul ununri.f 1Bju ymiak szeekmep esrif or mans|l 1 met al
rekabetci bir spesifik kapasitans sergilemektedir (Yang vd., 2020).

Karboksimetilseldl oz (CMC) , ni speten kol ay
mekani k dayani myveybkyoborzeakitriwkt eggi bi avant
polisakkaritler arasinda o6ne c¢1 kmaktadir ( Gh
6zelli kler, esitu wpoliReEZasyonu igim son derece uygun bir biyopolimer

bl onu h&ltierda r g etCiMCmeve PEDOT arasindaki m
ncirlerinin esnek CMC omurgas!| bzerinde

krar |l-dens@aanr jsadgngial er i st rasinda PEDOT  un
kili bitaseaekil eédaeazadilen esnek el ektrodun
eml i 0l cide T yilestirir (Akhl ag vd., 2023
rasinda dogal bir dagirtici madde godrrevi g@o
homojen bir mor folojiye sahip bir kompoz
10; Tang vd. , 2023) . Bu tar bir yap! sal

maril erine kar si belirgin el ektidroknupy as al
arak CMC hem PEDOT'  un duzenl:i buyidmesini

Il estiril mesini benzersiz bir sekilde mimk

O g N< VOO NW
—— oo -5~ 0 W

et ken poli merl er, e s nek -semdorek ver termoelektrik ener
gul amal ar gi bi al anl ardaki potansiyel uy c
rmektedir (Fan vd., 2 0 1 YejilendioRsitiyofpnd.polistiremr | e r

Ul fonat (PEDOT: PSS) , y Uk sek el wukcbzelildide e | i
l enebi lirligi ile 6ne c¢1 kmaktadir (Fan vd
di fi kasyonlar yapitldi girnda 4000 S/ cm’ye ke
I ar saydam el ektrot | avre, seuspneerkk aeplaesk ttroa n i ekl
eal kil maktadir (Fan vd., 2019). Bununl a b
el l i kleri, esnek wuygul amal ardaki kul Il anit mi
asmak i¢cin karb@GksgmbtibisgobpodlbzméCMerl|l e komp
stratejidir (Akhlag vd., 2023) . CMC, MU k e mme
bi youyumlulugu ve cevre dostu yapl! s il e PEL
gorar (Akhlagvd. 2023; Ghanbarzadeh vd., 2010). CMC’
yapl!l s, PEDOT: PSS zincirlerini destekl eyer ek
elektrokimyasal aktiviteyi de olumlu yonde etkilemektedir (Ghanbarzadeh vd., 2010).

Tl c — -
(et oA Y

o 3 —
S5 O W

o: —
N O

Kompozt fil min nihai el ektroki myasal perfor mal
degi | ayni zamanda mal zemenin mikro ve nanc
baglidir (Keene vd., 2022). Ozellikle PEDOT
sirekl il igi ve morfolojik homojenlik yiuk tas
2022) . Bu morfolojik o6zellikler ise buyuak 0ol
tarafindan kontrol edi | ir. Pouhmel agmasml ehi
kapil er kuvvetl er son ar dnidn yapl!l sinl bel i
filmlerin kurutma Kkineti gi Gzerine c¢cali1 smal a
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Russel, 1998), bu parametrelerin PEDOT:PSS/CMC kamdilmlerinin elektrokimyasal

performansina et ki si hentz sistemati k ol ar ak
kurutma protokolt olan; kontrolli termal kurutma (CNECT V) ve pasif oda s
kur ut man tODS) PEDMT.PSS/CMC kompozif i | ml er i ni n mi kr o
el ektroki myasal perfor mans.| Gzerindeki et ki
degisi kliklerin performans etkilerini bil i ms

2. DENEYSEL ¢ALI KMALAR
2.1 Materyal

Ticari karboksimetilseliloz (CMC, Zag Kimya, 256 00 pm) Oksi |l ab’”™tan t¢
Siperkapasitor dretiminde hammadde ol arak Kk

Heraus Clevios’'tan, di met il sul foksit ( DMSO
Ksantangam (E435 Ki mbi ot ek Ki myevi Ma d-pgr@pénediol MSa n . Ti
Kozmeti k San. ve Tic. Ltd. Sti’'den temin edi

2.2 Karékém Hazérl ama ve Kurutma Protokol ¢

1 gram ticari karboksimetil seltiloz (CMC), 4 gram-pr®panediolde ¢ézindurildikten sonra

(30°C, 2 saat) 95 gram deiyonize su ile hom
Bagl ay1 ci olarak 0,6 gram ksantan gam (E415
edilerek, ¢cozeltiye 2 gram % 5 dimetil sulfoksit (DMSO) iceren PEDOS:PS | ave edi I m
50°C’" de 1 saat homoj en bir cozel ti el de e
karitstiri Il mistir. Ardindan ¢cOozeltinin 30°C’
sagl anmas. i¢cin karitsima 30 gakrkaEutdeéradiohe
homojen bir film tabakas:] olusturacak sekil
brraki I mistir.

Kurutma protokol dnde her i ki numune de basl
kapag! yar | kapatwul nogsumday Ben i kkr adi mdan

kurutma protokoll eETV urygmdrean st k. KCMCt ma
etuvde 50°C’ de 1 saat daha tutul mus ve sor

bekletil mistir. nBhomtotodokhkal vechawvagl err seki
polimer zincirlerinin optimal -ORSonunguaesiisg asy 0n
il k kurutma adi minin ardi ndan, etuavden al 1 n:
Kur umaya 1bri.r aBku Ipmiosttokol , kontrol stz ve hizl
edi |l mektedir. Kuruyan o6rnek el e yapl smayan e
soyul arak el ektroki myasal analizl eri ger ¢cekl

2.3 Karakterizasyon Teknikleri

Numunel erin yuzey morfolojileri, Quanta FEG
kV hirzlandirma geril i mi, ETD dedekt 6rid ve S
1000x bidydt mel erde, HFW (HorizontaledFdidel d Wi
pm ol arak alirnmirstir (Al gaheem vd. , 2020) .

Elektrokimyasal karakterizasyon, IVIUMSTAT A06061 Potansiye&alvanostat sistemi
kull anil arak G0¢ elektrotlu elektrokimyasal
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cozeltisi ol dazektisM Ka}lB®O®nI Etmistir. Referan
elektrot (SCE), karsit elektrot olarak plati
PEDOT: PSS kompozit filmler kullanilmistir. C
mV/s tarama hizinda 100 voltametrik g¢evrim g

edil di kten sonra baslati |l mistir. Déngusel vo
tarama hi zl ari ndesagpl| ( &C®3 t-EBY muknungsein 9,5, CMC
0,75;1,0;1,25ve 1,5 mA/cm?3, CMCDS numunes: i¢cin 0, 75; 1, 0;

yogunl ukl arirnda ve elektrokimyasal -1@8QDedans
Hz frekans arali girnda kaydedilgnigni ral &nmmba
kapasitans (mF/ cm?) cinsinden ifade edil mi st

3. SONUC¢CLAR VE DEJERLENDKRME
3.1 Morfolojik Karakterizasyon

CMC-ETV numunesinin SEM géruntusu (Gorsel 1a ve b), olduk¢a organize ve homojen bir
yluzey morfolojisi sergilemektedir. Goruntuele dikkat cekici 6zellik; uzun, surekli ve birbirine

paral el sekilde yonlenmis PEDOT: PSS fibrille
matri si icerisinde iyl bir sekilde goémul mis
y 0 g un \idé; balingin gokehekler veya catlaklar gdzlenmemektedir.

Fibrillerin bu digzenli yapisi, kontroll 4 kur
termodinami k ol arak daha kararl bir konfor
zamanvd er mal ener ji sagladi girnin guacld bir kai
yavas sol vent buhar!l asmasi, ani kapiler kuv
1998) . Polimer zincirlerinin CMC matri gapi ki
olusturmasina olanak tanimistir. Literatuoard
optimaletkil esimleri olusturmasi, elektriksel
vd. , 2019) . Bu t U0r or g awarimlieve Kesintisiz yadlan suparaky 0 k t
el ektriksel iletkenli gi maksi mize et me potan

cmc
ETV
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Gorsel 1.PEDOT:PSS/CMC kompozit filmlerin SEM gdrtntleri. (a) CNETV, 250x%; (b) CMCG
ETV, 1000x%; (c) CMGODS, 250x; (d) CMEODS, 10@x. (Tum goruntuler 20 kV, ETD dedektord,
SE modu Quanta FEG cihazinda ali1 nmis

Buna kar sQDB numunesiMSEM goéruntisi (GorselddcCMGETV’ ye ki1 yas|

Oneml i 0l cide daha duzensiz ve hentumunedg,en DI
PEDOT: PSS fibrilleri daha ki1 sa, parcal anmi s
agregatlar, bosluklar ve daha poarozld bir to
Bu morfoloji, oda si1cakli ginda gercekl esen
sonuai d u r . Etuvden c¢i1 karil dir ktan sonra yuzeyde
ki sirmlar arasinda bir nem gradyani ol usturut
cal 1 smal ar , bu tidr gradyanlarin malzrzameeden
ol dugunu gdéstermektedir (Guerrier vd., 1998;
zincirlerinin yeniden diuzenlenmesini engell e
yol acarak onlarin parcalanmasina neden ol ab

3.2 Elektrokimyasal Karakterizasyon
3.2.1 Dongusel Voltametri (CV) Analizi

CV egrileri, elektrotun potansiyel arali1 g1 b
ve faradai k davrani sl|l-&8fV hakknedanki bgt €&Jgek
aani , -ODMCye ki yasl a belirgin seki |l-AT& daha
numunesinin daha yluksek bir spesifik kapasit
enerji depol ama kapasitesine sahip -BINdugunu
egilerinde godzlenen az belirgin redoks tepe
i yoni k difidzyon kinetikleri ag¢isindan da ust
2.0 -
1] S (@) 20
Eos £
‘gu.u g"j'
g-D.S 80.0—
E-mf ET'”
<3—1.5- o104
oo T —
-0.4 -0.2 0.0 o.zp%%egi?alo& )1.0 12 1.4 1.6 0.4 -0.2 0.0 O-ZP%‘:egi‘iialo&)tﬂ 12 1.4 1.6
Gorsel 2.(a)CMC-ETVi ¢i n far kl 1 tar ama CGMCODS r¢cii md & kair kCM e &
hi1rzIl arirndaki CV egrileri

