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UTERKN KNVERSKYON

VE Y¥NETKMK

Aykenur LADFAAtIma Y2l LDURIWMe B! Y] KKAYACI DUMA
'H t t !'n vers tes , Sajléek B | mler Enst t
Anab | -ORO®aD el D:0 EEODD 4 4
H t t !'!'n vers tes , Sajlék B | mler Fakygl
Anab | -ORCD&I 4 D0 0-DVPAR 7 8
SH t t '!'n vers tes Sajl ek B | ml er Fakg¢ |
Anab | -OR@MaD el D:0 20886 0 7
¥ZET
Uter n nvers yon, uter n fundusun b r keés mé
ver Il em kk b r tanédeér. Ut er n nvers yon, e |
senéfl andérél maktader. Héezl & doj um, pl esent
prev a g b durumlar r sk faktorle@rol ok masa&n
rajmen dojum déké nedenlerle de g°r¢l eb | r.
ed | emed ] durumlarda kKk¢phel en | mel d r. Kl
ajrese, el e gelen k tle lkcalyénmdbsd dur dmumd s
morb d te ve mortal te r sk -ok y¢ksekt r.
h povol em y y°net | mel ve kan transf ¢zyc
hastalarda hemod n&m hyededtlebhmel hdl e. g&t er me
durumunda |l k yapél masé gereken, uter n func
-al ekxel maseéedeér. Manuel muayene | e nvers Yyo
sajl anamayanarhaatsotna | ayradpaé |lnmaapl é d ér . K tle nede
k tlen n patol o] k °zell kl er ne g°re etk 1| e
Bu -al éeékmada uter n nvers yonunun séréefl and
I teratg¢gr dojrultusunda el e al énacakteéer.
Anaht ar kUglermenl ernbver s yon, vVvaj nal kanama,

UTERI NE I NVERSI ON AND MANAGEMENT
ABSTRACT
Ut er ne nvers on s a cl n cal d agnos s g
fundus from the uter ne cav ty. Uter ne nv
compl ete and prol apsed. Condr eémoowvnasl saufc ht haes p
fetal macrosom a and placenta prev a are kno
b rth, t cannaltad beaseoars.f ot mwshimul d be sus
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cannot be palpatxred m&traemk plhylsgeladr ear asénda
karén ajreéese, el e gelen k tle sayeéelab | r. 1
morb d te ve mortal te r sk -ok ye¢ksekt r.

pat ernths pwstpartum hemorrhage, and the nee:
overl ooked. I n pat ents who develop shock, t
case of wuter ne nvers on, the f rfsandis ngnt
ts or g nal pl ace. Laparotomy should be per
corrected by manual exam nat on or hemodyna
nvers ons <caused by a mass, ssumagy clad meqmos
depend ng on the patholog cal features of tF
nvers on, r sk factors, d agnos s and trea
|l terature.

Key worltser ne In vielrese d nn g ,v aggh mak .

1. GKRKKk

Uter n nvers yon, fundusun uterus - bokl uj
Nad ren g°r ¢l ¢r ancak potans yel ol arak yaka
dojum sonraseé akut dguerl. kRanhab madk ompd| &rassky oah.
m yometr yal b r k tlen n vajen - ne hatta
da g°r ¢l eb | r. Hast al ar ékna ngaecrmae | M e kp el-w rk a&]j
Met as vd. 2023).

Gelk me ht mal a-éséndan -ok nad r b ¥ ol ay
0.05 araséenda dej kKkmekted r. Kl k akla gel en
dée¢kek o skl dojumlarda g°r ¢l ¢kl adékhd3skanodd

Doj umun i.-¢é¢nhce¢g akamaseénda akt f y°net m n (
g°r ¢l me séeklejeThakar kad. az@2 Mkt ér

Dojum déké sebeplerle gel Ken uter n nvers
odrak kend n goster r. Bu hastalarén yakl ack
vakal arda se tanée zordur. Uter n myomlar

ed | eb | r. Bazé vakal arda k tled vrajagreeredi@j r
pal pe ed | emez. Hastal arén vaj nall muayenel
-oju | aparatom sérasénda - b¢key b r fundu

2 . UTERKN KNVERSKYONDA SI NI FLANDI RMA

Uter n nevreurssu ny o nnd Ut sev yeye seéeneflandér e
sénéfl andérma yapeéelab | r (Kesrouan vd. 202
T Eks k nveteryonfundus, serv ks ge- meyec

nvers yona ujramécxter.
T Tam nvierknwemsngos wvajaeané udojru uzanméckt
1T Prol abe :n¥Fandugohamamen prolabe ol ar ak
yapmexkter .
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ron nvers yonda °zell kle dojum sonraseée
élab | r. (OWeurkdmal hvwedz.é,n a2 gl & )e:

Akut PBeojrem sonraseé |l k 24 saat - nde ort
Subakuit Rojremdan sonr ak 24 saat |l e 4 ha
nvers yondur.

Kron k ®wjemdan 1 ay sonrandutaya -ékan u

jum sonrasé an bakl ayan hézl é& vaj nal k an
kaybée haf fe alénérsa annelerde Kok tabl
kat | b r kKek | de dejdkrjlermnds emdtnoeml| ar rg e rHe
alt kadran ajrése ve g¢-1¢ b r baské h s

ra ortaya( FRe&klkabr |vee.kt20®2 2) .
RKSK FAKT¥RLERK

Jjum sonrasé meydana g¢elkenf akttér lrer nverdsoj

sentanén durumu, anne kaynakl é& ve bebek k
2) :

Hezl & doj um,

Knvaz v plasentasyon,

Pl asentanén elle -ékarél mase,

Késa g°bek kordonu,

Uterus gevket ¢ l a- kull anéme,

Fetmalkr ozom

Nul I par t e,

Pl asenta prev a,

Baj dokusu bozukl ukl adDan( dar s@mds emdrn ¢ mu,
¥ncek gebel kte uterus nvers yonu °ykg¢gs
TANI VE AYI RI ClI TANI

ron nvers yonun en sék g°r ¢l emad!| gong éo-lla
nal kanama |l e g°ster r. Ej er nvers yol
dus palpe ed | emez. Kan kaybéna bajlé h p

cones, 2018).

ers yon taneéeseér &jlmenn kk ¢pp hre tdaunréu nod mdaas eégnlar ¢
yet k rezonans g°r¢nt ¢l emes nde ( MR) nv
bé neden yle U kekl nde g°r¢l ¢r. Knvers y
cnt ¢l emes mukayabk ddke ommupoml ar , l e om yos
gn teler n(deaMWkeatanass év k.o,nud D3 ). r

ron nvers yon |l e karékan b r-ok kil n Kk
rece thardal ankedleald el ece] d kkatl e ncel e
€ durumlar (Thakur vd., 2022):

Uterusun Kk ddet | aton s |

Ut er ov aj nal prol apsus,

3| Page
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F bro d pol P,

Prolabe ol muk m yom,

N°rojen k koll aps,

Postpartum kol l aps,

Koag¢l opat

Knverosl nyaodnan tutul an pl asent a.
UTERKN KNVERSKYONA YAKLAKI M

|
)l
T
T
)l
T
T
5.

Ut er us nvers yonu gel Ken hastada m¢gdahal e
tané sonrasé tedav de gec kme yakanmasé mat
artter maekltnaadséer . g eYragpk e n l Kk m¢dahal e vaj nal
-al ekxmakteéer. Ejer el |l e yapél an man p¢l asyo

(¢oban ve G¢gney, 2022).
6. UTERKERSKYON GELKKEN ¥RNEK VAKALARDA Y¥NE

Pr mvgd olan 22 yakéndak L s ml kadeéen
gel Km kKt r. Hastanén h kayes ncelend J nd
gebel k ge- rd ] gor ¢l megkt ¢gr. GCargle bakovhsta
Bayan L O6n n uygun uterus d nam J ne raj men
ve yatéxktan 9 saat sonraseéena kadar lerl er

end kasyonu konularak doj umu egera-pel laenk to pre rlar
APGAR 10 ol an 3600 gram ajeéerl éejeéndak kez b
nvers yonbopgem smrmasémda kanama ve h povol

masaj € ve uteroton Kk nf ¢kztyéorn. slbtnerrausséunnd a nuvt
m¢dahal e sonrasé red¢gks yonu yaklakék 20 da
en te er tros t s¢spans yonu ver I m kK vV e h
sonl andéreéel mextér (Eddaoud vd., 2018) .

Vardarkaecawal ar é, 57 yakénda menopoz sonraseé
akut d°nem nde ncelem klerd r. F z k muayen
vV aj nall k tle tesp t etm klerd r. MdRn dgePrr ¢ n't
uter n nvers yon g°r ¢l mgkt ér. Hastanén yakeée
| aparoskop Kk rad kal ho sft eerr eelktt om  + b e | abt elraatle
d seks yonu yapél méxkteéer. Al &mgm upatnmélkotjér .° rHa
adenokars nom tanésé al méktér (Vardar vd., 2
Null par, 27 yakénda b r kadén hasta akut Dbe
ajrese ve be¢gyeéek nekrot k g°r é¢n¢égml ¢arvkajd arkd la rk
(2022) bu hastanén Il k b yops |l er nde nekr ¢
etm klerd r. Vaj nal kanamanéen k@t ¢l ekmes s
onar éme - n hasta genelvajnesddca ser v kKK etmen
yapan, be¢yeé k, ufal anab | r ve nekrot k g°ryg
end kasyonu konan hastanén amel yatéenda f un
g°reé¢nen fallop t¢éoplearel meglke ¢ ovelUtk er usuekt njve
ol arak sajl anamamasé ¢(zer ne hastadan daha

4| Page
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nucu embr yonal rabdom yosarkom tesp t ed
yakl akek b r adyp -cmogne rae bt tat evalt ct al h stere
Al énan son patol o] k °rneklerde rez dg¢el h a
kemoterap ye baklayan hastanén kontroller nd
vd.0z229 .

onte ve arkadaxklaré (2016), 56 yakéndak
amaséné araktérméxkl arder. Hastanén | abor e
p t ed Im kt r. Son 6 yneu adyae nhee rehda nlgme ybe nr
él an pelv k muayenes-kmhe eppalgackelen&|l cmvaa
az m kkahwer eknggr méwvza] nal kanama g°r ¢l mg
helen | erek MR g°apatibékmeskoyapal mgktent
rava,j nal k tle ve k tle ¢zer nde U kekl
| e, endoserv kal |l ¢ menden akajéya serv Kk
m K ve vmajrnaleanak st@ddm t ed I m Kkt r. HasHi
nNmék ve patol oj sonu-laré fundust a | e
term kt r (Leconte vd., 2016) .

X T T ®T O S5 O

QD
w M

Vaj nada ajreéeseéz b r k tle Knkay&Bddén | & adte
K kayetler n n 3 yél °nce bakladéjé ve zaman
Yapeélan f z k muayenede k tlen n en ©°nde gel
hal kanén 7 c¢cm alténaasdtogyas krnodn Jk uwgtlerreé | nmg¢ Knt v
abdom nal h sterektom pl anl anmécxkter. Yapél
ed Im kt r (Asefa vd., 2023).
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HORMONLU RAHKM K¢K ARA¢LAR VE JKNEKOLOJKK
KULLANIMI

Nehir Nurl Fane Y PMIRIM 2, Nuriye B} Y] KKAYACI DUM

Hitit !niversitesi, Sajlék Bilimleri Ensti
Anabi | i ORCID Dt (®09000821737454

Hitit !niversitesi, SajKakérmBiHadsanl @lrdkIFarkg ||
Anabi | HORCIDI®10800000219964278

SHitit ! niversitesi, Sajlek Bilimler:i Fakgl
Anabi | i+ ORCID Dt 0®00000242463607

¥ZET

Hor monl u rahim i-iyélarardar hd RKAont sanepti f
patolojilerin tedavisinde ©°nemli bir tedavi
RKAG6I ar , d¢ K¢k dozda progestin sal ar ak en
baskeéel amadan et kijlliar k oret r b 8 e pnsei kyaonni z ma saye
ortaménaol umlu et ki eder . Hor monl u RKAGI ar ,
hafifletme ve endometri al hi perplazi gi bi h a
sahiptir. Ay r pheksaatipili higemlbzi ve ketken evkeoemdometrial kanserin
tedavisinde cerrahiye alternatif bir se-enek
s¢resince segrekli et ki g°stererek hasta uyu
riskini azaltmra kt adér . Uzun s¢gre kull aneéel maseé, hem
mal i yet avantajé sajlamaktadeér -¢e¢nke dijer
gerektirir ve d¢gzenli kontrol i hti yasmlarné en
czerindeki ol umlu etkil eri ve tedavi S¢éere-1 e
daha fazl a destekl enmektedir. Bu -al exmadas
kontraseptif etkileri, jinerkoollloeriik vhea sutyagluélkalr
mevcut | iterat¢r ékéjénda incelenmiktir. Ayr
jinekoloji k patolojilerdeki potansiyel fayda
Anahtar kelimeler: Hor mon | u rahim i -1 Zifjirekolpjik tedad,0o me t r i
kontrasepsiyon.
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HORMONAL INTRAUTERINE DEVICES AND THEIR USE IN GYNECOLOGICAL
PATHOLOGIES

ABSTRACT

Hormonal intrauterine devices (IUDs) have become an important treatment tool in recent years,
both as a contraceptive and in tineatment of gynecological pathologies. Levonorgestrel
releasing IUDs create endometrial atrophy by releasing low doses of progestin, provide
effective contraception without suppressing ovulation, and have a positive effect on the
endometrium environmenhanks to this mechanism. Hormonal IUDs have great success in
reducing menstrual blood loss, alleviating dysmenorrhea, and treating diseases such as
endometrial hyperplasia. They also stand out as an alternative option to surgery, especially in
the treatmenof complex atypic hyperplasia and eashage endometrial cancer. Hormonal
IUDs increase patient compliance by providing a continuous effect throughout the treatment
period and reduce the risk of treatmegiated complications. Longrm use provides eost
advantage for both patients and healthcare systems because it requires less intervention
compared to other treatment methods and minimizes the need for regularupbedkhe

clinical effectiveness of these devices, their positive effects on patedtgheir role in
treatment processes are increasingly supported by current scientific studies. In this study, the
biological effects, contraceptive effects, therapeutic roles on gynecological diseases and
application areas of hormonal IUDs were examirmedhie light of the current literature. In
addition, the clinical use of hormonal IUDs and their potential benefits in various gynecological
pathologies were discussed.