3.2.2 Gal vadrexatrgt i(KGCKar jAnal i zi

GCD egril eri sabit bir akirm altinda el ektr o
malzemeninkapsi t ansi1 ni , coul ombi k verimliligini %
i¢cin kul FEalnVi IlnnurmunGEGMd nin GCD egrilerinin des:
ODS’ye kiyasla belirgin sekilde dahadhb@wikt 0
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kesintisiz yuk tasitma yollaritnin bir sonucud
Ustidn potansiyelini ortaya koymaktadir.
1.6 1,5 AT —. 75 mﬂcrl:"
4] (a) —ersmncn (b) gl
1.2 —1.25|||Acn!" —1.5 mAcm”
—, 5 mAcm”®
S0
'f—uﬂ.g—
o5+
Boa
[=]
002
0.0
0.2
0.4 -
0 1ID 2|0 SIEI 4IU-I5IDIG|0I?IIJI!0I9I(I 1l.'llt‘l 11|U 120 0 -‘llﬂ BIL'I . 150 16IL'I 200
Time (s) Time (s)
Gorsel 3.(a)CMC-ETVi ¢i n farkl i1 aki m yogu@MGABOS&infi anrdkalkii GC

akim yodgunl GiCIDareigmdd ler i
3.2.3 Elektrokimyasal Empedans Spektroskopisi (EIS) ve Nyquist Grafikleri

Nyqui st grafikleri EI S verilerinin kar mas
elektrot/elektrolit araylzundeki kinetik sirecleri ortaya koyar. CEIG/ numunesine ia

Nyquist grafiginin gercel ekseni kestigi nok
Rct), CMGODS' ye ki yasl a daha k-BTYinkmunesinin hénudahb ul g u |

didsuk bir genel sistem dir enicnetei thienme dsa hdiaph 8
gostermektedir. Homojen ve organize yizey morfolojisi, bu tstin kinetik 6zelliklerin temelini
olusturmaktadi r (Marzocchi vd., 2015) .
6000 - 3000 -
5000 - (a} 5 2500 - {b) ﬂ:um—
(1] [n!
4000 2000 4
gannn- ?1500-
N . Ld - N . . - -
2000 - . ® 1000 - . .
N . . . -. . o.
1000 - .-° ',\ 500 » .
° l}II 1DIDU ZUIIZIO GUIIJU 40:30 SUIOD 6000 ’ CIF 51-110 10'00 15'00 20'00 25‘130 3000
Z'(©) Z'(Q)
Gorsel 4. () CMC-ETVi¢in0,0:21 00. 000 Hz arali1 girnda GMCYOD®di | en
00:-:100. 000 Hz aralirgirnda kaydedilen Nyq
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3.2.4 Kapasitans Performanseé

CV ve GCD egrilerindenEfVkaumuabkbsli acagiheinz €N\
integrhematdeniGCD egrilerinin deoOPHBrjyesiknegsxaisl
belirgin sekilde daha buyuktur-ETBU ylestuymgup em

ek etidvde kurutma adi mina baglanmaktadir. L
suarecPEDOT ve PSS zincirlerinin daha doazenli bi
ver i mli bir il etken ag yaplisinin olusmasina
organize ol mus bir polimer agi, ikgt etmdsiair 1 n e
saglayarak el ektroki myasal ol arak aktif yuze
acar.

3.2.5 Diren- ve Kletkenlik

Nyquist grafiklerine gére CMEETV numunesinin elektrokimyasal kinetik ve iletkenlik
aclsi nd@bS'CyveC g6é6r eavamedmlj | ara sahip -8ITvdugu g
numunesi ndekddedjeelrd ,diedelkk tR ot mal zemesinin Ve

vV e iyoni k il etkenligine i saret eder . Bu,

elektrot/elektrolit aray z tnde daha az direncle hareket e
0zelli kle yuksek gu¢ wuygul amal ari nda enerji
verimliligini artirriuir (Tseghai vd. , 2020) .
sa@gl abyuardatks Uk direnc¢c degerine katki sagl ami s
CMC-ETV numunesindeki daha kucguk Rct yar i1 ¢af
reaksiyonlaritnin daha hi1 zk 1 sgiegreqa ekalpeasstiit@irniin
sar j/ des ardaydadtnnngai | yeertiennee gi n i artirrir ve giuicg
vd. , 2015) . Homojen ve organize yuzey morf ol

olusturmaktadir.
3.3 Mi kiEbekKapeki myasal Performans KIlikki si
CMC-ET V'’ d e k isiuraki REDOTPSS fibrilleri, elektronlar ve iyonlar i¢in kesintisiz ve

veri mli tasit ma yoll ar. olusturur. il et ken
zincirlerininndéaézknl egmmser veim kalitesi tar
202 2; Zahabi vd. , 2023) . Bu dur um, daha dus
il etkenli k i |-@DS’odneukcil apmarrcalCavOmi s ve rastgel
tasi ma siurecinde c¢cok sayirda ehgégl sentukzak.
ETV'  nin yogun ve homojen yiuzeyi, el ektrolit
arayuz al ani sagl ar . Bu, el ektroki myasal re
veri mli bir sekil de gerzaceikvd.e20mbe EM@O B S 'od akia k
gbzenekli ve heterojen yapl ise aktif yiluzey
kinetigini yavaslatabilir.

CMC-ETV’ deki s1 ki vV e entegre fibril ag:! , r
elektrokimyasal déngiles 1 r as 1 ndaki yapl! sal stabilitesini
ol mas:| ve tekrarl ayan sarj/ desar] déngul erir
2002).CMGODS’" nin gevsek ve go0zenekli yapi1 si i se

mekank bozul mal ara daha yatkindir.
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3.4 Kurutma ProtokolUntn Etkileri

Kontroll 0O kurutma protokold, termodinamik ag¢
Bu surecte Gibbs serbest enerjisinin minimizasyonu, kademeli kurutma sayesinde malzemenin

dahadg§ itk ener j il i bir duruma wul asmasi ni ve po
karar |1 konf ormasyonu tercih edecek sekil de
kapak kull ani mi, kapilar gerilim dirludmgaent i ni
prof il olusturmustur (Guerrier vd., 1998; |
st cakl i1 g1, PEDOT: PSS zincirlerine yeni den |
saglarken, yavas kurut ma hi zdahaklizenlivestdbilbir kr i s
polimer ag yapisinin olusumuna katkida bul un
st cakli1grnda kurutma islemi, kontrolsiz solwv
yol ac¢mistir. Etliivdeem mumu sa de kyl 0 Zga yn ak aat ma n |
karsili1k i¢c kisimlarin daha yavas kurumas:i ,

bagl olarak kapilar gerilim olusturmustur (
fibrillerinde cekmekuv et | er i yaratarak I iflerin parcal an
Bunun yani sira, suyun buharlasmasi si1rasind
mal z e me I cerisinde kal ar ak gbébzenekl il igin é
sonua nd a, pol i mer zi-mciertlkerliersiiml| ept i mdlusttur a
dizenl enmesi engellenmis ve dolayisityla iste
edi |l ememistir (Fan vd., 2019).

4 . GENEL DEjERLENDKRME VE SONUC¢LAR
Bu kapasbdmbma,, kurut meeEpPOOsESEnitrab &MCI esne

perfor mans.| Gzerindeki kritik ve belirleyic
kontrolli kurutma protokolinin (CME T V) pol i mer zincirlerinin
dizenlenmesin ve homojen bir fibril aglnin ol us me:
karsil 1k, pa®DS)kukwnma o( SMZ€ sol vent buharl a
kuvvetler nedeniyle parcalanmi s, diuzensiz ve
Elek r ok i my as al karakterizasyon sonucl ar 1, b
el ektroki myasal perfor mansEVnuaumesiCME83D 1y g 0 st
kiyasla o6nemli ©6lclude daha yiuksek spesifik Kk
geni s integral al anly)ar )dahdaa hdai sdiilks Uskpvesjahet ir adni srf
ver i mli iyon diflzyonu sE@V mumdnesimn siperkapasitoB u b u
uygul amal ar | i ¢cin daha veri mlinubilenseldakals ek pe
desteklemektedir.
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ABSTRACT

SubSaharan Africa continues to bear disproportionate infectious disease burden where
historical colonial healthcare infrastructures intersect contemporary glafah pressures
creating unique epidemiological challenges. This comprehensive review synthesizes regional
responses to HIV/AIDS, tuberculosis, and emerging zoonoses revealing persistent structural
vulnerabilities including underfunded primary care neksorantimicrobial resistance
accelerated through informal markets, and fragile supply chains disrupting vaccine cold chains
during power outages. Theoretical frameworks integrate social determinants of health with
postcolonial biopolitics explaining diffential mortality where urban elites access private
facilities while rural majorities depend on intermittent NGO clinics. Community health worker
programs demonstrate cultural effectiveness through trusted interpersonal networks though
scalability remainsanstrained by transportation infrastructure deficits. Regional cooperation
through African Union health initiatives shows promise yet faces sovereignty tensions during
crossborder outbreaks. Integration of traditional herbal medicine with allopathicnsyste
presents hybrid model opportunities though standardization remains contentious. Pandemic
preparedness critiques highlight overreliance on Global North donations creating dependency
cycles undermining local manufacturing capacity. Health systems researphasizes
horizontal programs integrating multiple diseases versus vertical siloed interventions
maximizing resource efficiency. Economic analyses confirm healthcare investments yield
highest societal returns through reduced caregiver burden and enhauackibrce
participation. Policy synthesis advocates African CDC empowerment alongsidéfiitan

medical tourism corridors reducing brain drain. Commuldty surveillance networks
leveraging mobile health technologies bridge form#drmal health sdors creating resilient

early warning systems. Research establishes African infectious disease response as laboratory
testing Global South health sovereignty where epidemiological patterns challenge universalist
models requiring contextualgrounded intarentions preserving cultural healing
epistemologies alongside modern epidemiology.