Keywords: Hormonal intrauterine device, endometrial hyperplasia, gynecological treatment
contraception.

1. GKRKKk

Hor monl u rahim i-i ara-1ar ( RI A) , modern d«
progesteron tg¢grevi hor monl ar salarak etkin
sal eneme yapan bkuwonamrmasleprn, f her monalvant aj | al
birlextirir (ACOG, 2020) . Genelli kle T kekl:
| okal hormon sal é&némé sayesinde gebeli k °nle
RKAOI| aglaa kdeaylma az menstr ¢ el kanama ve Kkramp
2016).

Hor monl u RKAG6Il arén klinik kullaném alanl ar ér
adet kanamal ar &) , endometri al hi perphaern , e
(Speroff veFr i t z 2022) . Menor aj i, kadénl arén yakse
yaygeén bir jinekol ojik sorundur . Gel enekse
gerektirebilirken, hor monl u RHK¥aai\v e retkin bru  has-
-%z¢m sunmaktadeéer . Endometri al hi perpl azi v
hor monl u RKA kull anéménén et kinlif7Ji de di

8| Page
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endometriozis gi bi hastal ékl ar éamr é h & d aavziasl it mac
hastal arén tedaviye uyumunu arteéermaktadeér (J

Bununla birlikte, hormonlu RKAOGI aren et kildi
genell i kle hastanén ©°zel dur umu n{Mandelleadravi y e
vd. , 2020) . Bu makal e, hor monl u RKAOGI ar én
etkinliklerini ve bu tedavi se-enejinin avan

2. HORMONLU RKA

Hor monl u RKAOGNnén etki mekanulzanats@r,amadlerumsdram
zorl aktérmak ve endometriyal dokunun i mpl ani
czerine kuruludur (Nel son ve Massoudi, 202
baskél amasa da azaltabil iek eBt°kyilnelciek hkeunh | d ¢
sajlar(Trussell, 2018).

Hor monl u RKAOGnNnén etkinlik s¢resi, kullanél an
g°stermektedir. Bununla birlikte, bu ci hazl &
maliyet etkinlj i a-éséndan avantajl éeder. Dijer kont
gerektiren yapéseée, °zellikle uzun s¢reli doj
olukturur (Black vd., 2019) .

Hor monl u RKAOGNEN kontr asemtviaint aybat aj Ildar éwna
kull anécéelarda hormonl ara bajl é olarak akne
dal gal anmal ar gi bi yan et kil er ger ¢l ebilir
yerlexktirilirken enf ek skonylikasyomlar sakii de glsayapor per f
edil miktir (Grimes vd., 2016) .

Hor monl ul BKAdbagestr el sal enemée yapan intradu
y°ntemlerinin yané séra jinekolojik patol o]j
olara k kull anél maktader . Bu cihazl ar, ut er us-t
endometriumu inceltir, inflamasyonu azaltér
2021) . Hor monl u RKAO6Il ar, -ok ikl evithemdei r t eoc
terap®°tik etkiler sunmaktadeér. Bu °zellikler
ol arak tercih edilen bir se-enek haline get.i

3. HORMONLU RAHKM K¢K ARA¢LARI N KULLEBRKM ALA

Hor monl u RKAG6I ar , | evonorgestr el sal eénémeé

kontraseptif bir se-enek olarak dejil, ayne
de °neml i bir ara- ol ar ak k u ddmatmakldkuteaakydered d é r .

et ki yaparak endometriumu inceltir, i1 nfl amas
vd. , 2018; Wil demeersch vd., 2016) . Bu me k a |
hiperplazi, menoraji, adenomyozis ve endometriozisigiais t al e k|l ar én tedavi s
artérmaktadér (Speroff ve Fritz, 2022). Ayreée
hor mon sal é@&némé, <cerrahi tedaviye alternatif
invaziv bir asde-re néXkHOCs u m2makit) .
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3. 1. MENORAJK (AJI R ADET KANAMALARI)

Menoraji, kadéenl arda akeéreé adet kanamasé ol
°neml i °]1 -¢de etkileyebilir. Menor aj i t eday
incelterek ve prostaglamdi s al énéméné azalt @rMalrlamreada mizlkat
(ACOG, 2021) . Hor monl u RKA kull anéméneéen, h a s
azaltarak, nomn nvazi v bir tedavi se-eneji sunduju
Hor monlluarRRKAGet ki nl i 7] i, °czellikle | evonorge
kanama ¢zerine d¢gzenleyici etkisiyle a-é€ékla
RKAG6Il arén, menoraji tedavisinde dijeraril a-1 a

sajladejée g°zlemlenmiktir (Wil demeersch vd.,

3. 2. ENDOMETRKAL HKPERPLAZK

Endometrial hiperplazi,endometrium dokusunun
endometri al kanser riskini ar t emaydni Hagitr . Ho
endometri al hi perplazide etkin bir tedavi ¢
endometriyumda hiperplazinin gelikmesini en
°neml i °]l -¢de azalteér (Jens$Bamuwnd.y,anh®l&;érape:
RKA kull anéme, cerrahi m¢dahal ey gerektir me
sunduju i-in tercih edilmektedir. Hormonlu R
endometriyal doku geeekndekiaviet kigsiecgi ndé s eée
belirtiimektedir (Speroff ve Fritz, 2022). Endometrial hiperplazi tedavisinde cerrahi olmayan

bu yakl akém, ©czelli kle erken evre hastalar:

(wildemeersch vd.,2016).
3.3 ADENOMYOZKS VE ENDOMETRKOZKS

Adenomyozis ve endometriozis, kadenl arda pe
hastal ékl arder . Adenomyozi s, uterus kas tab:
endometriozis ise uterabddepé&ntdargnrivakénp] énct
hastal ék da ajre, menstr ¢ el d¢zensizli kler

hastal ékl aren semptomlaréené azaltmada et kil
Levonorgestdeimesal gnémédpkean¢gzerindeki et ki si
mi ktaréné d¢gzenleyebilir. ¢al ékmal ar , hor mo
hastal ar da infl amasyonu baskeéel ayar ak ajre

gestermektedve FBEperop 2022,; Jensen vd., 2018)
hor monl u RKAG6I ar , pel vi k ajreéeye kontrol a
artéerabil mektedir (ACOG Practice Bulletin, 2
kul | &@mémémr r ahi m¢dahal eye ol an i htiyacé azal
sonu-|lar aldejé bildirilmiktir (Wi ldemeersch

4. SONUC¢
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Hor monl u rahim i - ara-1ar, yalnézca kontr:
jinekolojjk pat ol oj i |l erin tedavisinde de °neml:i bir
hi perplazi, adenomyozis ve endometriozis gi
cerrahi m¢dahal el ere alternatif ol araalk met, ki n
hastal arén tedaviye uyumunu artereéerken, cert
Bununla birlikte, her hastanén bireysel dur
tedavi si se-i |l melidir. Litemaettkidleer ihovenohh
grupl aréndaki sonu-|laré ¢zerine daha fazl a

Speroff ve Fritz, 2022).
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ABSTRACT

Respiratory failure is the most common problem in patisrgsiring intensive care. Most of

the patients are connected to a mechanical ventilator to facilitate gas exchange and to relieve
breathing and respiratory muscles. Mechanically ventilated patients are connected to the
ventilator either invasively or nonmasively. The mechanical ventilator supports all or part of

the patient's respiration and contributes significantly to the patient's recovery process. In
intensive care units, the care of the patient on mechanical ventilator is provided by nurses.
Nurses povide care and follovup of patients in intensive care and in this process, they both
prevent complications that may arise from the technological device used and ensure that
problems are recognized at an early stage. For this reason, it is appropmatesdsrto know

the working principle and functions of the ventilator, which is used in intensive care and has
vital importance. In addition, they should know the possible complications that may arise from
the ventilator very well and take the necessaegautions within the field of nursing duyn
intensive care nurse should know whether the ventilator to which the patient is/will be
connected is working, the alarms and the meaning of those alarms, the basic parameters set on
the ventilator and the meing of these parameters. In the patient connected to a mechanical
ventilator, the nurse provides routine nursing care to the patient as well as recognizing the
ventilator. Such care includes oral care, airway care, catheter care, skin care, perineum care
maintaining position, ensuring-tmed mobility, etc. An intensive care nurse should be able to
follow up the patient who is connected to a ventilator while providing both care and monitoring
of the ventilator and other connected devices. This revieioight to contribute to intensive

care nurses.

Keywords:Mechanical ventilation, Intensive care, Nursing, Care

1 MEKANKKL XEANTKON

Mekan k vWekwunluat orks ayéBlranme ggare de]j] K m nd:

karbond oks t végecuttan uzakl akt eMenk&En k- n
vent | at°rg¢n kul | ané&lmke&jaen kKolviemum!| degbobap ol
Mekan Kk venrwmasycrHanmalloltumum yolu enf eks
yetmezlkajl p yetmezl Jjvs ®obubnbkmsypetume sle bjeb
tedav s n destekl emek ve hayat Mekh&s kK onl
vent | msgonv veanmnak nk@Rewatpt gl 202 3)
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1.Nloon nvaz WenMe klaans yko n

Non nventvl adganallaeimas kul |l anbBhsetan8nzaengsket
aparatl ar |l avaretspl as ye®@ln | e&jetk@m@e. snas kel er ver
kull anél maséna aemaoélrakeadek,a N easaaktu vl ayrf enl
genell kle késa s¢rel J ne mekan k (Penotttas
202BY) y°sndleumum yet mezl | bul unan hastalar

g ba ¢kenegdSe@elbunum.dest e] Ahcepao®nohamzher v
denenmes daha sonra gerek rse nvaz Vv vent

dej I'd r.

Non nwaantv CRASPy o(nCont nuous Pos &8tRAVPe (Aewoavlay P
Pos t ve A mway aPeéwgbau(ugdgcuklsaoma bvd @CaPArPn s , 2
ol unum d°ng¢sé¢  boynusnpc ar ypuonz sté rfa sbéansdéan chéans t a 'y
er | mes wentsaljdtuafyra smad d & h. he¢rxt Isatnfdr de CPAP m
d I'd ptadénhhava yollaréna vegr dlelrekolnaer &®ls
esteBRKRAPGL a se poz t f hava yolu baséncé
e exp ryumu desteklegkseh weBRChsaswdameam@abii) .
ck¢eamdaelsm@a | anNaobn Invraz v mekan kneéegnentk | ms @F us
| mamasé sebeb yle enfeks yon r sk n n daha
| mamas é, konforunu artér maseé, késa s¢rede
crdereéel eb | mes | hast al md&g sh® z eddv anltoektf ék vm r|
Cr ner v.e ark., 2024)

(7))

—~nmwooxkKaoom<

.Knnvaz v mekan Kk vent | asyon

v me k an Ikheavsetnatn dl oalrsr yaoknedaal t¢ep ya da tro
|l at°rRBurbhaadgd achedrama- non nvaz v vent | as:
solunumufPrahat | G e2Rahafse&dlielree madtaa€al
wrest Moldémr hastanén durumuna g°re dokt
riKse] 1 202 13ynr émobd lrarbak |l ékta sunul muktur

-}
<
o]
N

—_—— 5

X <wvwo<xr
<

WOSTO—> ®O DD

I pn° mon akc jer yaralanmal aré (vo
kasyonl ar ve n°rolog kB hdstraVamdaj lzearr
ando et al ., 2021; PauSled kadanuwmdu ,dee0avig
me s - n dojru ve eks kagAmbwrvre maekk r
. Del gado vMe.jaxr & 02D)2 3; Fan
k avierkt © fI¢Cgan é k ma Prens b

zde en vealr |keaolzl an &1 abna s(éEWa-vidéo eoll ,and ;a2 2)e
nNsp rasyohkhassléegaraséadaf émdsagpn r at uat ur
°t ¢r¢ akc jJerler gen kKl er,gazeé Bun:
e y°nlend r mek - n poz t f hava vy
@z vtenft bagsé@nml er stenen oks jen Kk
sén-ta, stenen hac mde nseg rygtuendar
er dfa sRernu- .t tl,e 202 3)
Wwerkt | asyonda En Yaygén Kull anélan Modl

e
n
a
2kwn k ventuzluammsy@arsumne yabEanbkareée| event:
k
I
n
n
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I ret c f rmaya g°re m n mal dej «kx kIl kler g

amaceéeyl a genaeBlul nkoldd alre n znevradz| vr avke kwlinl aarvalza v

akajeda (VRrmrudot xeas:;r 2024)

T PeCMV (Pressure Controlled Cont nuous man
s¢r ekl zorunlu haval andér ma

T VvVCCMV (Volum Controlled Cont nkomtsr onlalng a't
s¢r ekl zorunlu vent | asyon

T I MV (I nterm ttent mandatory vent | at on):
T Pad MV (Pressure Controlled Interm ttent m
aralekl é& zorunlu vent | asyon

T VGl MV (Vol um Conntomhaedatotgrmentel at on)
aral ekl e zorunlu vent | asyon

T CPABont nuous Pos t ve A rway Pressure)

T PRVC (Pressure Regul ated Volume Control )
vent |l asyon modu

T MMV (Maodwy M nute Volume): Zorunlu dak ka
1T AVAPS (Aver-aggeuiveddumPeessure Support): Ort
deste]j

T ASV (Adapt ve Support Vent | at on): Uyar.|l
1T APRV (A rway PressureaReblaskPa¥éntéheat sen
vent |l asyonu

Hastanén solunumu kull anélan moda bajl é ol ar

hast a l e entegre -aléekéep hastanén var ol an

tamaml ayab | r. Ya da hasta solunumuna devam

bakl ayab | d j farkl e modlaré terc h etmek n

15Mekan k Vent |l at°rde Ayarl anmasé Gereken P

Mekan k vent |l at°rpek ayak | pamabseénikge reg egn alha

b reb r tak p eden k kK | er ol masé sebeb yl e

hemk reler n vent | at?o°or modl ar @éna kthajk m Q

vur gul anmEkhtogpehé@ld opade, 2022e¢ .&r gyo 2H=)ok 1 e |

y°netmel J ne g°re hemk ren n hem nvaz v h

hastanén tak b ve bakémé hemk r eHemk sroeglunmi

yYnet mel .He mk 2r0elll pku bhaaksétnaél ar - n -o0ok °neml

bakéeme mekan k vent | at°rdek enha&sageéenl &omp

hasta bakeémé y lext r leb | r, hEevhe® d¢ eneam k

ark 219e2n8k) r b U e k a pls almmdes ve t akbapz ée tpnaersa megd & 1
akajeda .y¥el mmzktwver YEIl dez, 2018)

T F @Q2r act msp ofeedHacstyayean nsp rasyon seéraseé
konsantrasyonunu fade eder. Hastanén dej
g°re FKOOG-108]) kadam2ayarl|l anab | r

T F(Freqgyélasyanén dak kada aylénsaésnéé ¢ efraedkee ne dse
Yet Kk -hbeadaesé@f@Bazéel matdEdeda d jer paran
etk Ien p dej «keb | r.

T TMT dal WHalsg¢mhén akc jerler ne ver | ecek
Hastanboy deak | o aj évdréjlemeaas g°uygwary acll an
6-8 ml / k\gedbndté rl at °r kaynakl & olukab | ecek ko
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hastaya g°re ayarl anmaléedéer. T dal volg¢m
atelaktaz , ogoernejbamdem afvanal a e | Keb | r.

K/I'E napeéexag orgygt)ongpuayum ve eksp ryum sy¢
fade eder. Nor mal hastal arda K/ E orané ¢t
ol arak ayarl aneéer. K/ E orzaannga nférneek aentsk, |aeknger
PEEPPos t ve end)&élepesavsamnmemndasakia e er | e

{__|
T
T

havanén uygul adéjé basén-teéer. PEEP -°ken
gel mes n sajl ar. PEE PR | dreajseérD o 4 leaamHE2O v e
oks jenhenbhmeannb r etk ye sradktpdrg.vEEZePE

daha fazla ayarl anab | r.
T PpeakP PH P fsp nNéayoaybaseémicel at°r tarafén
n hamak y obnausmédnp-ktédars. le tPc Eu d @ u j

ver | en havane
cmH2Oal uenda ol masé@é sten r.
T Ppl @tsop ratuvarPlpdtad ob dbsasremn&,é)mekan k vent

hava yollaréena ve alveollere uygul anan be
0, 5 la 1 san yel k b r nNsp rasyon tut me
1T Tet Wluggmea Tré Iggjea (skeansst an én tryef:es al ép ver.

- n hastanén hava yolunda beBunabtet akléee
yaa tdegger Vent | at°rde ayarl anéerken bas:s
Ayarl anan moda g°re hastanén solunum st e
ger -eRade®atr .kl emes nde-2venhte H&t TmHRIO aayna
akem tet K emHReO ase.slenda ol ab | r

16.Me k avie rkt |l at°rde Al ar ml ar

Mekan k vent | at°r alarmlaré hemk re ve doki
alarm s stemler nde standart b an wveermott olkaotl©® ryd
farkl e as aemssallamacak mekan kazwénal aamPatl

°nemlBudlrar d¢kegk/yegksek t dal vol ¢m, de¢kegk/y
ve ¢ haz aréezaséeder. Hast a mé&dm nad vac urtl adru rdueemru re
sajl ek peréPneltnh, B20QaABETr

T T dal volDgm ¢kl dr da:l,havotl gméml akanéj erl er ne

vol ¢m¢gnde yet @rad avloljem ek sveok ¢tmgn f azl al

Hastanén ajérl éejéna(gdovedayar!| 20md3ée °nen
T Basén-Yakaekmabas@am@a yoll arénda farkl & set
hatl arda kéevrélma vs) olukan basén- artecx
b r ka-ak ol dHpunukdgke¢ddegrgtend k b r du
yé¢kselm kse hava aeekamdaengebkbbrnéeeé kma
sekresyon kaynakl é se etk n b r asp rasy
sajlanmasé °neml d r. Setle |l g | b r keé
ge- r | mes ve (€Copreldt enmeg201dG¢rek r

T FrekansD¢akl¢éakr niérrekans s 04 umuary sralyg&dsé&jnedmeaz d
solunum sayésénén varlejéne, y¢ksek freka
sayéeséenéHerf adle £dede °neml d r. ¢¢enkeg has
brad pne k sol umasé steerdbkl brtedmebm de
-%z¢l meClovd dr en, 2011)

T Apne al ar meé: Solunumun Spbmadaj] oBugflmtieok
c hazéen dewd e hagzadmrkeer ekt J nde dest ekl
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hastal arda hastanén apneye g gd-]J kahmia#dan
-%z¢m ¢ret | me(sFl ynn nvehaabrekr. ,v e2r0 2r2)

C haz & ézaazl aarrée:zal ar éné bBudllaeknt reak k1 & ¢
kes ,¢- skaynajlkasarahar mé Kwrkllamddka g°orzdm
cret | mes geAlekeméewumutmélarjdéme g°re soru
cretdlGeenle l ol arak bakél déjeéenda al arm, saj
n tel J hakkénda b | g | ennde mbdk Ijé k| ar dna nd
b r( W Irl ams & .Hbehmk mae | r0 2B )al ar ml ar & hasH
parametrelere g°re refarans aralejeée bel r
rmes °ner I mekted r. Alarm | m

cC Qo

yarsézl akmbheeawkarvee hem ldatranéme s
kaynakl & rahatseéezl &KCleygalta nesle.b,e p2 @2 1a)b | mek't

2. MEKANKK VENTKLAT¥RDEKK HASTANI N BAKI MI
Mekan k vent | at°rdek hastaya uygul anmasé ¢
bakeéekmet,et er bakéeml ar é, c It bakeéeme, per ne
hareketl | J n sajlanmaBenherr drG°rk e Waké sl
kull andeéej é c haze tanémaseée - ok °neml d r.
aksakl ekl aré/ soounadae karkaeret mBukaassporunl a
ol UuPazos ve ark 2019) Bai- enlkeldeenvited@akt hadlretn®°mre b
sah p ol mgGé kbell &urtBuemwern ,y ahh®ha)a hastal ar €
gereken bakeémlarénén hemk reler tgeerr eefk@rud a n
bakéemllkaan¢l /'t ¢p bakemlareé (ent¢basyon tegpeée Vv
bakeéeme, c It bakéméeyatdaokf r u- polza slegioBé tadnka | n

Nur,ay2021)
21L.Endot Takeeadllrakeost om Kang¢l ¢ Bakeéme

EndotrakEBaT) thhpst anén nvaz v yoldan mekan |
aracé b r yoldur. ETT6n n sev yes n n koruntr
yolu a-ékl éjeéenen sajl anmasé;menm ekéwarmdiadn slea|

g°ré¢nen d kKe gSkadayahmtral@ma cBly gekekl erde
223 c¢cm ol aralk tespheéer ela kreeekd aa yknoen tyreorl d ee db ul |
em n ol uUrmpleadd®dmrcrelEd ik bkea fné kv e espl memat er yal
tesp t skgfl, anEnBT edégpeénegn ucunda yer alan v
kaymaséna engel olan b r baloncuktur. Tép,
materyalle tesp t madlImendae ya EdTkaed8pktked
ya da déekaré kayppgsd® sSs€®Txakeémdasnugdlrymen sev y
daha dbewlauwrndndaasuémunda t ¢p trakeada bulunmasé g
-n haval anenmaky El¢epo | ssens uyge s l er de ol duj ur

l erl eyerek tek bna, akcj érerakc hjp@rdbemnmndads?P
(Santos veKafr kb2 S@8@0&@hi2ndal € ve g¢nde en az
ed Imel d r. ETT tesp t de en az g¢nde 3 ke
té¢eépéen tam oturtul madan ¢ |tl e arasénda b r p
Ayréca te¢egpen adudcask kereadr d red b°l ges genl ¢k
mal zemel er k rl end k-e yen | enmel d r. Ak s
ol ac@kewvdaray, 2021)

22Asp rasyon

Mekan k vent |l at°re bajl é ol an haste&lraersdya nao

hava yolundageuekhkitakBeraag rasyonun yapeéel ma
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bajhlasst al ar da ah emleen md cctzr a k-eo k a8 pe mBkdatarnagk e a |
asp rasyon entg¢gbasyon tgégpeéneén - nden b r so
ster bratanalkzak( 3 krtha éd anaagdslg.e,r asly2oN) Kl em

S tem asp uwaguyamaWbpakk devre asp rasyon s s

asept k b r wuyA-udkansaysat em ansperrassyonda ster

sondaseé l e hastanén endotrakealasteyppte k loel awr
asp rasyon wuygul aneéer. Kapal @& s stemde se \
s stem n kapal é, destemul bekdl madamng wskmeskne
ol amak rasyonun yapeéel nbesrénak tmp&ksgm rsausmarnb r
st eéenl ¢kl er s®z konusudur. Kapal & s stemde
daha yojun kévamlé sekrebmekiteedvetbdarak2 ® 2B pt a
Trakeostom e ktaank, Ilp;, ed | en hastalarda da asp
Ama asp rasyonun der n ya da y¢zeysel yapeéelr
¢éenkeg trakeostom kan¢l ¢nde alspnglashompda daha
hedefl enen mesaf eBldekedahwar kP @ RE2oy €el asp ra:
ent ¢basyon t¢pé¢ boyunca sonda lerl et | r ve
yapel ér . Der n asp rasyonda se t¢p sonu se
karkéel akéncaya kadgqrtéeklrek|l ete lagkek &29@3ne ed
Asp rasyon® nltrek lhaamadhamnén %100 oks jenlend r
sérasénda b r m ktar h poks yakayac-ajre -

hayat °(rBaurs atheed. & omk2OKsl )j enl end r | en hastaneé
bakl aneéer, asp rasyo20 wslagmyemgmeb d rhamEgsen
hastada brad kard vy bakl atacakter. Bu neden
ed Imel d r. Yapél an K|l ens erk ryeestyeornl v aorll déed jéunne
hava g r K veolaam&k églea ettvnee ka,r k2 BPR 8 ) bu Kart
sajlanab | yorsa asp rasyona tamamlanméxtér.
gerrek Ancak yen es aspnrasyoade hom80® aoks jenl er
hezéeénén ve r tm n n ndqmBuaslamedsd®k2l02rlda ol mas e
As@gon Kl em sonrtagspnday blmaas@ nans &b é&p ol man
nd r | p b rka- sn bekl en(dBakrtaenn estdmarlak,h k@20 1y
Kl em hastanén yanéndan ayrél madan, ETT te¢p
takd rde stems zl| akt |Abmmas pyaoan ds h1 ekiakn usne 6rn cag
bakéeéménén yapél mék oviemmats é axterrt t\EK)RreKA kls me g na%kral
zem n hazée(rHlaomeEas odtuVY&IPoye2@agkl ol mak -
uygul anmasé ve é&tnk m Ealjdéezm,b a2k0é2n3e, -Hookwr oy d v e
2023)

2.8] 8akéemé

Aj éz bakemée aj éz - ndek d |, d kK, yanakl a
kal masé ve ajeéz - nde dolglear da ¢ m¢ ngleenléer
ed IMmesr¢dnky¢ aj éz - mukozaséndandoewmkab |
bakter |l erve YkBkmmeeénae. s@jprede odmbaz B8 kez
yapél &P &dée&e Yurtseven, 20Y20F;unS bnankoenms ¢vne taerl ke
bakéém n | °nersaotlginsdygpoamd eamda kIl orheks d n, sody
peroks t, sodyum klLlormon yvyevgtosefA.otA.etdammb

Santves .ar k2RRd) heks d hkt @l ukoantadetr kb avdeal ba&k el
sayes nde ajéz boklujundak Ed@d@ariv@&tmekraoapgesa
ol ukuMuheyen °zell ] sebeb( 89l e r YRAtEsTE VPeEnn

19| Page



| CONFERgy
\Q@* O

AVRASYA 12th INTERNATIONAL CONFERENCE ONAPPLIED SCIENCESFebruary 14 16, 2025 Tebriz
ISBN 978625596226-3

S mmons ve.Eartki.b,e 2hBEH pawviadnréd a |, kull anél an I
ol mamas e, aj éz - sekresyonl ar én azal maseé
neml enmede azal ma aj éz bakéméha RzehegiaB&retro :

2BYnun ymofadanks ve m de ¢zer nden gel en
p¢é¢n bal onunun ger s ntdemamen kkbdphat ama )\Bald ¢
kresyonlar akc jJere ka-ab | akc Bereudoinda
| ®yseebep ol ur. Buna &engel ol mak - the hem ¢
bgl ot Kk b°l gedek r sekdeCGoppephal ddorrromuvtel aakrak .a, s

..Me k ave rkt |l at°rdek Hastada C |t Bakémeé

betenl ¢ ¢neén kbhnshmd e &
endander. Baseén- yar a re hem f z Kk
la,rk2® 2rley n ¢ | d tem z ve kuru tu
mal ze-hmeOearaspihbdtesEenalkd -0& soj ul
yabedld mabmak &@d égséekl é] é& ve dprednrden m
onraseée c¢ |t y ce kurulanmaleée, °zel
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25 Me k avierkt | at°r dek Hastada Dojru Poz syonl :

Vent | at°re bajlé olan hastalar harekets z
yumukak zedod&luenmekl am kontraktg¢gr¢ng, per fer
yar alPad @ma k - N uygunHapsotza nséyno nb avkeér d °med e =0 |
kadar yukaréda olduju b r poz syon terc h e
yataja yaptex] & bdaagend érken akc jJjerler n daha
Anc adku poz ksayadnwmpul moner S nstrelmemedkl ums urz 1
ol unmidlasdamnseéen k saate b r poz syonu dej] kKt
Buuygu) ammastane kaynakl|l & pn°®mon ve atel ekt
séklnéjagmdviaas €@dam- ry agmad alrléemremes ne kat ké suna
poz syonlama hastanén ayné zamandaesyat akde -
saj | améekamd.ar k2019)

2. Mekavenk rdak® hastada yatak - hareket|l I
Vent | até@d dleesrt alkap sedat ze zolbmaleaireda seée e h a e a
ven trombozu ad-té&sn&@&mdam sdeark kir av en trombozu
uygul anmasé °ner | r. Bu prof | aks (Kbhast ae -

Yazéce Bu2p2iehokd6hr makol vgp/ laeng & rkaotagjy lelaenral lea -
(Ger dwPen nmerzk Buhdu)n yanéeénda hastal ara pas f RO
| e hem hareketlhdmkldasesgeklsegramgktte ve kKor
azaltelab | mekted rikKeBu RIOM erglzergerrderem az )
(Jareg.ar 2019

3. SONUC¢

Hemkirelik y°netmeli]i hemkirelere ventilat?®
yéekl emektedi remkBubhetdemémeéernhmbdEphék oventul at
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¥ZET

Bu -ale ra,terapatik rekreasyam breyler i n s aftileridijnéecleraeyi hedeflemektedir.