Keywords: infectious diseases, African healthcare, health systems, postcolonial biopolitics,
community health
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NUTRITION AND CHILDHOOD DISEASE PREVEN TION IN SUB-SAHARAN
AFRICA

Dr. Grace Mwangi, Assoc. Prof. Dr. Joseph Ncube
School of Public Health, University of Nairobi, Kenya

ABSTRACT

Childhood malnutrition in swu$aharan Africa manifests through complex interplay of
agroecological degradation, colahiland policies creating food deserts, and contemporary
climate variability disrupting seasonal patterns. This integrated analysis examines
micronutrient deficiencies where stunting reflects chronic deprivation patterns embedded
within matrilineal agricuural knowledge systems increasingly eroded through cash crop
monocultures. Breastfeeding practices preserve immunological protection though urbanization
pressures generate formula dependency among working mothers lacking workplace
accommodations. Schooédding programs reveal cultural acceptance challenges requiring
locally-sourced menus incorporating indigenous vegetables rich in bioavailable iron and
vitamin A precursors. Therapeutic feeding protocols demonstrate community health worker
efficacy scalingreadyto-use therapeutic foods through women's cooperatives though cold
chain logistics remain problematic during rainy seasons. Agroforestry initiatives integrating
nitrogenfixing trees with traditional crops restore soil fertility supporting dietamerdity
beyond humanitarian aid cycles. Nutritieansitive agriculture training empowers female
farmers negotiating household food allocation patterns traditionally favoring male members.
Public health campaigns confront commercial interests promotireg-sugetened beverages
targeting youth through social media platforms. Integration of nutritional genomics reveals
populationspecific lactase persistence patterns informing dairy supplementation strategies.
Policy frameworks advocate land tenure reformabding womercontrolled kitchen gardens
alongside import substitution prioritizing local fortified flour production. Commubéged
growth monitoring integrates traditional growth landmarks with clinical anthropometry creating
culturally resonant survééince systems. Research positions African childhood nutrition within
food sovereignty paradigm where decolonizing dietary guidelines preserves ancestral
knowledge confronting processed food hegemony while building resilience against climate
induced food isecurity.

Keywords: childhood nutrition, suibaharan Africa, micronutrient deficiencies, food
sovereignty, agroecology
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HEALTHCARE ACCESSIBILITY AND CHALLENGES IN RURAL KYRGYZSTAN

Assis. Prof. Dr. Aibek Toktogulov, Jamila Omurzakova
Faculty of Public Health, Kyrgyz State Medical Academy, Kyrgyzstan

ABSTRACT

Rural Kyrgyzstan's healthcare landscape reflects Soviet collectivization legacies where
centralized polyclinics serve dispersed pastoralist populations across mountainous terrain
challenging geographic equity principles. This ethnographic study documaiér(igllage)

health posts functioning as cultural brokers negotiating betakdwlpakelders preserving
herbal remedies and urban physicians trained in Tashkent medical @sstifgasonal
migration patterns disrupt chronic disease management as herders traverse high pastures
inaccessible during winteManaschishamans complement psychiatric care addregsing
possession etiologies unacknowledged by -ltDclassifications. Maile clinics demonstrate
logistical effectiveness though fuel subsidy dependencies create vulnerability during economic
shocks. Telemedicine pilots bridge urbamal divides though 3G coverage remains patchy
acrosgailoo summer camps. Traditional birtttendants preserve leimtervention obstetrics
though hospital transfer protocols remain underdeveloped. Community health insurance
schemes confrotamga(informal taxation) mentalities undermining pooled risk mechanisms.
Medical education reform integest yurt medicine preserving pharmacopeia alongside
evidencebased protocols creating hybrid practitioners navigating pluralistic healing
landscapes. Policy analysis critiques privatization creating tiered accessbatagiehildren)
receive preferentialaze over elders within extended families. Economic modeling confirms
community health worker programs yield highest disabdiyusted life year returns through
preventive outreach. Integration with UNES@&zognizedManasepic traditions leverages
narraive medicine reducing hypertension througimyzfermentation cultural revitalization.
Research establishes Kyrgyz rural healthcare as laboratory testirgopiest health transitions
where nomadic epistemologies challenge sedentary medical modelsngdaimitorially
appropriate delivery systems honoring seasonal population dynamics.

Keywords: rural healthcare, Kyrgyzstan, traditional medicine, nomadic health, Soviet health
legacy
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MENTAL HEALTH SERVICES DEVELOPMENT IN KYRGYZSTAN: A
STRATEGIC OVERVIEW

Prof. Dr. Elmira Karabaeva, Dr. Bakyt Asanaliev, Dinara Ismailova
Department of Psychiatry, KyrgyRussian Slavic University, Kyrgyzstan

ABSTRACT

Kyrgyzstan's mental health architecture confronts Soviet institutionalization legacies alongside
Islamic spiritual healing traditions creating pluralistic care laage requiring integration
strategies. This policy analysis document®lgoonchuluk (shamanic exorcism)
complementarity with psychopharmacology addressing-fpasinatic stress from 2010 Osh
conflicts through culturally congruent rituals preserving saoaksionAk kalpakceremonies
function as group psychotherapy reducing isolation among conflict survivors. WHO mental
health gap action program implementation reveals cultural adaptation needs jwhere
possession narratives frame depression symptonggtodguiring narrative exposure therapies
incorporating epic storytelling traditions. Psychiatric residency training integkyiayz
therapy pharmacology alongside SSRIs recognizing fermented mare's milk anxiolytic
properties documented through traditibpharmacopeia. Community mental health centers
confront uyatchanstigma throughashar collective labor traditions reframing recovery as
communal responsibility. Suicide prevention strategies levagag@eighborly mediation)
resolving domestic conflictprecipitating sekdharm. Economic analysis confirnmsanaschi
integration yields cost savings through reduced inpatient days. Policy roadmap establishes
nationalruh salamat(soul health) framework mandating cultural competence training across
medical schols. Integration withkubat (healing spring) pilgrimage sites creates therapeutic
landscapes combining hydrotherapy with cognitive behavioral protocols. Research positions
Kyrgyz mental health development within decolonial paradigm where Soviet psychiatry
confronts Central Asian spiritual ontologies creating hybrid models serving nedestiended
populations confronting modernity's psychosocial dislocations.

Keywords: mental health, Kyrgyzstan, traditional healing, cultural psychiatry,-posiet
transition
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EPIDEMIOLOGY OF MALARIA IN YEMEN AND PREVENTIVE MEASURES

Assoc. Prof. Dr. Mahdi Al-Hakim, Dr. Sana Ahmed
Faculty of Medicine and Health Sciences, Sana'a University, Yemen

ABSTRACT

Yemen's malaria epidemiology reflects conflitdrupted vector control where Anopheles
stephensi urban adaptation coincides with healthcare infrastructure collapse -creating
unprecedented transmission intensity. This epidemiological synthesis examines indoor residual
spraying program interruptions enigi Plasmodium falciparum resurgence through AQAP
controlled territories. Artemisinin resistance surveillance reveals K13 propeller gene mutations
though prevalence remains below Southeast Asian thresholds. Mass drug administration
campaigns confrontgat chewing culture interfering with primaquine metabolism timing.
Community health worker training integrat@steria medicdraditions recognizing neem and

sidr antipyretic properties complementing WHO protocols. Vector bionomics document
altitude shifts folbwing irrigation expansion creating highland transmission pockets. Economic
analysis confirms bednet distribution highest retominvestment intervention despite market
contamination with substandard products. G6PD deficiency prevalence necessitatggaipgm
dosing adjustments preservifayismgenetic adaptations. Spatial epidemiology identifies-Taiz
Hodeidahcorridor as principal transmission axis requiring ctfseatline coordination. Policy
frameworks advocate neutral humanitarian corridors securing insecticide deliveries alongside
Saudiled coalition aerial spraying waivers. Integration withkat charitdble traditions
mobilizes community financing sustaining surveillance during funding gaps. Research
establishes Yemen malaria control as paradigmatic conflict epidemiology where weaponized
neglect confronts resilient community responses requiring innovatoass paradigms beyond
conventional global health architectures.

Keywords: malaria epidemiology, Yemen conflict, vector control, artemisinin resistance,
humanitarian health
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MATERNAL AND CHILD HEALTHCARE CHALLENGES IN CONFLICT -
AFFECTED AREAS OF YEMEN

Dr. Ahmed Al-Saleh, Wafa AlEryani, Prof. Dr. Hanan Khalid
Mother and Child Health Institute, University of Science and Technology Sana'a, Yemen

ABSTRACT

Yemen's conflict maternity crisis manifests through collapsed obstetric triatgarsywhere
home births revert to pnmodern risk profiles compounded by malnutritioduced obstetric
hemorrhage. This clinical ethnography documesdya (traditional midwife) resurgence
preserving lowintervention normal deliveries though eclampsia ag@ment remains
pharmacologically constrained. Kangaroo mother care revivesilpssvaddlingtraditions
reducing neonatal sepsis through sidrskin contact culturally congruent with modesty norms.
Nutritional rehabilitation integratesalta protein fernentation enhancing therapeutic feeding
acceptability. Zakat committees sustain obstetric transport through informal ambulance
networks navigating frontlines. Mental health integration addresdfasan(anxiety) through
Quranic recitation complementing SSREconomic modeling confirms community health
fund model leveragingvaqf endowments sustains emergency obstetric care during aid
interruptions. Spatial analysis identifies HouBaudi frontline maternity deserts requiring
neutral access corridors. Pglicoadmap establisheam alabna (mother of children)
certification training traditional birth attendants in BEmONC protocols. Research positions
Yemeni maternal health within weaponized reproduction paradigm where epidemiological
weaponization confrontesilient female networks preserving demographic survival through
hybrid clinicattraditional systems honoring ancestral obstetrics confronting modern warfare's
gendered violence.

Keywords: maternal health, Yemen conflict, traditional midwifery, obstetriare¢c
humanitarian access
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EMERGING PATTERNS IN CHRONIC DISEASES AND PUBLIC HEALTH IN
ERITREA

Prof. Dr. Selam Tesfay, Dr. Yohannes Ghebre
School of Public Health, Asmara College of Health Sciences, Eritrea

ABSTRACT

Eritrea’s epidemiogical transition confronts infectious disease plateaus alongside rising non
communicable burdens where national service infrastructure creates unique chronic disease
management challenges. This health systems analysis documents diabetes care integration
throughbauxitemining clinics serving conscripted populations alongside cardiovascular risk
stratification incorporating traditionakela brewing cardiovascular protective effects.
Hypertension management leveragesva cereal fermentation preserving pggaum intake
through ancestral practices. Cancer epidemiology reveals cervical cancer peaks correlating with
marital age patterns preserved through cultural endogamy. Community health workers integrate
debtera(lay religious) counseling addressing diabetes-adherence framed through spiritual
disobedience narratives. Economic analysis confirms workplace screening highest yield
intervention capturing occupational cohorts. Policy frameworks adveeaesvillage) health
committees integrating chronic care with infectious surveillance creating unified platforms.
Research establishes Eritrean NCD emergence within statist health paradigm where national
service becomes chronic disease management laborasbingtconscriptiobased screening
confronting dietary transitions preserving fermentation cultures mitigating metabolic syndrome
through microbial diversity.