¢tal éksmard al 0 ay @klmak abaiz@eéd ealr €n eBsua ks ad |é&kmmad katr &rn

i ncel en dterppatik zlaeasyaondni zi ksel , zi hinsel ve sosya
iyil extirmeler sajladeéejéené ortaya koymaktader.
doja temell: aktivitelerin stresi azaltteje
fiziksel aktivitelerin semptoint.y°°Kireanink nh a sd
-ocukl ar vV e ai | eecrapatiki mreldeasyam Kk aenpll @eam &€ m sosyal
gé-lendirdiji, yakl él arda ise prademamlaane&nd
bel i r | eOtizmli iteylarde egzersiz temelli uygulamadan Il eti kim bec
geliktirdiji, genel ol arak rekreasyon akti vi

g°r ¢l mektedir

Anahtar Kelimeler: Terapatik RekreasyonrS aj | € k
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EFFECT OF THERAPEUTIC RECREATION ON INDIVIDUAL HEALTH

ABSTRACT

This study aims to examine the effects of therapeutic recreation on the health of individuals. In
the study, studies from the last 10 years were examined and some of them were taken as basis.
When some of these studies were examined, it was relvélade therapeutic recreation
provided comprehensive improvements on physical, mental and social health. It was observed
that naturebased activities reduced stress and increased motivation, especially in individuals
with mental health problems, and phyiactivities supported symptom management in
neurological diseases. It was determined that therapeutic recreation camps organized for
children with chronic diseases and their families strengthened social harmony, and the duration
and intensity of the pragms directly increased the effect in the elderly. It was observed that
exercisebased applications improved communication skills in individuals with autism, and

recreation activities generally increased the quality of life andveatg.

Keywords: Thergeutic, Recreation, Health

1.GKRKk

Bok zaman, bireylerin g¢nl ¢k zorunl ul ukl ar d:
tercih yapabil difji zaman dilimlerini I fade
ger-eklexktirilem,seki wienisnosfyiadi kyseeni,l emimeisi ni

rekreasyon olarak tanémlanmaktadér (Hazar,
baka -ékmak i-in bireyler, bok zamanl aréne d
faaliyetlee e (doja ye¢reéeyeéekleri, sanat etkinlikleri

ve K°ksalan, 2008).

Rekreasyon, bireyin Kkikisel il gi ve yetenek
sportif etkinlikIlere kattceenléuwj uynodl auny | uaz agkel nal k¢nka
bir s¢re-tir. Bu s¢re-, bireyin topl umsal e
°©z¢nde i -sel motivasyonla ger-ekleken ve m
topl umsal uyuml a - edr(Buchee $924). f aal i yet |l er i kap
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K° keni '"feaatio"(yenilenme, tazelenme) kelimesine dayanan rekreasyon, modern

anlamda bireylerin ser best zamanl|l arénda °z

yenil enmeyi hedefl eyen tQ08). aktiviteleri i fad
Kar akg¢- ¢k (2008) , rekreasyonu -eki tli a- el e
kurall aréna g°re (dinlenme, kel tegrel, topl ui
g°re (yak, faaliyete katelnan hiasit ast@kéae gnz:
(ticari, sosyal, ulusl arar asé, estetik, fiz

(Karakye¢-¢H49. 2008: 77

Terapati k rekreasyon ise, fiziksel, zi hinsel
saj laglkamgtrel erini i yil ektirmek, yakam kal it
yée¢kselt mepl amlae e@kanat t ekeeapi si, fiziksel e
programlareé vb.) kull anan, di si prl(Gamelr 'y, ar as
2003) . Bu kapsamda, terapati k rekreasyon bi
gel i ktirerek, ivyi ol ukl aréné olumlu y°nde et

Rekreasyonun b¢nyesinde kendi ne aiatl amiéz meti nh
ayne i fadeyi kull anabiliriz. Rekreasyon, esk
kull anél érken (Frye ve Peters, 1972), terap:
sonra gelm&medgre. bRkl amek| ekkobaspbenuerbpral an

1950' 1l erde Kkinci D¢nya Savaké' nén ardéndan
olarak bilinen hizmet, Kki nci D¢nya Savake s
askerl er i -in Kpeebgr aHml-arr ekureaarsyon - al ékanl
Savakén ardéndan, késa s¢re sonra Gaziler K
gel i ktirilmiktir. Zi hi nsel engell il er i -1 n
okul | akréenadsay aone t er api si programlarénén ol ukt
2004), ©°zel gereksinimli bir-ok birey veya g

karmakékl éjé& ve birbirine bajémhéeluagimanfi axlkneée

profesyonelbia | ana d°n¢kmgkt ¢r (REBAH, 2022) .

ul

gr

bg e

programl ar é vV e ejl ence temel | i aktiviteler
néml a(NERE61980) é rAy r K@aa ak¢- ¢k 2008 vy élkamada ,y ap |

us al Terapati k Re&ki&asegbanedspbunluu] engeeét arp
ubundaki ki kilerin yakam kalitesini y¢ksel

mséz yakam becerilerini destekl emek amac

t a
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terapatik rekreasyonun sadece engel l il er [
su-1lul aréen, mahkuml ar én, cezaevinden -eékmecxk
bajéeml él arénéen rehabilitasyonu gyeasvonukl ema
kull anardgé&)] amekt ér (Karake¢g-¢k, 2008) .

Terapati k rekreasyon teknikl eri arasénda hot
d¢nyada °neml i bir unsur ol arak ©°ne -ékmakt.
yenien ¢retim yapabil menin ve bakaré duygusunt
bah-elerinde -aleéekarak fiziksel olarak zind
sistemini korumaktadeéerl|l ar. Bah- Erinkabtarmraktd ar & i
ve psikolojik uyumu daha rahat sajlayabil m
bah-ecilif]i il e ujrakarak hem fiziksel, psi

yée¢keneg hafifletmekte hem dmalktredéerlekr ekAmolma
2017; Bak- &, 2022) . Terapati k rekreasyon te
terapil eri m¢ zi ko, resi m, heykel, dans ve dr

Sanat terapilerindimiafaagé rixier @ flaedrei ,etkme si ni

ortaya -éeékarmakter . Sanat terapil eri davr an:¢
tedavilerinde kull anél abil mektedir (¥z ¢eliKk
elsamt |l are terapileridir. Emekl il i k d°nemind:
psi kolojik olarak sorunl ar yakayan, depresy
tedavi edi |l mektedir. Bu terapi Irerkdaez apksliakro,| 03
ve «kKapkal ar °r mekt e, takeéel ar yapmakta ve b
(Dolling, NilssonveL undel | , 2017; Poll &nen, 2009) .

Sahada engel | bireyler i-in en -0k wuygul an
sporogani zasyonl ar e, a- ek hava &rla 2045) lmnicdka ni z a s
grupl ar é, sanat ve zanaat e takki 2017) ile Ihaywam , tiy
terapileri (Cirulliveark, 2011, Mel son, 2003) ol dopul g? epl
sosyal, duygusal, biliksel ve zihinsel gel i kK
edi Il mi ktiak (Z0tu) |l Godedard ve Gil mer, 2015; K
Hayvan terapil eri rett ve kanparmage rv es e°njdrreonmmh
bulunan -ocukl arda, geli kim gerilifji ve boz
hi peraktif ol an -ocukl ar da, otizm taneéseée a
-ocukl arda, psi kol oj ibke ytimavmd cge-(icreare b-rad u lple
alan -ocuklarda, diyabet gibi kronik rahatseé
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rehabilitasyon s¢recinde olan -ocuklarda ol u
Conk, 201120188 1.d éHaéynv,an terapilerinde daha

hayvanlar engelli bireylerin terapilerinderyal € mc € ol arak kul |l anél makt
Engel | bireylerin kateéelabilecekl eri bazé u
pentatlon ve maratn dan ol ukan, tem engel grupl ar éndai
fiziksel, g°rme ve zihinsel engel | i grubuna
amput e, g°rme ve beyin felci engel Iteroilngen ¢s a'll
ve konsantrasyonu geliktiren, beyin felci g
tek veya takém halinde yapeéelan f1l °re, epe Vv
oynanan futbol karkel akmal ama, ggat mal engg?tt
erkek sporcularén kateéldejeée judo, tekerl ekl
oynanabilen masa tenisi, ok-uluk, voleybol,
(Il kéem, 2019) . Spoan ®Bngmhi z&édsyorylear & vuaraans & ru
engelli bireyler ¢zerinde olumlu etkilere sa
zi hinsel engel | i bireylerin fiziksel ve zi hi
©z diesriipnliinnligel i kmesi ni malkt sdsry al Aexknever Kumi ¢

Terapati k rekreasyon tekniklerinden bir difje
resi m, heykel, dans ve drama gi bi ilefiengeki| & s an
bireyl erin kendi ni ©zg¢rce i fade et mesi ni
ama-|l amaktadeéer (¥z ¢elikbak, 2019).

Terapati k rekreasyon, bireylerin sajléejéneée
aktivitelerinin terapati i r yakl akeéeémla kull anél maséné i-er
gereksini ml: bireyler il e zi hinsel sajl ek
uygul anmaktader . Kyil ekme sg¢grecini tekvi k e
yakamdaama- ve aidiyet duygusu kazandeér ma he
uygul amal ar e, bireylerin ki ki sel I yi |l ekme

alanlaréenda gelikim sajl ama potansiyeliyle
rek r easyon, fiziksel, duygusal ve sosyal A

amacéeyla bok zaman aktivitelerinin kullanel
iyilektirme programlar e, y a K| éa&syon tesislerigibi g ¢ nl ¢
-eki tli ortamlarda uygul an2f2alkBarhidielral., ZOP3ar k et
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D¢nya Sajl ék ¥rgegtegbnegn yaptejée tanéma gore

bedenen, ruhen ve sdhaayaldiyendan |l teamklaivrer aimgi |
hastal ék ise uzun yeéllar boyunca o6fi zi ksel

yalnézca rahatséezl ek hissedilen organa odakl
uzakl aké&alerkasg§gi gedireyin be¢t ¢ncgl ol ar ak de
yaygénl aktéereéel maya -al ékél mékter (¥z, 2010).

Sajl ek a-éséndan rekreasyoand&ogajyluekil a agll &rk
iyilektirme hizmetletiybBapdamandhkhi enbeflt eiolna
dejerlendiril mektedir. Bu iyilektirme hizmet
Rekreasyon terapisi, terapi s¢recinde yapeéel

yetersizlik durumundao | an bireyl ere bok zamanl arénda t

rehabilitasyon faaliyetleridir. Rekreasyon
ortadan kal dér él mase, hayattan zevk al mak v
s¢rdigrimein -exitli faaliyetler yaparlar. Ki Ki
hayata hazérl amak, kKikilerin 1i1gi alynl ar én
-al éxeéerl ar. (Tet egnceyg, 2012) .

Rekreasyon terapisi, bireylerin fiziksel, zihs e | veya sosyal engel |l eri
ol mak aprMaacrelyd ag&«kpowv, tebhpat, oyun vb.) aracel
destekl eyen bir tedavi y°ntemidir. Bu s¢re-
olan bireylerin m k am Kkal i tesi ni arter mayeé, baj eémsézl
entegrasyonl ar éne gé-lendirmeyi hedefl er . F
mi ni mu ma I ndir mek, yetenekl erini kekf et mek

kol ayl akiknEkmak ¢?zg¢ nmhdhal&kled plearelldrié egzer si

sosyal etkilekim programlare) tasatcrklgdrt.e rBed vy
ve psi kolojik gelikimlerine dojrudan katkeé s
Rekreaspn Ter api sinin Temel Kkl evl er.i (Kozan, 2
Yakam Kalitesi ve Sajl ek Parametrelerinde Ky
1T Fizi ksel kapasiteyl artérma (kuvvet, denge
T Psikolojik i1yilik hal:@ (°zge¢ven, motivasyo
T Biliksel beceri |l eprrdoedlgan i-izme()adakl|l anma,

Sosyal ve Duygusal Destek:
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1T Sosyal beceril eri gé¢-lendirme (il eti ki m, t
1 Yaratécel ek ve hayal gésceéeneg tekvi k et me.

T Aile ve refakat-ilerin moral destejini do !l .
Rehabilitasyon S¢grecinin Optimizasyonu:

1 Uzunvaddl f i zi ksel / ruhsal geril emeleri ©°nl eme.
T ¥zel ejitim ile ge¢nl ¢k yakam arasénda k°pr
T Terapi s¢resini kesaltarak tedavi etkinli]

Uygul ama Al anl ar é:

¥zelli kle uzun s¢reldi hastanede yatajik bireyl
bozukl ukl ar) ol anlar ve s¢rekli teébbi takip
uyuml aréné ve yakam enerjilerini koruyabil me

2LKTERAT,| RDEKK ¢ALI kMALAR
Picton ve arkadaklarén 2020 yeéedleadakiyvaipl € kil 1
hava doj a atiekmed d kr ¢ @3y a@nu Kk ey ivfeltikrekeetsgpraumk al g

ruhsal sajléeja olumlu bir katké sajl adéj éneé

Gharpure ve arkadaxklarén 2024 yxdliémda yypaptea
Qigong ve dansén, PD'" | i bireylerde NMS'I| eri

etkiliterat i K yardémceéel ar ol dujunu gPstermektedir

Rea ve ar kadya&ll amrdca énaRtOELIOl ar ék a-napl aé kkrnatdal, & nré

ebeveyn ve kardexklerin psikososyal sonu-1I| ar
edi |l mi ktir. Ek ol arak, ebeveynl ek i gy aikamgam
uzakl akma yer.i ol dujunu belirtirken, kar dexk|l
kazandékl aréené ifade ediyorlar (Rea ve ark.

Saez ve arkadakl arénén 2022 yeéelénda yapt ékl a

lupuser i t emat ozl u (cSLE) gen-1 er i ak regkeeasyorb eveyn
kampl arénén bir-ok olumlu etkisi tespit edi
sajl anéerken, akran model | emesi araa a e&lke jvéey lha
deneyimine ilikkin daha iyl ebeveyn |1 -9g°r¢s¢
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Kim ve arkadaxkl arénén 2020a ykl eépdlaegapoekpa
yakl él arda olumlu deji ki kIlmeén es o sgyea li/rdneydgeu ses

ardendan fiziksel alanda ve biliksel alanda
ve S¢iresi program etkinlifji czerinde Dbir et
yéksekse, et kininde elkiardlag miyglkesredki rol (dKiij manv e
Aksoyd un 2020 vyélénda yapteéeje -al ékmada,

becerilerine anlamlé katkeélar sundujunu tesp

Yarémkaya ve arkadak!| armaéa, 20ddZey el 2ntdameglalp
oti zml: i bireylerin iletikim beceriler:i iczer

(Yaréemkaya ve ark. 2017).

tetinerdin 2019 vy eé,lreéknrdeaa syyaopnt &g két i-vail téexlnearsiémidna

dzeyi ¢zerinde ol unpliu eetdkiillne rkit ibrul(utnedu jnue rt,e s

Arslald én 2019 vyeél énda hyianpsted] ée n-geell d uygudsagrnedyal , e r
drama prbgr améi nsel engel | i bireylerin sos
beceril eri nde ityyislpe K m@ltdlan 2660)kd u jr u

Uzun ve Keéel eg0y éetl @malfaé nydaapréel 2a2n bir -al ékmada,
m¢zi k dinlemeyi, dans et meyi, resim yapmayeé

g°zI| enBui ktteirrapati k uygul amal ar sonucunda eng:

hareket etme yeteneklerinin gelixktiiji, SOSY .
belirgin azal malar tespit edilmiktir (Uzun v
BAY¥NTEM

¢ al e k merapatik rekreasyonun ve aj k @ kr a mbidirleeiyleé@ 1 | K ki si nden
-ékel ar ak hazéertanmpat ek, Kk k a p° tkirdka,k atmeé raa @°
belirlenmicktir. Belirlenen bu kavelkmbarzkEaart |

esas aludrmam@&ktatnr Ehgnaekbhkhr-ahékma tamaml anméxkt

4 GENEL DEJERLENDKRME, SONU¢ VE ¥NERKLER

Sonu- terapatikraekk,r easyonun bireylerin fiziksel,

iyilektirici ¢emgklkeri ODbgaj uegeit | i aktivite
stresi azalteéerken, n®rol ojik hastal ékl ar d.
destekl emektedir. Kronik hastal @&kl & -ocukl ar
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sosyal wyulyemdi gpekte; yakl el arda ise progr aml
et kil er daha belirgin hale gel mektedir. Ot i
il etikim becengll el mM3erel gaeakterapatikiredk feasyonun vy
kalitesini ve refganl amlzenyBrunkb uylr¢ggkusl ealrt,t isaj | &k

terapatir e k r easyona daha genik yer veril mesi ve

ortaya k ograpatikekraasgy®m, bireylerin"tamiyki hal i "ni dest ekl ey

bir ara- olarak ©°ne -ékmaktadeéer.

¥neriler

A Terapati k rekreasyon programlareé, ulusal
Kekil de yer al mal édér. Kronik hastal ekl e
gbigrupl ar i -in bu programlara ayreé bg¢t- el
al énmal edér. ¥rnejin, doja temeleli aktiwvi
edi |l mesi tekvik edil melidir.

A Far k| hasta gruplaréna (n°ratoybk) hpsnal

e
kanéeta dayalée standart wuygulama kel avuzl a
program s¢resi ve yojunlujunun etkisini a

phanl aré olukturul mal edeéer .

A Toplumun sosyoke¢l t Jreebli |yiap évseé rkaa plsyag/LErc,é  epri

tasarl anmal édér. ¥rnejin, g°-men gruplar
altyapée engell erini akan rekreasyonel kan
aktivitelerl e kr oni kyurhuadsstekdehngekdiré - ocukl| ar é

=~
—

A Terapatik re easyon alanénda fizyoterapi
ve rekreasyon terapistlerinden olukan eki
' niversitelerde bu al ana ©°zedneyisnedant i fi ka p

uzmanl ar yet.i tiril melidir.

~

A Dezavantajlé gruplarén terapatik rekreasy
kampl ar , Kehir parklarénda rehberl:i aktiwv
programlar (online yoga, egzersiz rehberleriypg y génl akt ér él mal édér
bireylerde il etikim becerilerini gel i kKtir

mer kezlerinde tanétéme yapél mal édeéer .

KAYNAKCA
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ABSTRACT

Food secur ty s a c¢r t cal tocenaoavmtd s tmph
and env ronmental susta nab | ty. Th s study
I terature on f oody skeecyurt rteyndsn, orndfelruetnot adle ny
areas of research n the f eld. By analys ng
the Web of Sc ence database, the study denit
prom ndrutt omst contr but ng to food secur t\
dat abase, we dent f ed alll or g nal art cl
coll ect ng b bl ograph ¢ and c¢ tcatt adlnaadesd a ,e

—

o food secur ty, the analys s was perfor me
art cles were retr eved from the Web of Sc

75,221 t mes (68,65bat mas)daeimpdyagr saltflonts
(35,859). The H rsch ndex was 125. The | ea
p

ubl shed was t he USA (n = 3,655). The mo
Env ronment al Occupat onahkroHed&l thpuph sheér 7¢&
= 1,846) . The journal w th the most art cl
conclus on, th s b bl ometr ¢ analys s not

devel opment of the 1 eelads lght sal 0 oofffuemus ev e

pol cy mp | cat ons for ach ev ng gl obal foo

KeywoBdbt ometr ¢cs, Food Secur ty, Food Inse
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11 NTRODUCTI ON

Food security continues tohalel emege ,f wihteh mom
public healt h, economic stabil i(tly Feonodd tsheec ust
is defined by the United Nations as the abil
and nutriti cus2)flotodi sati mfllluegnced by factors
soeicoonomi c disparities, cl(idmat@yehmatnigpe @@adt j
research on food security has developed as
itherdependent worl d, covering topics from fo
and political dimensions q6,f®&0od7di 8)ri butio

Food security is becoming increasingdmnd urage
climetteat ed di sHawevens ({83pite the volume o
themes, identifying key focus areas and reco
underexplored. Bibliometrioc tahrealewsil 2uta fofne rod
research, as it iI's a power ful t ool for exa
meas(@dO3Bi bl i ometrics provides a comprehensi
research has evol ngd aaredshioghliing letr® se me ha@it c
agendas by analysing trends, themes and i nf]
The aim of this study is a bibliometric an

examination of the acaplemd gedtiitveea.atTulrreo u gho nt

seek to identify key areas of research, hig
contributors to the field. Ultimately, t his
deci si ons, a,c aadredmi r gcautriscuailt sappl i cations i n

clearer roadmap for future food security res

2 MATERI ALS AND METHODS
21 . Research Design and Search Methodol ogy

A bi bl i ogr ahpihcihc irse va erwe t np@espfeocrtmevde usstiundgy t he
anal ysi ¢ 1l.mefitheodWeb of Science Core Collecti
which provides a comprehensive and consi ste
used by scientistsi,teowaatuseddabasenstAsctheh
as a trusted source for Dbiomedical research

it was chosen as the main data source for th

was hhighted.
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22 . Data Collection.

The search ter ms ffoorodd ast€aRifraedidyi iewv@e ic unreerjey T
eliminate bias and to account for the frequc
search was condudtedd uiamr ya 2s0i2nbgl.e Tdheaey s(elalr c h w
to 11 February 2025.

22. 1 Standards for Study Selection

A tot al of 13,729 articles wer e uisdemt itfhiee d eb
food security OR food insecurity (title). T
articles, case reports, editorial s, not es,
chapters, and proofs froim Tthe rdecarmkean.t Tlhye ey

then removed from the analysis due to a | ac
9,677 results. The titles and abstracts were
22 . 2. Data collection

Record titles, years of publication, names
names of authors, keywords, names of institod

countries of origin were consixtdefedmatssenhe
number of articles and the total number of c
taken into account in the analysis. The WoS
exported into MicrosofltesQf fGA,e WEXA)e If 02r0O 1f9u r(tL

23 . Net wor k analyt =cs
Th s b bl ometr ¢ study used VOSv ewer (vers
t o mport data and dent fy trends, coll abor

useadot bect and rev ew data on authorsh p, |
The programme ass sted -oacuhre maasaydchotrasth dpre

andccbat ons.
SRESULTS

Dur ng the study per avtdoihhsome2@1prooduz@24, np

most common | anguéafebusetl was Engl s h
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TablTehel | anguages n wh c¢ch art cles were pub
Languages Record Co % ®f. 677
Engl s h 9.427 97.417%
Span sh 107 1.106%
Portuguese 72 0.744%
Russ an 31 0.320%
French 21 0.217%
Ger man 3 0.031%
It al an 3 0.031%
I ndones an 2 0.021%
Mal ay 2 0.021%
Tur k sh 2 0.021%
Ukra n an 2 0.021%
Dan sh 1 0.010%
Japanese 1 0.010%
Nor weg an 1 0.010%
Sl ovak 1 0.010%
Wel s h 1 0.010%
A total of 183 countr es/reg ons have been p
countr es w th the most publ cat ons are sho
o] [SIEE8
3000+
2500+
2000+
1500 —
1000
500 - 722 686 633

222 536 514

- - 224 31 55 T

0 T T T T T T T 1

2/ ¥ 4,
5, 2 o, 2
’ % %, “, % KN %
() 3, % %, L
k? 7 P

F guMesl. product ve countr es
Over theheosrseyofwh ch rak2gedefppronmke22diasea
were d scowswdéioevd. t heblmosa ntens vely expl or e
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Tabl.Mo 2t act ve research areas

Research Areas Record Co % o%. 67
Publ ¢ Env ronment al 1789 1887%
Env ronmental Sc enc 1531 1821%
Nutr t on D etet <cs 1349 13240%
Agr cul ture 129 1331%
Food Sc ence Technol 1112 1891%
Sc ence Technol ogy C 967 9993 %
Bus ness Econom cs 960 9920 %
Devel opment Stud es 383 3958 %
Soc al Sc ences Ot he 271 2800 %
Gener al I nternal Me d 225 2325 %

Show ngotetnrtsrt elsO

I n the yearande2 Wzeh BABEbtlalatofons Hawgarke&n
presents the afdurlnalts owmst hboft teheh tgemest numb

361 157 155
UNIVERSITY OF CALIFORNIA SYSTEM UNIVERSITY OF UNIVERSITY SYSTEM
LONDON OF OHIO

143
JOHNS HOPKINS BLOOMBERG
SCHOOL OF PUBLIC HEALTH

166
HARVARD UNIVERSITY

F guMes?2 prol f ¢ aff | at ons

42| Page
www.akademikongre.org



CONFERg
e &
&7 Vs

AVRASYA 12th INTERNATIONAL CONFERENCE ONAPPLIED SCIENCESFebruary 14 16, 2025 Tebriz
ISBN 978625596226-3

Bet ween 20,15t eamwde m2¢0r2ddetsect ed, represent ng 6¢

3 sts the most prol f ¢ publ shers.

Tabl.Mo 3t ppruobll fs hcer s

Publ shers Record Col % @df. 677
El sev er 1846 1D76%
Spr nger Nat | 1387 1833%
Tayl or & Fr ai 9514 9858 %
Md p 884 9.135%
W | ey 701 72 4 4 %
Sage 328 3389 %
Cambr dge Un 326 3369 %
Front ers Me: 270 2790 %
Emer al d Gr ou| 190 196 3%
Oxford Un v | 165 1705%

Show nagotfietnrtsrt elsO
A tot alarotf c2l.e694 Bod v es hbeede o n  tnhcel utdoeps ct.h eT alb0O e o©

t he most publ cat ons.