Keywords: chronic diseases, Eritrea public health, epidemiological transition, national service
health, fermentation nutrition
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VACCINATION UPTAKE AND PUBLIC HEALTH OUTCOMES IN ERITREA

Dr. Meron Habte, Assis. Prof. Dr. Sara Ghebreab, Mesfin Desta
National Immunization Program, Ministry of Health Asmara, Eritrea

ABSTRACT

Eritrea’s vaccination architecture leverages {iodépendence mass mobilization capacities
achieving measles elimination status througtyfa (liberation war) community solidarity
frameworks. This programmatic evaluation documents -tledoor campaigns integiag
shimagile(village elder) endorsements neutralizing vaccine hesitancy framed through historical
EPLF trust. Cold chain resilience confronts power instability through solar refrigeration
preserving potency duringadas(dry season) campaigns. Polio dication maintains zero
indigenous cases through crdssder Afar pastoralist surveillance. HPV vaccine introduction
navigatesgenital purity cultural anxieties through religious leader fatwas framing cervical
cancer prevention within family honor paraaig. Economic analysis confirms community
mobilization model highest cosffectiveness versus facildyased approaches. Policy
roadmap establishetebey (selfreliance) vaccine manufacturing partnerships with Cuba
reducing import dependency. Research tpmss Eritrean immunization as pestlonial
achievement where war mobilization capacities transform into public health infrastructure
preserving epidemiological gains through territoriatipted trust networks.

Keywords: vaccination programs, Eritrea gdidohealth, community mobilization, measles
elimination, seHreliance health
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STRATEGIES FOR WATER SANITATION TO REDUCE DISEASES IN ERITREAN
COMMUNITIES

Dr. Fikirte Kidane, Dr. Michael Abraham
Environmental Healtlnstitute, University of Asmara, Eritrea

ABSTRACT

Eritrean water sanitation confronts arid ecology whaikret (communal well) traditions
preserve social infrastructure though contamination risks persist duglag(rainy season)
overflows. This WASH sythesis documents ceramic filtration revival incorporatyegz
inscription prayers enhancing household acceptability alongside solar disinfection leveraging
high ultraviolet indexHasad(harvest) committees sustain latrine construction threughja
(district) competitions fostering peer accountability. School sanitation integregskerem
(September) mobilization achieving open defecation free status throughtgtapitily
transmission. Greywater management presesh@® (fermented batter) wastewattor teff
irrigation confronting water scarcity. Economic analysis confirms commigttytotal
sanitation highest return versus hardware subsidies. Policy frameworks integrate water
committees withinbaito (village council) governance ensuring sustained maintenance.
Research establishes Eritrean sanitation withinreétince paradigm where historidabot

(ark) communal veneration transforms into WASH infrastructure preserving cultural hydraulics
confrorting modern microbiological threats through territoriadlypropriate technologies.

Keywords: water sanitation, Eritrea WASH, communlgd total sanitation, cultural
hydraulics, selfeliance development
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ADVANCES IN BIOACTIVE COMP OUNDS EXTRACTION FROM FUNCTIONAL
FOODS

Prof. Dr. Min -Jae Lee, Dr. SuYeon Kim
Department of Food Science and Biotechnology, Seoul National University, South Korea

ABSTRACT

This paper presents recent advances in the extraction of bioemthy@unds from functional
foods, emphasizing process efficiency, compound stability, and scalability for industrial
application. Functional foods enriched with polyphenols, carotenoids, peptides, and
phytosterols have been widely recognized for their piateto prevent chronic diseases and
enhance overall health; however, the effective recovery of these compounds remains a critical
technological challenge. The study reviews and compares conventional extraction methods,
such as solvent extraction and S@thechniques, with emerging green technologies including
supercritical fluid extraction, ultrasowassisted extraction, microwaassisted extraction,

and pressurized liquid extraction. Particular attention is given to how process parameters
solvent type temperature, pressure, and extraction traffect yield, selectivity, and the
structural integrity of headensitive components. Case studies involving berries, whole grains,
tea, and fermented foods illustrate how optimized methods can maximize Baacivery

while minimizing solvent use and environmental impact. The paper also highlights advances in
process integration, such as coupling membrane separation or encapsulation with extraction to
enhance purity and functional stability in final produdBhallenges related to scale,
regulatory approval, and cesffectiveness are discussed, alongside the need for standardized
analytical protocols to ensure reproducibility and comparability across studies. Overall, the
analysis suggests that the conwsrge of green engineering, process modeling, and
omicsbased characterization will be key to unlocking the full potential of functional foods as
reliable carriers of healthromoting compounds.

Key words: functional foods, bioactive compounds, green didrgcsupercritical fluids,
process optimization
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APPLICATION OF NANOTECHNOLOGY IN FOOD PRESERVATION AND
SAFETY

Dr. Hyunwoo Park
Department of Food Engineering, Korea University, South Korea

ABSTRACT

This study explores the applicationr@notechnology in food preservation and safety, focusing
on how nanoscale materials and systems can extendlihelhhibit microbial growth, and
improve contaminant detection. After outlining fundamental concepts of nanostructures and
their unique phyisochemical properties, the paper reviews key classes of materials used in food
systems, including naremulsions, nanencapsulated antimicrobials, metal and mexadle
nanoparticles, and nanocomposite packaging films. The research synthesizes fimiings f
recent experimental and pitetale studies to evaluate the effectiveness of these technologies
in controlling spoilage microorganisms, reducing oxidation, and modulating the release of
active compounds such as natural preservatives and antioxidamisulBr emphasis is placed

on smart packaging applications, where nanosensors and indicator systems proioe real
information on temperature abuse, gas composition, or pathogen presence, thereby enhancing
traceability and consumer confidence. At laene time, the paper critically examines potential
risks related to nanoparticle migration, bioaccumulation, and toxicological uncertainty,
highlighting the importance of rigorous safety assessment, clear regulatory frameworks, and
transparent communicatio with stakeholders. The analysis suggests that responsible
deployment of nanotechnology requires balancing technological benefits with precautionary
principles, integrating lifeycle assessment and rlsknefit analysis into product development.
The stug concludes that nanotechnology offers transformative opportunities for food
preservation and safety, provided that interdisciplinary collaboration between food scientists,
toxicologists, regulators, and industry is maintained.

Key words: nanotechnologypdd preservation, smart packaging, antimicrobial activity, food
safety
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DEVELOPMENT OF NATURAL FOOD ADDITIVES FROM PLANT EXTRACTS

Assoc. Prof. Dr. Zahra Mohammadi, Fatemeh Hosseini, Reza Karimi
Department of Food Science and Technologyiyehsity of Tehran, Iran

ABSTRACT

This paper investigates the development of natural food additives from plant extracts as
alternatives to synthetic preservatives, colorants, and antioxidants. Growing consumer concern
about artificial additives and theiofential health effects has intensified research into bioactive
compounds derived from herbs, spices, fruits, and agriculturgrducts. The study first
reviews major classes of plabased additives-polyphenolic antioxidants, natural pigments
such as athocyanins and carotenoids, and antimicrobial essentia-bitghlighting their
mechanisms of action in complex food matrices. Experimental work then focuses on selected
Iranian plants, including pomegranate peel, saffroptogucts, and rosemary, whieahe rich

in phenolic compounds and volatile constituents. Extraction conditions are optimized using
responsesurface methodology to maximize yield and activity while maintaining sensory
acceptability. The functional performance of these extracts is egdlummodel food systems

such as meat products, bakery items, andheiater emulsions, assessing parameters like lipid
oxidation, microbial load, color stability, and consumer acceptance. Results indicate that
appropriately formulated plant extracts cgnificantly enhance shelife and quality, often
matching or surpassing conventional synthetic additives. However, challenges related to
variability in rawmaterial composition, potential effavors, and regulatory standardization
remain. The paper gwes that combining advanced extraction techniques, encapsulation
technologies, and careful formulation can help overcome these limitations. It concludes that
natural additives from plant extracts represent a promising strategy forlabedrproduct
devdopment and valuadded use of local botanical resources.

Key words: natural food additives, plant extracts, antioxidants, essential oils|aidean
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EVALUATION OF PROBIOTIC STRAINS FOR DAIRY PRODUCT ENRICHMENT

Dr. Sara Ahmadi, Milad Farzan
Department of Food Science and Technology, Ferdowsi University of Mashhad, Iran

ABSTRACT

This study evaluates selected probiotic strains for their suitability in enriching dairy products,
emphasizing technological robustness, headtated functionaty, and sensory impact.
Probiotics must withstand processing conditions, survive gastrointestinal transit, and exert
measurable benefits on host health; yet not all strains are compatible with specific dairy
matrices or manufacturing processes. The rekBeamreens multiple Lactobacillus and
Bifidobacterium strains for acid and bile tolerance, adhesion potential to intestinal cell models,
and antimicrobial activity against common pathogens. Parallel trials in yogurt and fermented
milk are conducted to assefermentation kinetics, pH evolution, viability during cold storage,
and effects on texture and flavor. The findings show that strains exhibiting strong stress
tolerance and adhesion characteristics can maintain high viable counts over typidaleshelf
without compromising product quality. In some cases, they contribute positively to viscosity
and flavor complexity, whereas other strains generate excessive acidity -notedf
underscoring the need for strapecific evaluation. The study also revieamserging evidence

on probiotic modulation of gut microbiota, immune response, and metabolic markers,
connecting in vitro properties with potential in vivo outcomes. Regulatory considerations
regarding minimum viable counts, strain identification, andthed&ims are discussed, along

with the importance of clear labelling for consumers. Overall, the results support the targeted
selection of probiotic strains tailored to specific dairy products and health objectives, rather
than a onesizefits-all approab.