Tab4d bour nal s pnmuobslt sahr tn gc Itehse

Journal s Recor % ®f. 67
Coun
Food tSecur 280 2893 %
Sustat ynab | 261 2697 %
Nuemnt s 206 2129 %
Publ ¢ Heoanl th Nutr t 203 2098 %
Jour nal o fr othumddgnettra hEtn v 158 1633 %
Pl os One 154 1591 %
FrontSesnsaablme Food Systems 132 1364 %
I nternat onal Journal ofc Ertheva 127 1312%
Bmc RulHleal t h 123 1271 %
Gl obal FeoAgBeéecut éeurendolEnwver 113 1168 %

Show ng 10 out of entr es
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Thevaluated art cles generated a tot al

of |

c tat ons), g- ndreg &g de23tr aga mhher of c tat

publ oanat (1, 460) WRsg)droa n3 n 2024

1400

1200 -

1000 -1

800

Publications

600 -1

400

200

T T
2013 2014 2015 2016 2018 2019 2020 2025

- Publications - Citations

F guPeb8. cat on and ¢ tat on frequency

As shown n F gure 4, our b bl ometr <c

It was found that the font s ze of the

wh ch they wer e repeatedart
fisheries

aquaculture
@

: epidemiolo
energy@ecurity f00d suply Cha%’;o(‘fe food poverty P @iology higher education
@ 13 publighealth
water-energy-food nexus healtheequit
pgbll@ohcy < 1y
Susta.blllty pan@mlc supplemental autrition assista
S Oees Y?‘ & s
Sustamabf., ty S . ] de;ern.mts of health

¢ heaith ‘ huuer chid
.food nmcpﬁ‘yw' @i collegeﬁudents

N\ food pantry
I geno foe&em&onmennnlversny,students

u” Deanealth disparities

Bs

sustalnabl velopméﬁ

est‘fg*\ N i vid-19

\bmle
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( ) @Farct:
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I U - ( sSb‘ \ anxiety

v it o \ low-imeome
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clima hang :uw ’/- P .de"wso diet @@ality

adapfation o = 5¢ ".,;.Wj\'i’ﬁcd'nesr;a’ - Ch‘eﬁ obiesity
nl.'la 6‘8 &] eho d 'd lhsecglty. ~un|te¢states
/ ehold d Se ri T nhanes
smallbol("farme?sl bangde’gw & .D %pmg ‘ategles sogoeconx‘mc status
] 1€ a\ erSIty \ dletar’ntake
) pe jake@ya ® sm.mg ~youth
climate wariability . indonesia body mass index
adaptatio@strategies . gl'\a hfias bant elderly
panQdatarural households
determinants
Fgud&eyword v sual =zat on map of art cl
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The s ze of the bubbles was proport onal to
net work representat on of b bl ograph ¢ <cou
connect ng the countr es nd cates the degre
I nes nd cate the cluster to wh ch each cou
| east one dadme uanetnat amrd (fFH oW reeach country
" panama
3 g costarica
uruguay .
) geod haiti
brazil . .
% ,_“mar '“D"“h 4. hicaragua
o/ sﬁ’l_.w:ka nepal  purandi
o s
singapore _ ng
«reland ; s
kuwai’t / ) ’ namb|f
.::;.\ = _',. &
porgugal rud’}'/%%‘._ » g
iskael jordani\:\ : \ v
g ®::
latvia " VT o
graece ronienia @ g mali
L
south korea poland N
estenia 12
: b .pa niger
slavenia hurga.ry&ech republic =
slovakia uzbekistan
garia north areland tai@an
turkey |r.q. . -
FgubeNet work v sual sat on of b bl ograph ¢ c
relat onsh p between authors w th at | e
shown n F gure 6.
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sieber, stefan |

osabohien, romanus

Fgurmldhreel at beensweems aut hor s

4DI SCUSSI ON

Thbsbl ometr ¢ analys s exam nes the chang n
per od€202@15 There has been a s gn f cant nec
c tat ons, w th 2024 be 9tg g pant mwardeadeg nrmo
to food secur ty, poss bly n response to tfF

and t hel X Oywdrmhde ns ebedn t enr &t ¢r én(12neld) th t s
n gl obal f oaad cphhol ncsyt dmd obese the Un ted ¢

publ cat on output. However, a grow ng gl oba
n reg ons w th h gh | evels of food nsecur
countr es such(lads,.C@hSnma aamd | hndd aa both devel
popul at ons and econdm6é¢s, have the r | m t a
The most act ve research areas dent f ed we
env ronment al sc ences and ecology, w th a s
suggests that food secur ty S ncreas ngl
encompass ng not only agr culturababoplrotdwy,cth:e
and ®8econom c¢c development. The prom nent r ol ¢
Susta nab | ty h ghl ghts the mportance of

aud ence of stakehol deksersfaocth anandematsohal
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Further more, the use of VOSv ewer to anal ys:
key themes shap ng food secur ty research, s
food systems arnnd ftolnel smetcegr aty omt@ susta na

evol ut on of the research shows a c¢cl ear sh f

access to food to a more hol st ¢ approach
d mens omsecaiff tgodTh s S n | ne w th a w
|l andscape, where food secur ty S no |l onger
as a compl ex, nterrelated ssue tsdhat requ r

F nally, th s b bl ometr ¢ analys s h ghl g
Countr es w th strong research outputs, suc
partnersh ps w th emerg ng rAkmerarcd tce ndimrest
comprehens ve, globally coord nated effort.
future research, help ng researchers dent f
pol c¢cy and susta dabBekutrytghaAbehbesrensnebhpot
mportant to address gaps,comam cculnaergluyal mn t
nutr t ous food, and the mpact of cl mate ¢

SCONCLUSI ON

Th s b bl opmedvy ac¢cesanadlysalsl e ns ghts nt o t
research from 2015 to 2024. I nfl uecoead mby f
d spar t es and pol t <cal nstab | tecttshe s
the grow ng gl obal attent on to food secur t
such as env ronment al heal t h, food system r
susta nable development, sugmlesnamy apprhoddh
forward, foster ng gl obal coll aborat on and
to address the complex and nterconnected na

equ table food system for the future.
Lm tat ons

A | m tat on of th s study S ts rel ance
excluded some relevant art cles from other
om tted mportant perspectclviess om dfoorde\vs eecw r:

reports and other document -tepessenatyathaovre o
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research trends or rev ews that could compl e

study only ncl udessh panbdl ac aftew nst henr Elnagn g u a g
mportant contEndglutstonspdalomngomeg ons-. The
ndexes as key metr ¢cs may not fully capture

tend to fawodel gyl deted stud es over newer,
per od of 2015 to 2024 | m ts the study's ab
term devel opment of the f el d, as stecmay tryot

research.
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Abstract

M | k consumpt on s a complex and w dely st
gl obal heal t h, nutr t on and the da ry nd
extens ve | terature envomutkooow$umeseamcthot
themes and spotl ght nfluent al stud es. Us
or g nal art cles on m | k consumpt on bet wee
and ¢ tat o9, dattagt kerny-woetdwonkhs amdated t o

the analys s was performed us ng VOSv ewer s

from the Web of Sc ence database. The art cl
eXdad ncg tsaetl fons). The year w th the most ¢ t
was 41. The | ead ng country n terms of numb

The most act ve f el d of researchihheasmoShutpr

publ sher was EIl sev er (n = 110). The journa
(n: 29) . I n conclus on, th s b bl ometr ¢
research | andscape onvalulkbtensuasmpghos, pt o\
spotl ght ng areas for future research.

KeywoMdsk consumpt on, b bl ometr ¢ analys s
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11 NTRODUCTI ON

M I k, a cornerstone of the ghobatr foodnaluppt
ts mportance n the d ets of populat ons w
cal c um, prote n and v tam ns, m | kbeplmry,s a
part cularly n detv eseorpv ensg ase ga omid ewdoreyd es otusr
nutr t onal wvalue, however, m | K consumpt on

and env ronment al factors ¢that vary across r

I n recent decades ,m 94 kgrc ofn swanptt oM fptags t er ns F
var ous factors nclud ng d etary preference
emerg ng al t er nbaats evdd 9 sUukcdhe rasds amlda mtg t hese ¢
grow dyg dofo research that focuses fomnt hae v amp le
of per sppuebdt cvehseal t h, consumer behav our, ag

susta (nda)bDespyte the expamdmpe elma@insr « eofoviehyv

research | andscape, part cularly through a b
B bl ometr ¢cs, the quant tat ve analys s of
mapp ng trends, d e nta nfdy umg okveeyr arge eesmeafg me:

g ven(5) By danalys ng the sc ent f ¢ output r
to prov de a comprehens ve ns ght nto the
a b bl ome,t rwece ame |l aybsl e t o dent fy the most

the dom nant research themes and the geograp

Th s art c¢cle a ms to h ghl ght t hehl tgohlll ogwh tnsg
key devel opments and prov des a framework fo
area. The f nd ngs a m to contr bute to bot|
of fer ng valwuabl e ns ghtds hdusesgpastakebol ¢

the food sc ence and da ry sectors.
2MATERI ALS AND METHODS
2 1. Research Design and Search Methodol ogy

The bibliometric analysis method wadashuded at
retrospecrivéghsetwely 656 Science Core Collecti

which provides a comprehensive and consi ste
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used by scientists, was used t€ basasaruchgth
as a trusted source for biomedical research
it was chosen as the main data source for th

was highlighted.
2 2. DatanColl ectio

Mi lclonsumpti on OR Raw mil k consumpti on OR (
consunpltiitdre) were used asTo eealricnhi nteaetremsb itas rea
for the frequent updates of the WoSCC databa
day (11 February 2025). The search was condu

22. 1 Standards for Study Selection

A tbhghosearch of WoSCC wusing the terms milk
OR cow's milk consumption OR heated mil k con
The search was then narrowed by excliudl ng r
notes, meeting abstracts, proceedings, |l ette
type tab, resulting in 554 hits. The year 20
of comprehensive dat a, reJbhketitmgles antdobbak

revi ewed, giving a total of 552 results, as

Tabl®edr.ch Al gorithm

Search Criteria Resul t
Count
Il niti al search 744

After selecting the d554

After exclpuwblnigshhed iici552

22 . 2. Data coll ection.

The data described as essenti al and extract
publication vyears, names of journals in whi
keywords, names of institutionsuwtthewhothot
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The tot al number of articles and citations r
the analysis. The Wo0S publications were save
Of fice Excel 2019 (Los ralgyedies., CA, USA) for

23 . Net wor k analyt cs.
Il n th s b bl ometr ¢ study, VOSv ewer (vers
was used to mport data and dent fy future

The software wa$ ahsoresvseewtodatcal o@a aut hor sh
and themat ¢ words. The programmecassreheds
c tat-aomnshorcdéc pt aan do ncso.

3RESULTS

Publ <cat ons n fodur |l mggpnédgecd wedwle och elad tde
to 2024. The most commonly wused | anguage was

Tabl e 2. Thdarltanduages

Languages Record Co % &f5 2

Engl sh 517 93.659%
Span sh 14 2.536%
Ger man 10 1.812%
French 4 0.725%
Portuguese 2 0.362%
Tur k sh 2 0.362%
It al an 1 0.181%
Pol sh 1 0.181%
Ukra n an 1 0.181%

A toB&loumfterg e@xn/sr were pubbndh2d2bet wegor 2025

countr es w th the most publ cat ons.
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100 —
100
90
80—+
704
60+
504
40+

304

20+

F guMeiIr.oduct ve countr es

Over theheostsdypfwh choradafngded #Pomnadeépbnden
were d scovered. Table 3 shows the most nt e

Tabl MosS8t act ve research areas

Research Areas Record Co % &f5 2
Nutr t on D etet <cs 162 29. 348
Food Sc ence Technol 114 20.652
Agr cul ture 77 13.949
Publ ¢ Env ronment al 52 9.420°¢
Env ronment al Sc enc 29 5.254¢
Ped atr <cs 29 5.254%¢
Sc ence Technol ogy C 29 5.254¢
Bus ness Econom cs 18 3.261°¢
I nfect ous D seases 16 2.899¢
M crob ol ogy 16 2.899¢
Show ng f rst 10 out entr es
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I'n the yearande2 Weseh #Aiidtlalatofons
presents

1
UNIVERSITY OF CALIFORNIA SYSTEM

have been
h ghest

thetaehf jlouatmhabss wot ht hée

nu

8
UNIVERSITY OF BOLOGNA

7
HARVARD T H CHAN
SCHOOL OF PUBLIC
HEALTH
HARVARD UNIVERSITY

UNIVERSITY OF AUCKLAND

HARVARD UNIVERSITY MEDICAL AFFILIATES

F guMes? prol f ¢ aff | at ons
Bet ween 2015tanded024es werledidded efcfterdentr epu
F gulrest3ds the most prol f ¢ publ shers
110+ -m
60
] 34
404 ﬁ
304
18
0 == 16
1 D "
0 1 T T 1 T T T T T T 1
Q’« %; 4{;70‘ %/é % /‘;—P/ A;%, 0"6 d:’@ % 5,
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A totaarbobfcl3dgpuhbav es hbeede non trheel udes ct.helab0 ej a

the most publ cat ons.

Tab4Dop jawernnal s

Journal s Recor % &f52
Coun
Nutr ents 29 5254 %
Journal of Da ry Sc ence 14 2536 %
Susta nab | ty 9 163 0%
European Journal of Nutr t on 8 1449 %
Food Control 8 1449 %
Pl os One 8 1449 %
Brétésh Journal of Nutr t on 7 1268 %
Ernahrungs Umschau 7 1268 %
Journal of Nutr t on 7 1268 %
Amer écan JouNwmiat ©Oforgl n cal 6 1087 %

Show ng 10 out of entr es

The artl ualtesd gveael dedtatt ootfalwhé fch@ Wie@ e, sfed rf
an avermdex hof 41 . |t S hatdahlbtee sgiraeeh u MO
publ catwhonse (60& bf ggetsdat nambdewe oe. mak eg urne 2
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356 I

I
Im
T

T
suoneyd

Publications

T T T T T T T T T T T
2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025

Publications - Citations

F guPeb4 cat on and c¢c tat on frequency

Our b bl ometr ¢ study revealed the most fre
font s ze offobbhedképywbeds!| wasely proport onal

n the art cl es.