Key words: probiotics, dairy products, strain selection, functional foods, fermented milk
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SHELF-LIFE EXTENSION TECHNIQUES FOR PERISHABLE FOOD ITEMS

Prof. Dr. Muhammad Aslam, Dr. Ayesha Khan, Asim Raza
Department of Food Science and Human Nutrition, University of Agriculture Faisalabad,
Pakistan

ABSTRACT

This paper reviews and experimentally evaluates 4ifielextension techniques for highly
perishable food items, including fresh produce, meats, anohally processed reaep-eat
products. Perishability leads to substantial postharvest losses arshfebdrisks, particularly

in regions with limited colethain infrastructure. The study first synthesizes current knowledge
on physical, chemical, andidiogical preservation methods, such as modiagdosphere
packaging, edible coatings, hurdle technology, and the use of natural antimicrobial agents.
Building on this review, pilescale trials are conducted on strawberries, chicken fillets, and
leafy veggetables to compare combinations of techniques under realistic storage and distribution
conditions. Quality indicatorsincluding microbial counts, physicochemical parameters,
texture, color, and sensory attributeare monitored over time to determine effeeness and
potential tradeoffs. Results demonstrate that integrated strategies, for example edible coatings
enriched with plantlerived antimicrobials combined with optimized temperature and humidity
control, significantly prolong shelife without conpromising sensory quality. The paper also
addresses economic and logistical considerations, emphasizingostweasily adoptable
interventions for small and medium enterprises. Attention is given to consumer perception and
the importance of clear labelly to avoid confusion between freshness and technologically
preserved quality. The study concludes that corgpgtific combinations of preservation
techniques provide the most promising route to reducing waste, enhancing food safety, and
improving accest nutritious foods.

Key words: sheHife extension, perishable foods, edible coatings, moddiatosphere
packaging, food quality
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OPTIMIZATION OF ENZYMATIC PROCESSING FOR FOOD TEXTURE
IMPROVEMENT

Dr. Nadia Qureshi, Abdul Rehman
Deparment of Food Technology, University of Lahore, Pakistan

ABSTRACT

This study focuses on the optimization of enzymatic processing strategies aimed at improving
the texture of various food products, including bakery items, dairy desserts, antgsiadt
alternatives. Enzymes such as proteases, amylases, transglutaminases, and pectinases can
selectively modify macromolecular structures, thereby influencing rheology, mouthfeel, and
product stability. The research employs a combination of experimental desigmealayical
analysis to determine optimal enzyme type, dosage, and processing conditions for targeted
textural outcomes. Model systems are formulated to represent-fleéchread, yoguitype

gels, and fruidbased fillings, each presenting distinct stanal challenges. Responrserface
methodology is used to evaluate interactions between temperature, pH, incubation time, and
enzyme concentration, with texture profile analysis and dynamic rheometry providing
guantitative measures of hardness, elasfi@ihd creaminess. Results indicate that carefully
tuned enzymatic treatments can significantly enhance softness and volume infrgkiten
breads, improve gel firmness and syneresis control in dairy and analog products, and adjust
viscosity in fillings without resorting to synthetic hydrocolloids. The study also discusses the
importance of inactivating residual enzyme activity to prevent -owvaification during
storage. Regulatory and labelling aspects are considered, particularly in relation to consumer
perception of enzymrocessed foods. The paper concludes that enzymatic processing, when
optimized through systematic experimentation, offers a versatile andlatesirapproach to
tailoring food texture in line with both technological requirements ansosg®@xpectations.

Key words: enzymes, food texture, process optimization, rheology, gheeproducts
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IMPACT OF FOOD PACKAGING MATERIALS ON QUALITY AND SAFETY

Dr. Carlos Mendoza, Prof. Dr. Ana Torres, Luis Ramirez, Maria Lopez
Departnent of Food Science and Technology, University of Barcelona, Spain

ABSTRACT

This paper examines the impact of food packaging materials on product quality and safety,
highlighting the complex interactions between packaging, food componentextardal
environmental factors. The study reviews common packaging matemalkiding glass,
metals, papebased composites, and a range of petroldanved and bidased plasties-and
assesses their barrier properties, mechanical performance, and ibiisgept migration of
constituents into food. Laboratory experiments are conducted using representative foods with
high fat, high acidity, and high moisture to evaluate how different materials influence oxidation,
moisture loss or gain, flavor stabilitgnd microbial growth during storage. Particular attention

is paid to the migration of monomers, plasticizers, and priatikgcomponents, using
chromatographic and spectrometric methods to quantify potential contaminants under
standardized conditions. €hlesults confirm that inappropriate material selection or processing
can compromise both safety and sensory quality, especially for-stwlg§life and
high-temperature applications. The paper also surveys advances in active and intelligent
packaging, inluding oxygen scavengers, antimicrobial films, and titemperature indicators,
discussing their potential benefits and regulatory challenges. Sustainability considerations are
integrated through discussion of recyclability, carbon footprint, and the rpemice of
emerging biebased polymers compared with conventional plastics. The study concludes that
optimal packaging design requires a holistic approach that balances protection, safety,
environmental impact, and consumer expectations. It recommendgestroollaboration
between material scientists, food technologists, and regulatory bodies to ensure that packaging
choices support highuality, safe, and sustainable food systems.

Key words: food packaging, migration, product quality, active packagingtysaf
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ADVANCES IN NANOMATERIALS FOR SUSTAINABLE ENERGY
APPLICATIONS

Prof. Dr. Jong-Hoon Kim
Department of Materials Science and Engineering, Seoul National University, South Korea

Dr. Min -Soo Lee
School of Chemical and Biomolecular Enginegr Korea Advanced Institute of Science and
Technology (KAIST), South Korea

SeungJae Park
Department of Nanoscience and Technology, Pohang University of Science and Technology
(POSTECH), South Korea

ABSTRACT

This paper provides a critical overview of eat advances in nanomaterials for sustainable
energy applications, with a particular focus on solar energy conversion, energy storage, and
electrocatalysis. The study first outlines key classes of nanomatemalsiding
semiconductor quantum dots, metadide nanostructures, twdimensional materials, and
hybrid organieinorganic frameworks-and examines how size, morphology, and surface
chemistry modify their optical, electronic, and catalytic properties. Attention is given to
strategies for enhancing liglabsorption and chargearrier separation in photovoltaic and
photoelectrochemical systems through bga@ engineering, plasmonic enhancement, and
heterostructure design. The paper then reviews the role of nanomaterials-gemengtion
batteries andupercapacitors, where engineered porosity and high surface area enable fast ion
transport and improved cycling stability. In electrocatalysis, nanostructured catalysts for
hydr ogen evoluti on, oxygen reducti on, and
approaches that reduce precigustal loading and exploit earbundant elements.
Throughout, the authors highlight challenges related tolsecgke synthesis, lorpgrm stability

under operating conditions, and the environmental and health implicatiamsnoparticle
release. Lifecycle perspectives and recycling strategies are briefly considered to assess the
overall sustainability of nanomaterihsed technologies. The paper concludes that while
nanomaterials have already delivered significant pediocea gains, future progress will
depend on integrating fundamental materials design with scalable fabrication, device
engineering, and rigorous assessment of ecological impact.

Keywords: nanomaterials, sustainable energy, photovoltaics, energy storagmatalysis
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OPTIMIZATION OF SMART GRID SYSTEMS USING MACHINE LEARNING
TECHNIQUES

Assoc. Prof. Dr. EunJi Choi
Department of Electrical Engineering, Korea University, South Korea

Hee-Won Lim
School of Computer Science and Engineering, Yonsei University, South Korea

ABSTRACT

This paper investigates the application of machine learning techniques to the optimization of
smart grid systems, focusing on demand forecastingitineal control, and imgration of
distributed renewable resources. After outlining the architecture of contemporary smart grids,
the study classifies key optimization problems, including load balancing.sheaikng, voltage
regulation, and fault detection. A comparative fraradwis presented for supervised,
unsupervised, and reinforcemédearning approaches, highlighting their respective data
requirements and computational characteristics. Case studies based on historical load profiles
and simulated microgrid scenarios arediso evaluate algorithms such as long sterh
memory networks for sheterm load forecasting, clustering methods for consumer
segmentation, and deep reinforcement learning for adaptive energy management. Results
indicate that machinkarningbased cotrollers can significantly reduce operational costs and
emissions while maintaining system reliability, especially when combined witkrésgitution

sensor data and advanced metering infrastructure. The paper also addresses practical
challenges, includp model interpretability, cybesecurity risks, and the need for robust
performance under nestationary conditions caused by weather variability and behavioral
changes. It argues that hybrid schemesmbining datadriven models with physical
powersystenmconstraints—offer a promising path toward trustworthy deployment at scale. The
conclusion emphasizes the importance of standardized datasets, interoperable platforms, and
interdisciplinary collaboration between power engineers and data scientists redlilhg the
potential of machine learning in smart grid optimization.

Keywords: smart grid, machine learning, load forecasting, energy management, reinforcement
learning
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DESIGN AND ANALYSIS OF STRUCTURAL HEALTH MONITORING SYSTEMS

Dr. RezaAlizadeh
Department of Civil and Environmental Engineering, Sharif University of Technology, Iran

Ali Nazari
School of Mechanical Engineering, Iran University of Science and Technology, Iran

Samira Mohammadi
Department of Electrical Engineering, Amirkabiniversity of Technology (Tehran
Polytechnic), Iran

ABSTRACT

This paper presents an integrated framework for the design and analysis of structural health
monitoring (SHM) systems in civil and mechanical infrastructure. The study begins by
reviewing key SH/ objectives—damage detection, localization, severity assessment, and
prognosis—and summarizes common sensing technologies, including accelerometers, strain
gauges, fibepptic sensors, and visidrased systems. A systematic methodology is proposed
that links sensor placement, datequisition strategies, and damagmnsitive feature selection

to the operational and environmental conditions of the monitored structure. Using numerical
models and experimental data from bridges and tall buildings, the autbanpare
vibrationbased modal analysis, impedai@sed methods, and machiearningdriven

pattern recognition techniques for detecting stiffness loss and crack initiation. Particular
emphasis is placed on dealing with noise, temperature effects, amipiete measurements,

for which Bayesian updating and dditesion approaches are introduced. The paper also
discusses practical issues such as power supply, wireless communication constraints, and
long-term system reliability. Case studies demonstrateviletitdesigned SHM systems can
significantly reduce inspection costs, improve safety margins, and extend service life by
enabling conditiorbased maintenance. Finally, the authors outline future research directions,
including digital twins, edge computitfigr on-site diagnostics, and the integration of SHM data

into assetmanagement decision tools.

Keywords: structural health monitoring, sensors, damage detection, vibration analysis, data
fusion
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RECENT DEVELOPMENTS IN RENEWABLE ENERGY HARVESTING METHODS

Assis. Prof. Dr. Farhad Mousavi
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Dr. Leyla Tabrizi
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Nima Shariati
Department of Electrical Engineeg, Ferdowsi University of Mashhad, Iran

Hamid Rezaei
Faculty of Engineering, Shiraz University, Iran

ABSTRACT

This paper reviews recent developments in renewable energy harvesting methods, with an
emphasis on integrated solutions that combine multipdsources and advanced
powerconversion technologies. The study surveys progress in solar photovoltaic and
solarthermal systems, onshore and offshore wind, sewale hydropower, and emerging
technologies such as piezoelectric, thermoelectric, and dhilaséised harvesters. For each
technology, key innovations in materials, device architecture, and control strategies are
discussed, highlighting improvements in conversion efficiency, reliability, and adaptability to
variable environmental conditions. Spedcittention is given to hybrid system$or example,
solarwind or solarbiomass configurationrsthat aim to provide more stable power output for
off-grid communities and microgrids. The paper also examines maximum-poumetracking
algorithms, multinput converters, and energyorage integration as critical enablers of
efficient harvesting. Environmental and seeimonomic aspects, including land use, resource
intermittency, and local manufacturing capacity, are briefly considered to contextualize
techical advances. Case studies from pilot projects demonstrate that properly designed hybrid
and smartcontrolled systems can significantly enhance capacity factors and reduce levelized
cost of energy compared to singleurce installations. The authors clude that future
research should prioritize reliability under harsh conditions, recyclability of components, and
systemlevel optimization that accounts for demand profiles and grid constraints.

Keywords: renewable energy, energy harvesting, hybrid systepwmsver conversion,
microgrids
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APPLICATION OF IOT IN INDUSTRIAL AUTOMATION AND CONTROL

Prof. Dr. Muhammad Aslam
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Dr. Zara Kh an
Department of Industrial Engineering, University of Engineering and Technology Lahore,
Pakistan

ABSTRACT

This paper examines the application of the Internet of Things (IoT) in industrial automation and
control, focusing on how connected sensing, comoaiimn, and analytics can enhance
efficiency, flexibility, and safety in manufacturing environments. The study outlines a layered
reference architecture comprising field devices, edge gateways, cloud platforms, and enterprise
applications, and describesnamunication protocols commonly used in industrial 10T, such as
MQTT, OPC UA, and timesensitive networking. Through illustrative use caspgedictive
maintenance of rotating machinery, réade monitoring of production lines, and enesmyare

control of uilities—the paper demonstrates how 10T systems enablgfaiaed visibility into
process conditions and support ddteven decisiormaking. Particular emphasis is placed on
edge computing, which allows local preprocessing, anomaly detection, atatéoay control

while reducing bandwidth requirements and improving resilience to connectivity disruptions.
The authors also discuss cylsercurity and privacy challenges, introducing strategies such as
network segmentation, secure device provisioning, aramnalybased intrusion detection.
Implementation barriers, including legacy equipment integration and workforce skills gaps, are
analyzed based on experiences from pilot deployments in small and medium manufacturing
enterprises. The paper concludes thatssasful adoption of industrial 10T requires not only
appropriate technology choices but also organizational change, clear governance frameworks,
and sustained collaboration between operations, IT, and management.

Keywords: Internet of Things, industrialdomation, edge computing, predictive maintenance,
cybersecurity
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DEEP LEARNING TECHNIQUES FOR DEFECT DETECTION IN
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Department of Industrial and Manufacturing Engineering, NED University of Engineering
and Technology, Pakistan

Amna Tariq
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Prof. Dr. Kamran Siddiqi
Faculty of Engineering, NED Universitf Engineering and Technology, Pakistan

Imran Javed
Department of Mechanical Engineering, NED University of Engineering and Technology,
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ABSTRACT

This paper investigates the use of deep learning techniques for automated defect detection in
manufactiring processes, with an emphasis on vidlased inspection of surfaces,
components, and assemblies. Traditional-hdsed imag@rocessing methods often struggle

with variations in illumination, texture, and defect appearance, leading to inconsistent
perfformance and high manuflning costs. In contrast, convolutional neural networks and
related architectures can learn discriminative features directly from labeled datasets, enabling
robust detection of subtle and complex defects. The study presentsraatysworkflow that
includes dataset acquisition and augmentation, network selection and training, and deployment
on embedded hardware for re¢ghe operation. Several architectures, including ResNé&tet)

and YOLGstyle detectors, are compared on lbenark datasets representative of metal surface
inspection, printegtircuit-board analysis, and packaging quality control. Experimental results
show that deep learning models achieve significantly higher detection accuracy and lower
falsealarm rates thanomventional approaches, particularly when combined with transfer
learning and domaispecific augmentation strategies. The paper also addresses practical
challenges such as limited labeled data, explainability of model decisions, and integration with
exising qualitymanagement systems. Hybrid humasthe-loop workflows are proposed to
handle ambiguous cases and continuously improve model performance. The authors conclude
that deep learning has the potential to transform industrial inspection frominésive,
reactive practices into proactive, datdven quality assurance.

Keywords: deep learning, defect detection, computer vision, quality control, manufacturing
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ADVANCED ROBOTICS FOR PRECISION AGRICULTURE
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ABSTRACT

This paper explores the deployment of advanced robotics in precision agriculture, focusing on
field operations such as sispecific fertilization, targeted pesticide applicati@elective
harvesting, and crop monitoring. The study surveys the current state of ground and aerial robotic
platforms, including autonomous tractors, mobile manipulators, and unmanned aerial vehicles
equipped with multspectral and thermal sensors. Aceptual framework is proposed that

links robotic capabilities-navigation, perception, manipulation, and coordinatiom
agronomic objectives like yield optimization, resource efficiency, and reduction of chemical
inputs. Case studies from experimentafrfain Latin America demonstrate how simultaneous
localization and mapping, machivesion-based plant recognition, and variabdte
application algorithms can be integrated into robust field systems. The paper analyzes technical
challenges arising from structured outdoor environments, including uneven terrain, dynamic
obstacles, and changing illumination, and discusses how sensor fusion and adaptive control
strategies can mitigate these issues. Secamomic aspects, such as farm size, labor
availability, and technology cost, are considered to evaluate the feasibility ofsleatge
adoption in both industrial and smallholder contexts. The authors argue that advanced
agricultural robotics, when combined with agronomic expertise and data analytics, can
significantly contribute to sustainable food production under climate and market uncertainties.
However, they emphasize the need for interoperable standards, local capacity building, and
participatory design processes to ensure that robotic technologies aligi t h f ar mer s’
ecological constraints.

Keywords: precision agriculture, agricultural robotics, autonomous vehicles, crop monitoring,
variablerate application
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SMART TRANSPORTATION SYSTEMS AND TRAFFIC MANAGEMENT USING
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ABSTRACT

This paper examines the application of artificial lidence (Al) in smart transportation
systems and traffic management, with a focus on urban environments facing congestion,
pollution, and safety challenges. The study begins by describing the architecture of intelligent
transportation systems, includingrsor networks, connected vehicles, control centers, and
travelerinformation services. It then reviews Al methods used for traffic prediction, signal
control, incident detection, and dynamic route guidance, highlighting maleangng and
reinforcemerearning algorithms that can adapt to changing conditions. Case studies from
simulated and reakorld corridors demonstrate that -Ativen adaptive signal control can
reduce average travel times and emissions compared to -timed plans, while
deeplearnng-based incident detection improves response times to accidents and breakdowns.
The paper also explores the integration of data from connected vehicles and mobile devices,
which provides higtresolution information but raises privacy and cybecurity cocerns.
Strategies for anonymization, secure communication, anddtglsystem design are discussed.
Finally, the authors consider institutional and regulatory barriers, such as fragmented
responsibilities among agencies and the need for standardiagolatérms, which can hinder

Al adoption. They conclude that Anabled traffic management can play a central role in
sustainable urban mobility, provided that technological innovation is accompanied by
governance reforms and stakeholder engagement.

Keywords: smart transportation, artificial intelligence, traffic management, connected
vehicles, adaptive signal control
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SUSTAINABLE WATER RESOURCE MANAGEMENT IN AFRICAN URBAN
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Dr. Samuel Okoro
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ABSTRACT

This paper examines the challenges and opportunities associated with sustainable water
resource management in rapidly growing African urban areas. Many cities on the continent face
a combination of aging infrasicture, informal settlement expansion, climetguced
variability in rainfall, and institutional fragmentation, all of which undermine reliable and
equitable water provision. The study adopts a mixedhods approach, combining analysis of
policy documats and serviceoverage statistics from selected West and East African cities
with interviews conducted with utility managers, local officials, and community
representatives. Findings indicate that conventional centralized systems struggle to keep pace
with urbanization, resulting in uneven access and-extaction of groundwater, while
intermittent supply increases the risk of contamination in distribution networks. However, the
research also identifies promising practices, including decentralized atainlvarvesting,
managed aquifer recharge, sadhle treatment plants, and gpoor tariff structures supported

by crosssubsidies. Particular attention is paid to governance arrangements: cities that integrate
water planning with landise regulation, ptcipatory neighborhood upgrading, and transparent
performance monitoring achieve more sustainable outcomes than those relying solely on
technocratic, tolown solutions. The paper argues that sustainable urban water management
in Africa requires a shifttoward adaptive, hybrid systems that combine centralized
infrastructure with communitpased and natwigased solutions. It concludes by proposing a
framework for policymakers that links demand management, ecosystem protection, and
inclusive governance, grhasizing the need for capacltyilding, climateresilient investment,

and regional knowledge sharing.

Key words: urban water management, Africa, sustainability, governance, climate resilience
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ADVANCES IN WASTE -TO-ENERGY TECHNOLOGIES FOR AFRICAN
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Technology, Ghana

ABSTRACT

This paper reviews recent advances in wastenergy (WtE) techrlogies and evaluates their
suitability for deployment in African communities facing mounting municipal seadte and
energyaccess challenges. Rapid urbanization and changing consumption patterns have
increased waste generation across African citieslevgtectricity grids remain unreliable or
inaccessible in many pewrban and rural areas. The study synthesizes technical and
sociaeconomic evidence on a spectrum of WtE options, including anaerobic digestion,
smallscale incineration with energy recoygmasification, and cprocessing in existing
industrial plants. Drawing on case studies from Ghana, Kenya, and South Africa, the paper
compares capital and operating costs, feedstock requirements, emissions profiles, and local
job-creation potential. Thanalysis shows that decentralized anaerobic digestion and modular
gasification wunits are particularly promising for medisiped municipalities and
agraindustrial clusters, where organic waste streams are abundant and heat or electricity
demand is relately stable. However, successful implementation depends on reliable
wastesegregation systems, appropriate regulatory standards, andtetamgfinancing
mechanisms. Social acceptance emerges as a critical factor: projects that involve communities
in plannng, ensure transparent communication about environmental safeguards, and provide
tangible cebenefits—such as affordable cooking gas or street lightiage more likely to
endure. The paper concludes that WtE should not be seen as-alstandolution buas part

of integrated solidvaste management that prioritizes reduction, reuse, and recycling. Policy
recommendations include developing clear national WtE strategies, fostering-pridite
partnerships, and supporting research on locally adaptegrtogsion technologies.