mo‘;@jnia
metabolomics

dairy farm

consumption #&l@tionships angoat milk cow's milk

tick-borne encephalitis viru

cows' milk allergy m'mlllu cow milk=‘5umption’

food safety

anti&tics

food chain

F gbKeyword v sual zat on

I n the network representat on of b bl ograph
was proport onaksearthecooptdumeeof n each cou

connect ng countr es nd cates the degree o
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cate the cluster to wh c¢ch each country

ddcuwmeaeln one ¢ tat(®ngldremé each country

en gT'é‘n'd
geﬁh“ﬁny

' ¥

- ‘l %
japan™ algeria usahl,m?;arv . - Wia
talyassi

F g6.Network v swahtsatson of

The

assoc at ons between authors w th at [
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wiley, as

goulding, a

world healtlyorganization iy
8RS
ic popovidg¥anjes, a .-
muﬂ‘ oliver, sp

bout'_a, a bW, " e,
a%& h kusel, mmh

allerberger, franz

F guwvVMesuvual sat on of author relat onsh ps

4Dl SCUSSI ON

Th s b bl ometr ¢ analys s prov des a det a
consumpt on over 12024 pash glkicaglkt (R 1bey tr ¢
and emergThg Shewmdy. ncr ealsecatn arhse, npuanrbte rc w
and 2024 follow ng the pandem c, suggests al
dr ven by ncreas ng gl obal health concerns
the h ghest numbler hfghkl taaht omg t(He 35mport an

n shap ng the future d rect ons of da ry ci

refl ect ncreas ng attent on to top c¢cs such
benef sl b, and the sh ft Rb acsoends uonpetr opnrse.f er
The Un ted States emerged as the | ead ng cou
art cles; th s trend can be attr buta@adctooft

da-rrel ated research n the @@y However aloahdr p
w th s gn f cant da ry ndustr es, such as
al so contr buted s gn .f Theaentglly btad thlae ubb@d y fc
research, cover ng 88 countr es, h ghl ght s

d vers ty of d etary hab ts and econom es.
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mo st pr oduwcsteavrec harweaas ofutr t omatanndg da e
f cant focus on the health aspects of r
sed on the role of m | k n bone health
cul arly n terms d@f/, ¢8I1O9yTihl )spr o e m Ila
ng publ ¢ health d scuss ons about the

t on, part cul(alr2l,y 13n .devel op ng countr

contrast, env ronment al andnsuwhal ealpriles

o

S

a
u
d
e

unted for a smal Iseuc hpraosp oS tn(gdvt )eotf Hidhwes v EX

s | kely to ncrease n the com ng ye
ct of m I k products a@ancrAs sastdacabrl ty
re stud es may ncreas ngly exam ne the
a ry farm ng prachbased, mahkhd aheendaptves
ndl y( $bpst tutes

nterd sc pl nary nature of m | k consumg
cles publ shed n journals such as Nutr
e journals cover ar eatso reannvg rnogn nfernotna | n ustu
demonstrate the broad nterest n m | k ¢
most prol f ¢ publ sher n the dataset,
sc enceghllndgmtutmg t tosn, rmfl uence n shap

spec f ¢ focus on nutr t on and d etet

th debates, part cul arly n relat on to

prom nence of th s journal al ongs de ot he

k
d

u

a nab | ty demonstrates the nterd sc pl

al zatcoamtofy o&r ®wds ograph ¢ kIl onfk sr erseevaerad t
vely nvol ved n m | k consumpt on reseal
as the Un ted States, the Un ted K ngdc
rnat onal g ell lag kear astteuodd ecsnpimhddsr y hat ud €
consumpt on research S not only- nfl u
er academ ¢ coll aborat on, part cul arly
r ty, spstbéd wcalbelalth, and
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Il nterest ngly, wh | e countr es such as the U
of the number of publ <cat ons, emerg ng ecol
contr bute an ncreas ngynumbémwmowbhgbewudde .
cuntarndeschang ng d et s n these reg ons wher
t he ncreas ng awareness of the health and e

SCONCLUSI ON

The results ol toghhts tshteudymphort ance of cont
address the complex challenges posed by <chan
env ronmental concerns. Future research shou
the health benef ts and -dhearr nvse do fm tlrke,d | & rudo atiah e

factors that nfluence m | k consumpt on n d
gl obal research trends, t huabbeblt omrhetfrorc rae
pol cy makers and ndustry stakeholders to ¢

da ry and food sc ences.

L m tat ons

Th s study s | m ted by rely ng on the Web
exdles relevant research that ex sts n ot he
The focusl amgEagé pwbl cat ons may overl ook

| anguages, | ead ng to | angua-ge malasar tl nc laadsd,
rev ews and ed tor al s, may have m ssed mi
|l andscape. F nal | y2,0 2tdh e esxtcd duyd epde rt hoed moxQ 1l 5r e
I m t ng the analys s of the | atest emerg ng
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SEEDLING QUALITY IN Mediterranean Cypress(Cupresus sempervirens.)

Prof . Dr . Nebi
Isparta University of Applied Sciences,
nebibilir@isparta.edut0000:0001-9911-4304

ABSTRACT

Seedling height (SH) and reobllar diameter (RCD) were examined #+0 container
seedlings grown in Antalya Forest Nursery in Mediterranean cypZegsgssus sempervirens

L.). Seedling morphology and quality classes of Turkish Standard Institute (TSI), and
sturdiness index (SI=SH/RCD) wegraminedn this study to contribute nursery, afforestation
and other forestry practicésr the species

Averages of seedling height armbt-collar diameter werg01.4cm andl4.7mm, respectively,
while seedlings showeldrge difference$or the characteristics. Seedling height was between
79 cm and 126m, and roctollar diameter ranged froéimm to21 mm.

All seedlingswerein high@lityf or bot h seedl i ng keellardidnteter( 4 0 c m
(RCD? 2 mm) according to quality classes of T®1. 76 of the seedlings were aull (SI>60)

and 5.3% in second clagsO<Sl<60)according to sturdiness index. Positive aghificant

(p O0). r@ld@ion was estimated between seedling height andcodar diameter based on

results of correlation analysis.

Keywords: Diameter, height, morphology, nursery.

1. INTRODUCTION

Mediterranean cypres€qpressusempervirend . ) whi ch 1is native tr ee
Mediterranean cypress has two varieti€s gemperviren&. var. horizontalis(Mill.) Gord.)

and C. sempervirenk. var.piramidalisNym.) [1]. Mediterranean cypress occupies at Taurus
mountains ad western part of Turkey up to 1800 m. (Figuyg112,3].1t grows up to 43 m
height,more than 2 ndiameter at breast height and 1030 y¢4}sWhile many advantages

and different utilizations of the specigis2,5], limited studies were carried out seedling
characteristics and nursery practices of the spégjés3,9].Height, rootcollar diameter and
sturdiness index on 2+0 container seedlings of Mediterranean cypress grown at Antalya Forest
Nursery were examined based on seedinogphology and cality of the species to contribute

seed technology, nursery and afforestation practices.
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Figure 1. Natural distributions of Mediterranean cypresses

2. MATERIAL AND METHOD

Seedling height§H) and rootcollar diameterRCD) were studied on 150 individuals chosen
randomly from eacB+0 containerseedlinggFigure 2) grown at Antalya Forest Nursery.

Figure 2. Sampled seedlings the study

Sampled seedlings were classified according to the quality classes of Turkish Standard Institute
(TS [1Q] (Table 1).
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Table 1. Seedlingguality classes of Turkish Standard Institute for the species

Quality classes Seedling height Root collar diameter

(SH, cm) (RCD, mm) SH+RCD
First class 400 20 400 FB +
Second class 40> FB C 2> KB¢ (40> FB 030
Cull 30> 2> 30>FB + 2

The seedlings were also classified for sturdiness in88X11] as: Surdiness index§l) =
[SH (mm) / RCD (mm)]. They wereirbt class(SI<50), sescond clasg50<SI<60Q andcull
(SI>60) [11].

Phenotypic correlatiofrp) between theeedling height and roabllar diametewasestimated
at SPSS packagé?] as[13]:

Cov,
f(xy) (1)

r =
" \/52f<x) \/52f<y)

Where COV,,,is the phenotypic covariance between characteristics x argf iy and

s%1(y are the phenotypic variances for characteristics x and y, respectively.

3. RESULTS AND DISCUSSION
3.1. Seedling Morphology

Averages of seedling height and raoilar diameter were 101.4 cm and 14.7 mm, respectively,
while seedings showed large differences for the characteri@ficgires 3 and 4)
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Figure 3. Height variations among the seedlings
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Figure 4. Rootcollar diameter variations among the seedlings

Seedling height was between 79 cm and 126 cm, anetotlat diameter ranged from 9 mm
to 21 mm. Similar variations were also reported for the characteristibsdiferranean cypress
[7,9]. The variations indicated importance of individual selection eedsharvesting for
seedling production in nursery practices.

Results of correlation analysis indicated positive and signifigar® Q ). rélafion between
seedling height and roabllar diameter in the speciéBSigure 5).Similar relations were also
reported in cypres$,7,9].
130 -
120 -

110 -

I
& 100 -

90 -

y = 3.4389x + 50.789
R|] = 0.8283
70 T T T 1
5 10 15 20 25

RCD

80 - g

Figure 5. Relations between the characteristics for the seedlings

3.2. Seedling Quality

All seedlings were in high quali-tolfardiameter b ot h
(RCD? 2 mm) according to quality classes of TSI. 94.7% of the seedlings were in cull (SI>60)
and 5.3% in second clags0<SI<60)according to sturdiness indeSimilar results were also
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found in cypress [6,7,9], indicated importance of morphological charactéigs and
classification type in seedling quality.

4. CONCLUSIONS

Quality classes and criterions should be combined by field performance at different areas in
the species. New studies should be carried out in diffetearfcteristics anfibrestnurseries

in the species
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ACORN CHARACTERISTICS IN KERMES OAK ( QUERCUS COCCIFERAL.)

Prof . Dr . Nebi |
Isparta University of Applied Sciences,
nebibilir@isparta.edut0000:0001:99114304
ABSTRACT

Kermes oak Quercus cocciferd..) has large natural distribution as shrub or small tree at
especially in maquis in Turkish forestry. However, the species hawooa forest production
such as its acorn as food for animals or con

Length and diameter of 210 aosrsampled from 7 individual plants of the species were
examined in this study. Averages of acorn diameter and lengthl®efenm and 27.4 mm,
respectively. They ranged from 11.9 mm and13m for acorn diameter, and varied between
25.1 mmand30.6 mmfor acorn diameter. The variation was also found among acorns within
individual plant.Significant 0.05>p) differences among families féength and diameter of
acorns were foundccording to results of analysis of variandéere waspositive and
significant (0.05>p) relation betweerlength and diameter based on results of correlation
analysis

Keywords: Morphology, nursery, seedvariation

1. INTRODUCTION

Oak Quercussp.) is the largest taxa in Turkish forestry by 6.8 million ha natural distribution
of 18 speciefl,2,3](Figure 1). Oaks have wood and aenod forest products such as animal
food and differenindustrieq1,2,4,5,6]
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-Q.rnacr‘anfher‘a subsp. syspirensis e, cerris var. austriaca
. frainetto Q. cerris var. cerris
vulfcc.n-ca - = — ghabfur-ensus subsp. macrolepis
etrae subs etraeca @Q. brantii
- pefrae subsg g Nnnatiloba Q. libani
-Q petrae subsp. iberica Q. aucheri

Figure 1.Natural distributon® f Oaks in Tg¢r kiye
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Kermes oak Quercus cocciferd..) is one of the main taxa of Oaks in Turkey. It has large
natural distribution as shrub or small tree at especially in maquis in Turkish forestry (Figure 2)

[7].
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Figure 2. Naturaldistribution of Kermes oak and an individual of the species

In this paperjength anddiameter of acornsampled from pen pollinated families were
studied to contribute seed science and technology, and other forestry practices of the species.

2. MATERIAL AND METHOD

Thirty seeds were sampled fraach 7open pollinated familiesr also called individual plant
ranged fom 1020 m to 1080 m altitud# the species texaminelengthof acorn(AL) and
diameter of acorfAD) of the species (Figudg

LT

Figure 3. A sampled plants and acorns

Collected data was performed at SPSS package [8]. Semdcteristics was analyzed by
following linear model of analysis of variance to compare the family at SPSS [8].
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Y= mt P+
(1)

h th

WhereYij;j is the observatiorfrom thejt acornof thei™ ' plant ¢ is overallmean,Pj is the

rancbm effect of theith plant andejj is randomerror.
Phenotypic correlationg,) betweerthe characteristicwere estimateds[9]:

Coy,
r = f(x.y) (2)

P \/Szf(x) ﬂszf(y)

Where COV, ,, is the phenotypic covariance between characteristics X araf’ yx and

s?1(y are the phenotypic variances for characteristics x and y, respectively.

3. RESULTS AND DISCUSSION

Averages of acorn diameter and length wit&/ mm and 27.4 mm, respectively. They ranged
from 11.9 mm and 13.8 mm for acorn diameter, and varied between 25.1 mm and 30.6 mm for
acornlength(Table 1).The variation was also found among acorns within individual plaort
instance, length of acorn varied between 10.1 mm and 13.4 mm, and acorn diameter ranged
from 23.8 mm to 31.4 mm in second pl&hable 1 Figure 4. Averages of acorn length and
diameter were reported 30.1 mm and 16.2 mm in an early study on thesdpgether with

large variations among populations and within populdtl®j. Because of limited studies on

the species, results of the study could not be discussed well.

Table 1 Averageg), minimum, maximum and standard deviation for the charatitexiand plants

AD (mm) AL (mm)

Plants ) Min.-Max. St. deviation ) Min.-Max.  St.deviation

1 12.5 11.413.6 .68 30.6 23.934.3 2.48

2 121 10.1-13.4 .80 27.2 21.232.1 2.46

3 12.3 10.7-13.7 .76 277 23.831.4 1.66

4 14.1 12.1:15.5 .76 25.1 20.530.7 2.63

5 11.9 10.513.6 .63 26.3 22.629.1 160

6 12.6 11.1-14.0 .86 255 21.530.3 2.4

7 13.8 12.614.9 71 294 27.332.0 1.8
Total 12.7 10.1-15.5 1.07 27.4 20.534.3 2.8
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Figure 4. Length and diameter variation among acorns within a plant

Significant 0.05>p) differences among families for length and diameter of acorns were found
according to results of analysis of variafitable 2)

Table 2.Results of analysis of variance for the characteristics

Characteristics Source of df Mean Square F P value
variation
AD Between Groups 6 21.032 37.800 .000
Within Groups 203 .556
Total 209
AL Between Groups 6 122.364 24.940 .000
Within Groups 203 4.906
Total 209

There was positive and significait@5>p) relation between length and diametéacorns in
all and pooled plantsased on results of correlation analysis

4. CONCLUSIONS

Acorn was sampled from a local area of the specie$raitdd number oplantsof the species.
Future studies should be carried out by large number of family l@cations Acorn
characteristicshould be tested imursery andield stages
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¥ZET

K¢resel ésénma d¢nya genelinde tarémsal iret
tehli keye sokmakltaldlear, Addaeanssé&c yaj éxk reji
t ¢ckenmesi gi bi k¢resel €sénma sorunlaré °nem
ve giderek yaygénlakarak tarém sekt®°r¢nde ¢
zamanda,f uasrtvmen azal an doj al kaynakl ar , géda
zor | akt ér midokdeumdudgare . Ar PaaCceae familyaséna ait
i klim °zelliklerine dayanéekl e bir thkrjeenl bi t k
kaynajé ol masénén yané seér a, end¢stride de
kur ak al anl arda tar éeme ger-eklexktirilen ar |
Koruyucu bir alternatif biryy°baremamélaamkpls
aktiflexktirilmik suyun (PAW) kurak kokull ar
b¢e¢ye¢me ve stres toleranséné arttéracajé °ng
uygul anan PAWG én, kKuriakllékn satrrpeas i bialktid reda
incelenmi ktir. ¥ncel i kl e, spberllt edaternéemom
ortamda 10 g¢n boyunca vy e tsafisu %20 polietienglikol r . S¢
(PEG), PAW ve PAW+PEGIilausl ama yapeél acak kKekilde 4 gruba
s¢re ile her é - géende bir ol ar ak Kekil de vy
fotojrafl anmék ve sonrasénda cetvel yar démeé
S¢rgeéen ywkajver [ kekrl ar é ni sbi s u I -eriji, k
fotosenteti k pigment i -eri kl eri belirl enmick
stresi alténda yetiktirilen arpa bitkilerir
toleranséné artterdéjé belirlenmicktir.