Key words: wastg¢o-energy, solidvaste management, Africa, renewable energy, anaerobic
digestion
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ASSESSING SOIL REMEDIATION TECHNIQUES IN KYRGYZSTAN'S
INDUSTRIAL ZONES
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Department of Environmental Science, Kyrgyz National University, Kyrgyzstan

ABSTRACT

This paper evaluates the effectiveness and feasibility ofeoiédiation techniques applied in
industrial zones of Kyrgyzstan affected by moy metallurgy, and chemical production.
Decades of poorly regulated industrial activity have left contaminated hotspots with elevated
levels of heavy metals, hydrocarbons, and other persistent pollutants, posing risks to human
health and surrounding ega$ems. The study combines field sampling and laboratory analysis
with a review of pilot projects and remediation plans implemented in selected sites near
Bishkek, Osh, and former mining settlements. Techniques assessed include soil excavation and
secure andfilling, in-situ stabilization/solidification, phytoremediation using native plant
species, and soil washing with chelating agents. Results indicate that while excavation provides
rapid risk reduction, it is costly and merely transfers contaminantsotbex location, raising
issues of longerm storage and monitoring. Stabilization reduces metal mobility but requires
careful control of additives and may limit future land use. Phytoremediation emerges as a
costeffective option for large, moderately ¢caminated areas, though it demands ryétr
commitment and robust biomassgmnagement strategies. The research highlights institutional
and financial constraints, including limited enforcement capacity, fragmented responsibility
among agencies, and indafént public awareness of saibntamination risks. The paper
argues for an integrated remediation framework that prioritizesbeskd decisiemaking,
combines technologies according to local conditions, and incorporates community participation
in plaming and monitoring. It concludes with recommendations for developing national
guidelines, strengthening environmental liability mechanisms, and promoting international
cooperation to address | egacy pollution in

Key words: sd remediation, industrial pollution, Kyrgyzstan, heavy metals, phytoremediation
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AIR POLLUTION IMPACTS ON PUBLIC HEALTH IN KYRGYZSTAN URBAN
CENTERS
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School of Public Health, Kysg State Medical Academy, Kyrgyzstan

ABSTRACT

This study investigates the health impacts of urban air pollution in major Kyrgyzstani cities,
with a primary focus on Bishkek and Osh. Rapid motorization, reliance on coal agdéadity

fuels for heating, ah outdated industrial facilities have led to frequent exceedances of
particulatematter and nitrogeonxide standards, particularly during winter inversion episodes.
The research integrates -guality monitoring data with hospital admission records and
community health surveys to estimate the burden of respiratory and cardiovascular diseases
attributable to ambient pollution. Tinseries and regression analyses reveal statistically
significant associations between sherm increases in PM2.5 concentraioand hospital

visits for asthma, bronchitis, and ischemic heart disease, even after controlling for temperature,
seasonal trends, and soceiconomic factors. Vulnerable populatienscluding children, the
elderly, and residents of informal settlementsrneejor roads or industrial sitesare
disproportionately affected. Qualitative interviews highlight limited public awareness of
pollution risks and constrained capacity for behavioral adaptation, such as the use of cleaner
heating technologies or avoidarafeoutdoor activity during higipollution episodes. The paper
argues that addressing urban air pollution in Kyrgyzstan requires a combination of regulatory
and publiehealth measures, including stricter emission standards for vehicles and small boilers,
phased reduction of coal use, and expansion of public transport. HtepHlt assessments
should be systematically integrated into udptéanning and energpolicy decisions. The study
concludes that investing in cleaner air would yield substantiakecdits in terms of reduced
healthcare costs, improved labor productivity, and enhanced quality of life.

Key words: air pollution, public health, Kyrgyzstan, urban environment, particulate matter
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EVALUATION OF SOLID WASTE MANAGEMENT SYSTEMS IN YEMEN

Faisal Al-Hadhrami
Department of Environment al Engineering

ABSTRACT

This paper evaluates existing selidiste management systems in selected Yemeni cities under
conditions of protracted conflict and economic instabiliMunicipalities face severe
constraints in collection coverage, disposal practices, and institutional capacity, leading to
uncontrolled dumping, open burning, and growing pubéalth risks. The study employs field
observations, stakeholder interviewsjananal ysi s of muni ci pal reco
Taiz to assess system performance across the-mastagement chain: generation, collection,
transfer, recycling, and final disposal. Findings reveal highly fragmented services, with formal
collection limited to central districts and informal wagigkers playing a crucial yet
unrecognized role in recovering recyclable materials. Existing dumpsites lack basic engineering
controls, resulting in leachate contamination and vector proliferation. Desgggted¢hallenges,

local initiatives—such as communitpased collection schemes, N&Opported recycling
projects, and small composting operatieftemonstrate potential pathways for incremental
improvement. The paper argues that realistic strategies for Yemshprioritize lowcost,
laborintensive approaches that build on existing informal practices while gradually
strengthening regulatory frameworks and technical standards. Recommended measures include
formalizing and protecting the role of wagtiekers,promoting source separation for organics

and recyclables, and developing simple sanilangfill cells where security conditions allow.

The study concludes that even in fragile contexts, targeted interventions anduoported
capacitybuilding can sigificantly reduce environmental and health impacts of solid waste,
laying groundwork for more comprehensive systems in the future.

Key words: solidwaste management, Yemen, informal sector, dumpsites, fragile states
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STRATEGIES FOR MITIGAT ING WATER POLLUTION IN YEMENI
AGRICULTURE

Dr. Hana Mohammed, Saeed AlSaadi, Assoc. Prof. Dr. Lubna AIDIn
Department of Environmental Science, Un

ABSTRACT

This study analyzes sources of water pollution linked to agriculturatiggaan Yemen and
proposes mitigation str at egarce aand tcanflichffecteé d t o
context. Unsustainable groundwater abstraction, intensive use of chemical fertilizers and
pesticides, and inadequate management of livestockewaste degraded surface and
groundwater quality in key farming regions. The research combines-guaikty sampling

from wells and irrigation canals with farmer surveys and padicgument review to identify
pollution hotspots and institutional gaps. Resteveal elevated nitrate, salinity, and pesticide
residues in many irrigation sources, exceeding recommended thresholds for drinking and, in
some cases, for crop irrigation. Farmers often lack access to extension services and rely on
shortterm yield maimization, unaware of cumulative impacts on soil and water resources. The
paper evaluates potential interventions, including integrated-npe@sagement practices,
controlled fertilizer application, promotion of drougbterant and less inpumitensive cops,

and adoption of localized irrigation systems that reduce leaching and runoff. Policy
recommendations emphasize the need to strengthenquatitly monitoring, incentivize good
agricultural practices through subsidies or credit schemes, and integtat@ollution control

into broader national watsre cur i ty strategi es. The study c
limited water resources requires coordinated efforts among agricultural, water, and
environmental institutions, as well as engagement Vadal communities and traditional
watermanagement structures.

Key words: water pollution, agriculture, Yemen, groundwater quality, best management
practices
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MONITORING ENVIRONMENTAL CHANGES USING REMOTE SENSING IN
ERITREA
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ABSTRACT

This paper demonstrates the application of rersetesing and geographitformationsystem

(GIS) techniques for monitoring environmental changes in Eritrea, a country characterized by
diverse ecosystems and increasing pressure from climate variability and human activities.
Using multitemporal satellite imagery from Landsat and Sentinel missions uthe abalyzes
land-cover change, vegetation dynamics, and shoreline variation over the past three decades in
selected highland, lowland, and coastal areas. Standardized indices, including the Normalized
Difference Vegetation Index and lasdrfacetemperatte metrics, are combined with
supervised classification and chardgtection algorithms to quantify trends in deforestation,
agricultural expansion, urban growth, and land degradation. Results indicate significant loss of
natural vegetation in densely pdgied highland zones, localized expansion of irrigated
agriculture in lowland plains, and observable coastal changes linked to erosion and
infrastructure development. Groutrdithing through field visits and consultation with local
experts confirms the nmapatterns and provides contextual interpretation. The paper argues that
remote sensing offers cesftfective, timely information for environmental planning in
countries with limited groundhonitoring networks. It recommends institutionalizing regular
satdlite-based assessments within national agencies, integrating reemsieg data with
communitybased observations, and using the outputs to supportutndplanning,
climateadaptation strategies, and disasiek reduction. The study concludes that
strengthening technical capacity in remote sensing and GIS is essential for eadeade
environmental governance in Eritrea.

Key words: remote sensing, environmental change, Eritrea, GIS¢daed monitoring
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MATERNAL HEALTHCARE ACCESS AND SOCIOECONOMIC BARRIERS
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ABSTRACT

This study examirge maternal healthcare access and the socioeconomic barriers faced by
women living in rural regions of Kyrgyzstan, where geographic isolation, limited infrastructure,
and persistent poverty converge to shape pregnancy outcomes. Using-an@ilkeds design,

the research combines faciibased surveys with idepth interviews and focus groups
conducted in several villages across two provinces. Quantitative data capture patterns of
antenatal visits, facilihased deliveries, owif-pocket expenditures, aneldys in seeking or
receiving care, while qualitative narratives illuminate how gender roles, household bargaining,
and trust in health institutions influence
national policies have expanded formal coverfny maternal services, many rural women still
encounter significant financial obstacles, including informal payments, transport costs, and lost
income from farm or household work. Distance to facilities, seasonal road conditions, and
shortages of femal@roviders further discourage timely caeeking. Social norms that
prioritize husbands’ and el ders’ approval c
and previous negative experiences with disrespectful treatment reduce willingness to return.
Nevertheless, the study also identifies local resilience strategies, such as coriaseity
savings groups, informal transport networks, and midieifle outreach, which partially
mitigate structural constraints. The paper argues that effective improvehmeaternal health

in rural Kyrgyzstan requires not only increased investment in infrastructure and human
resources but also targeted interventions that reduce hidden costs, strengthen respectful
maternity care, and involve families and community leadirs health promotion.
Recommendations include developing contpécific voucher schemes, expanding mobile
clinics, and integrating gendsensitive counseling into existing primary healthcare programs.

Keywords: maternal healthcare, rural Kyrgyzstan, iseconomic barriers, access to care,
gender norms
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ABSTRACT

This paper explores perceptions and practices related to antenatal nutnitog pregnant
women attending urban clinics in Bishkek, Kyrgyzstan. Despite improvements in food
availability and healthcare coverage, micronutrient deficiencies and suboptimal gestational
weight gain remain prevalent in the country. To understand therlyimdebehavioral and
cultural determinants, the study employs a csesgional survey of pregnant women in their
second and third trimesters, complemented by sémctured interviews with a purposive
subsample. The survey assesses dietary diversiyplesuent use, food taboos, sources of
nutrition information, and perceived barriers to healthy eating. Results indicate that most
participants recognize the i mportance of “ea
specific nutrient needssuch & iron, folate, and calciumis often limited or inconsistent.
Many women report relying on advice from mothers, friends, and social media rather than from
healthcare professionals, and clibased counseling is frequently described as brief and
generic. Eonomic constraints, time pressure due to employment, and limited cooking facilities
in shared apartments further hinder adherence to recommended diets. The qualitative data
highlight the persistence of pregnarneyated food restrictions, including avordz of certain

fruits, cold foods, or spicy dishes, which some women perceive as protective despite lacking
biomedical justification. The study concludes that interventions to improve antenatal nutrition
in Bishkek should combine strengthened, individwizounseling within antenatal care,
communitylevel education that respectfully addresses food beliefs, and policies that increase
access to affordable, nutrieténse foods. Tailored communication strategies using digital
platforms may be particularly fekctive for younger, urban women.

Keywords: antenatal nutrition, pregnant women, Kyrgyzstan, dietary practices, health
education
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ABSTRACT

This study investigates psychosocial stressors and coping strategies uegmant women

living in the West Bank, a context marked by political instability, movement restrictions, and
economic insecurity. Using a mixedethods design, the research surveys women in their
second and third trimesters attending primary healthcanécs;l and conducts idepth
interviews with a subset of participants. Standardized scales are used to measure perceived
stress, depressive symptoms, and social support, while-esjisnl questions explore
experiences of daily life, pregnanoglated worrig, and sources of resilience. Findings reveal

that women commonly report stressors such as checkpoints and travel delays, financial strain,
concerns about access to emergency obstetric
an unstable environemt. Family obligations and expectations around ideal motherhood add
further emotional pressure. At the same time, many participants describe strong coping
resources, including extended family networks, religious faith, and peer support from other
pregnantvomen. Prayer, recitation, and religious gatherings are frequently cited as mechanisms
that provide both emotional comfort and a sense of collective endurance. The study highlights
the dual role of social networks as supportive yet occasionally condratlarticularly when
relatives minimize women’' s emotional distres
The article argues that antenatal services in the West Bank should systematically integrate
psychosocial assessment, strengthen referralvpgithfor mentahealth care, and collaborate

with community and faittbased organizations to deliver culturally sensitive interventions.
Such approaches could help mitigate the intergenerational impacts of chronic stress on maternal
and infant health.

Keywords: pregnancy, psychosocial stress, coping strategies, West Bank, maternal mental
health
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ABSTRACT
This paper explores barriers to adequate prenatal care in the Gaza Strip frarspleetves
of pregnant women and frontline health provi

conflicts, and fragile health infrastructure create a challenging environment for delivering
essential maternal services. The study employs a guaditdesign, conducting foctgroup
discussions with pregnant and recently delivered women attending public clinics, alongside
semistructured interviews with physicians, midwives, and clinic managers. Participants
identify multiple intersecting barriergvercrowded facilities, long waiting times, drug and

supply shortages, and frequent electricity cuts that disrupt diagnostic services. Women also
report financial difficulties related to transportation and laboratory tests, as well as psychosocial
barriers including fear of negative staff attitudes and reluctance to disclose sensitive
information. Providers describe high workloads, limited opportunities for professional
development, and stress associated with working under resource scarcity and seeatgty thr
Despite these challenges, many health workers express strong commitment to their patients and
adopt improvisational strategies, such as flexible scheduling and informal phone consultations,

to maintain continuity of care. The analysis indicates $traictural constraints interact with

social norms-=such as husbands’ contr ol -etwshape mobi |
women’'s access to timely, compr ehenslevele pr en
interventions, including targeted support feimary-care facilities, improved staff training in
respectful maternity care, and commusbysed programs that engage men and families in
recognizing the value of prenatal care. Enhanced coordination between local authorities,
international agencies, drtivil-society organizations is essential to safeguard maternal health

in this highly constrained setting.

Keywords: prenatal care, Gaza, heakthy st em barri ers, women’'s per
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ABSTRACT

This study analyzes the i mpact of women’ s e
health outcomes in Singapore, a highome ciy-state with universal access to healthcare but
persistent socioeconomic gradients in health. Using a retrospective cohort design, the research
links national perinatal registry data with cenbased education records for a large sample of
births over atenyear period. Outcomes examined include gestational age at delivery, birth
weight, mode of delivery, breastfeeding initiation, and postpartum complications, while
controlling for maternal age, parity, ethnicity, and household income. QuantitativegBndin
show a clear educational gradient: higher maternal education is associated with lower risk of
preterm birth and low birth weight, higher rates of exclusive breastfeeding at discharge, and
reduced incidence of certain obstetric interventions and cortiphsa To illuminate
underlying mechanisms, the study also incorporates qualitative interviews with mothers from
different educational backgrounds. These narratives suggest that education enhances health
literacy, confidence in navigating healthcare systeand ability to critically assess information

from diverse sources. Educated women are more likely to engage in shared dealsiumn

with providers, seek second opinions when needed, and adopt recommended health behaviors
before and during pregnancyowever, the research also highlights that structural faetors

such as demanding work schedules, childcare support, and workplace maternity—policies
mediate how educational advantages translate into health outcomes. The paper concludes that
policies aiming @ improve maternal and infant health should consider both educational
investment across the life course and targeted support feedessited mothers, including
tailored antenatal education and community outreach.

Keywords:wo me n’ s e d u c a tlth, mfant outcoméeseSingapdre, Heatainequality
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ABSTRACT

This paper examines how cultural norms and social expectations shape contraceptive use
decisions among women in Singapore, a reilinic society with lowfertility and diverse

religious traditions. Drawing on{depth interviews and focus groups with women aged@0

from Chinese, Malay, Indian, and other backgrounds, the study explores attitudes toward
sexuality, ideal family size, and responsibility faegnancy prevention. The findings reveal

that while most participants are aware of a wide range of modern contraceptive methods, their
choices are strongly influenced by cultural scripts concerning femininity, marital duty, and
intergenerational expectatis. Married women often describe subtle pressure from parents and

inl aws t o “prove fertility” early I n marr i
contraception. For some, religious teachings and community discourses frame certain
methods—such as longcting reversible contraception or emergency contracepi#sn

morally suspect, even when they are medically recommended. Younger, unmarried women
report concerns about stigma and confidentiality when seeking contraceptive services, which
can result in inansistent condom use or reliance on less effective methods. The study also
shows that healthcare providers’ communi cat.
significant role in women’'s experiencneds; cul
decisions, whereas dismissive encounters deter-sesidng. The paper concludes that
contraceptive policies in Singapore must go beyond ensuring physical availability of methods

to engaging with the cultural and relational contexts in which decisswasmade. It
recommends provider training in nqudgmental counseling, community dialogues that
involve men and older family members, and nuanced phbladth messaging that
acknowledges moral diversity while promoting reproductive autonomy.

Keywords: contraception, cultural norms, Singaporean women, reproductive autonomy,
fertility decisions
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PREGNANCY-RELATED HEALTH LITERACY AND OUTCOMES IN OMANI
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ABSTRACT

This study investigates pregnan®lated health literacy among Omani women and its
association with selected maternal and neonatal outcomes. Health literacy is conceptualized as
the ability to access, understand, evaluate, and apply health itiftminma order to make
informed decisions during pregnancy. A crssstional survey was conducted with pregnant
and recently delivered women attending antenatal and postnatal clinics in Muscat and two
regional hospitals. A validated maternal hediléracy scale was used alongside questions on
information sources, decisianaking preferences, and perceived confidence in interacting with
healthcare professionals. Clinical data on timing of first antenatal visit, gestational
complications, mode of delivergnd birth weight were extracted from medical records. The
results show considerable variation in heditdracy levels, with higher scores among women
with tertiary education, urban residence, and prior exposure to antenatal education classes.
Women withadequate literacy were more likely to initiate antenatal care in the first trimester,
adhere to supplement regimens, recognize danger signs, and report shared-megisign

with providers. Conversely, limited literacy was associated with delayed caatgiganxiety,

and higher rates of potentially avoidable interventions. Many participants identified husbands
and female relatives as key intermediaries in interpreting medical information, underscoring the
collective nature of health decisions. The stadgcludes that strengthening pregnansiated

health literacy should be a priority for materhalalth programs in Oman. Suggested strategies
include integrating interactive education into routine antenatal visits, developing culturally
appropriate visuaand digital materials in Arabic and English, and training healthcare staff to
assess and respond to differing literacy levels.

Keywords: health literacy, pregnancy, Oman, maternal outcomes, antenatal education
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ABSTRACT

This paper explores the relationship between social support networks and materbalnvgell
during pregnancy among Omani women. Recognizing that pregnancy is both a biological and
social transition, the studyssesses how emotional, informational, and practical support from
family, peers, and healthcare providers influence psychological health and perceived
preparedness for motherhood. A mixedthods approach is used: standardized questionnaires
measuring perved social support and depressive symptoms are administered to pregnant
women in their second and third trimesters, and follpainterviews are conducted with a
subset to gain deeper insight into support dynamics. Quantitative results indicate taat high
levels of perceived support, particularly from spouses and mothers, are associated with lower
depressive scores and greater satisfaction with pregnancy. Qualitative data reveal that extended
family networks provide substantial practical assistance, asitlelp with household tasks and
childcare for older children, yet they can also impose conflicting advice and expectations that
contribute to stress. Women describe the importance of empathetic communication with
healthcare professionals, noting thatpexgful listening and clear explanations can offset
anxieties, whereas rushed or judgmental encounters undermine trust. The study highlights
emerging forms of peer support through online groups, which offer anonymity and shared
experience but may also dissinate inaccurate information. The paper concludes that
interventions to promote maternal wbking in Oman should harness existing family support
structures while addressing their potential strains, strengthen provider training in psychosocial
care, andyuide the development of reliable digital communities for pregnant women.

Keywords: social support, maternal wdleing, pregnancy, Oman, mental health
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