Anahtar Kelimeler: Ar p a, kurakl ék, plazma ile aktifl ek
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PHYSIOLOGICAL EFFECTS OF PLASMA ACTIVATED WATER APPLICATION
ON DROUGHT STRESS TOLERANCE IN BARLEY ( Hordeum vulgarel.)
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Assoc. Prof . Dr . He¢
D¢zce Univer si
hulyatorun@duzce.eduw-thttps://orcid.org/000@00211185130

ABSTRACT

Global warming is causing @ecline in agricultural production worldwide and jeopardizing
food security. Global warming problems such as rising temperatures, erratic precipitation
regimes and depletion of water resources lead to drought, one of the major abiotic stresses,
which is beoming increasingly widespread and causing serious yield losses in the agricultural
sector. At the same time, increasing population and diminishing natural resources make it
difficult to sustain food production. BarleyH¢rdeum vulgard_.) is an annual, heaceous,
cold-tolerant cereal plant belonging to the Poaceae family. In addition to being an important
feed source in both food and livestock breeding, it is also used in various fields in industry.
Barley, which is cultivated in arid and searid areass frequently faced with drought. Plasma
activated water (PAW), which has been used as a protective alternative method in recent years,
is expected to increase growth and stress tolerance by increasing water use efficiency of plants
under drought conditits. In this study, the effects of PAW applied as irrigation water on barley
plants grown under drought stress were investigated. Firstly, sterilized seeds were grown for
10 days in equal proportions of pgurlite mixture. At the end of the period, thamis were

divided into 4 groups adI-H20, 20% polyethylene glycol (PEG), PAW and PAW+PEG
irrigation. The application was made every three days for 2 weeks. After the application, the
plants were first photographed and then the shoot lengths were meaghréte help of a

ruler. Then shoot wet and dry weights, relative water content, chlorophyll fluorescence,
electrolyte leakage and photosynthetic pigment contents were determined. In this study, it was
determined that PAW application increased drougleraémice by causing changes in the
physiology of barley plants grown under drought stress.

Keywords: Barley, droughtplasma activated watestress physiology
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1. GKRKEk

Keresel i1 klinberaeenfigeleniikkmsedjailng al anmal aarthakia °t ¢r ¢
olank ur gk lbék kil erin morfolojik ve fizyolojik i
afettir (Pokhrel ve ark.2021).St r e s, organi zmal arén fizyol oji
olumsuz y°ntHeeritksil z2yeavmeeds;eAbi kokuk| satemesb{
araséenda yebiakanbkvwpmkl|l @k, gel i kKkmesi ni séner
(B¢e¢yek ve Satrrkes, fRaBkAtR)rilferoiksi jen te¢grl erinin
a-arak ©°neml:. °] -¢de metaboli k 1 kKlev bozukl
i -indeki aksakl ekl arén Dbir sonucu ol arak DN
ark.,2013)¢ eki tl i stkas kKfakb? Klegrai Klhseayesinmkritikk i | er ,

seviyelered ¢ Kk mesi yl e g°z ar dé e(Ranlakisheaze Ravishankany k ay
201]). Bitki, d o] al Karkdrakre |alkttéefdda bir ya da birder
direncini artter mak,ve wmeatkaamoelniek dfeavaalm yeetttl ierr ma
yapésénda mor fobibyoki mya xlarionkydagng detreklkehevcut
duruma karké (epkirkerm@ksedir

Bitkisel cretimyl @ojod madark v eysa nd ddeagribeanénme s i n
y a n élnidfa, enerji ve Hakmmadkdd aGrikt iag@&iak & mée ma k ,
verimlilifji iyil ektirmek vV e cretim kayéepl a
s¢re-1lerini n mektedin(&range ve Scotte200[oogey ek yél da mahsu
.- kattam©fsa 2Ir anibaraberihdspee sdda sit ve minenréanl g¢b

yo] umdsa@mada aiy¥ol o i k t-teéjistul ivlei jtio pa zaa&kd ukjiur I i | i
ortaya komlmu k t(Godfray ve ark., 2010; Tilman ve ark., 2012050 vy él énda d
ngfusunun yaklakék 10 milyara ul akmaseé bekl e
indirerek ve mevcut kaynakl aré veri mli bir «
zorunl u KFRAO2HMK.t adeéer

Plazma, iyonizega z | ar d a n- exlalaridrdastk uvV € anél an maddenin df
(Dobrynin ve ar k. isera@dyd) .f r@kjanmk éplvezyma mi kr o

cretil en veblenmkismljame rwaydarkal | er i, yeéekl ¢ par
termal olmayan bir teknolojidirL@roussi, 2003Hertwig ve ark., 2015 Ssnd° ne ml er d e
tar elomsue- evr esel et kilerini azal tmak ve geda
ile aktif | extsuw i ( MAW) kul |l anémeénay akd akléam asn® zy eknoi nl
(Bradu ve ark., 2020). Pl azneaikabek, bzor l@dsojeo nu s o
peroksit, nitritler, nitratl ar, peroksinitr.i

pl azma aktivel imasku aaléar alk Za®Ra iwdke Magrijke r bir
pl azma ol an PAW, d¢ K¢ k veyaHe geyanNyibifgazlara tir b as ér
dekarj wuygul ayar ak 202B.Biiyl onkeiknmyeadsi arl (eGukoi rnvlei Jairt

nedeniylebi r - ok bi yoteknol oj i uygul amagti olanake
dejerl endi reivicmeak tkeadk ul.l aM d a, tohum -imlendir
gé¢bre ol arak kull anémé dahil ol mak ¢zere - ¢
(Gapper ve Dolan,2006ja ve ar k., 2015Ayd@ad®emveingt enme?3
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k°k seyege¢en geli Kimini, fotosentez aktivitesi
iyilektirdijini g°steren -Gklaérkpnaa Ivaer amekv. c, u t2t0LE
ve ark., 2021Vichiansan ve ark., 2023; Priatama ve ark.,202Bununla bilikte, reaktif

terl erin bitkideki -ekKi tli sinyal mekani zn
iyilektirmesi, bitkinin gelikimine katke sa
PAW6én °neml i SaihnoktvdaktA0¥PdeerRdiz & e ark., 2019;

ve ark., 2021).

Arpa Hordeum vulgard..; Fam:Poaceagt e k vy é birlbikildir (dStesumen ve ar k. ,

El verikli gen merske zi- aAd ywa dalnamg ¢anrgpng, ze kadar
bitkisidir. Hayvan y e mi ol ar ak kull anéménén yaneée s é
beslenmesindeled ej er Il endi ri |l en arpa, tarém ve géda
(Kaya-etin, 200 paKawghkPprelw,t pd ®h%)s.anglukani | ebi |
i -erijJineSipati ptvier ar k. , 2010) . D¢nya genel

bakéméndan AV kepa&r Biérrlaidif@ugeglai,r Aemstral ya, K
séragkip et mekteedy®el | €kgr br yabdma 3,2 mi |l yo
yeti Kkt ot ahmeakogpdmédnn ¢retim mi kt adugUSPDA ROP3R k é k 8

T, KK, 20239énébklamkogemickme k ol masée il e d¢gnya ge
anl amda ol du(kTraak -°n evrd | Bla yB uajntb&X ¢ lpa s 120D j. énd a
erkenciomas éaz yaj ék alan ve d¢zensiz i klim kokt

omaséayné zamanda tuzl u vieeijbéekafreti mpaakhaneae
veat t ér él masé gerekenkbim deftkkidkli j(KI kerkg¢RE€E
yellar g e -tani ekkilermen topwaklaakr ltéenka k t a ché&ku v a k lagrkp ast r e ¢
kaybetti]i verim miktar é %800 ittasdg verak.k208Byr ( EI |
Elouattassi ve ark., 2024).

Arpa bitkisi ile dektan wuygul anan maddel er
l'iterate¢grde - Kluegrarkd lekr sme wa wtothdark.é ed akier amp & a
veri mi ¢ mewnirbtityér dej e rapor edi | mMekatoninin sy Fer i o
eksi klijinden kaynakl anan arpanén, fotosent e
reaksiyonl ar éne, Cal vin d°ngngssstemirevemmbnana kt i v i
stabilite indeksini d¢zenl eyerek foTaedgent et
2023) Li t er at ¢ rdéeek tPAPMWOWBWNWGUl anmasé il e i1 gildi - @
sayeda GGue e drkd2024) PAW wuygul amaséneéen, bi ber t o
potansiyeli ©°nemli ©°1| - ¢die arytitléerkdéjrédnCHeionrit avye
ve ark. (2028 n én y a p mbik - ad |ékisgaidaar k | & dekar | s¢r el
uy g ul a nbarsoéknod ni filizl er i, peroksidag kapalaz @ kglutatyon d i s mi
peroksidazen zi ml er i ni n adatei vh eleisriAmamana mtl tie@ rryda&l né z c
uygul amaséna ait olan bir yayénda kontrol gr
ve enzimati k akt i v bdeedneveak2e@8®«k kaydedi |l mi ktir
Kur akl ék°zse¢lrleiskine nt arn@mdi arsaziulne ryiarrdaet mas é , a |

yaygén yet inktni rynpae jl @&l erkladarkr&@ maladan ¢r ¢nl erin ki
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PAW teknol oj i si wyi°mtod mdauské- lavo ay edntiPrabeldsd atldieaine

y°neli k az sayéda -alékma bulunmaséndan dol
bitkilerinde PAW uygulamasénén bitkinin fiz
belirl emek ama-1|lanmécxktéer .

2. DENEYSEL C¢ALI kMALAR

21BitkiMat eryali ve Yetiktirme Kokull ar e
Bitkiler kontroll ¢ biAC%6067& neh)deek i yme sitideated r i | mi
tohuml ar é, %561 i k sodyum hipoklorit -°zelti
ardendan saf sDhezenfkei danul ahméknéb: hrdeadamnd
torfper | i f i -eren ortama ekil mi k 10regsidkrieyd &€nd.
yeti kKt iSrgirlemiskanunda bitkiler uKogtroll (safrsa ileg r u p | &
sulama) PEG (%2 polietilen glikol ile sulama);PAW (doj rudan PAW il ¢

PAW+PEG (PAW ve %20 PEGilesulama) ¢ al ék mada ,RUASHEMAEOR NT & rA&Vr
Ltd.ondteenmi n edybmi eatmar 14 gomeKs¢i serel sesowpapéahs
fotojrafl anmécx, Sé¢rgeéen ukruhdmukdmr ggrcegrnveybe
tartélarak bitkiler 70 ACo6de 72 saat kurutul

2.2.NishiSu K- er i ji
Ni sbi su i -erifji i -1 n yapek kIrtegeay yeg u lékrmar gr um
ardendan saf su i-erisinde bekletilerek turg
70 ACo6de 72 s aekietilebekhkunar céar | edtkg vadee bel i rl enmi kKt
y°nt emde belei ryteirlienre fkoornmg lad a k SmatyeaBnghamma | ar

1974)

2.3 Kl orof il FIl oresansé
Fotosistem VLklBwsaemtum veri menl ibu nfiorométreelm r | e
kull abel araldnmakyiapr akl aré karanl éja al éxkt él
dejerl eri kaydedi |l mi ktir.

24El ektrolit Sézénte
El ektrolmitkkt aéeepanéebelirl enmesi i -in arpa ya
bekl etil mik vV e i | &] eerllekrtir i KXbell mdwett kre.nl B & n r
otoklavlanarak ikincelektriksel iletkenlikd e ] e% Il e ¢ li rRldexedilgrrveriley © nt e md e
belirtilen form¢gl de yeri ne&hikeak00@r ak hesapl a

25.Fot osenteti k Pigment K-erijinin Belirle
Fotosentetik pigmentlerdendcofilavebd e ] er | er i ni bel %80bsetaie Kk i - i n
homojenize edil mik ve &68éndamnm ez 415Ma mtny, rd.a
spektrof ot omegk trEggle edilereveritety © pt emde bel irtil en f

konul ar ak hes apArmomE4Qalaspasl®Gbe | mékt ér (
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26Kstatistiksel Analizler
Her bir deneme n=3 t ek rDemeinderdenieldeedileerilercTek | de vy
Y°nl ¢ Varyand&apn AINIOXYA) (Ohe dejerlendiril mik
farklar Duncan Tegui amale a bpethob sesiyeandenrkliia ml.é | Usyk
i fade edi |l mi ktir.
3. SONUC¢LAR VE DEJERLENDKRME
Son
°neml i
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¢ al é kdmeajdear | ebnidyi¢grmel epnar amet r el er i Sé¢rgeéen boy
Kekl i.sgediegn boy uzunluju i-in, kontrol grubu
istatistiksel anlamd§p<0,05)° n e m|l imeydaaar gelneEkenPEGuU y g u | a nsagsr égns,dna

uzunl ujbu ovameaekaP A&z auly guidekmasa& | ek stresi al
bitkilerin sg¢rgeéomr amauwmla@lr e k.itPBadNV2 )kur akl é k s
alténdaki bitkilerde s¢rgeéen uzunlujunu artér

Arpa bitkisideP AW uy g wslegamgagané y akko natjréorl| égjr@obé&i nS, keyragd
kuru ajérl éjéené ise (%2xXk,FAR2G20irlaen éqnajal aaran ék un
Ssé¢rgéen yak ajérlejenda %54 oraneéndeelomakal may a
anl gm0,08)f ar k ol ukDiujrenra mieant @@kt @k, stresi altend
ssrgeéenveyakurou BAWr luglglud raéma s é il e i statistil
g°ster meimiertatregr de - al € k ma mékztl aabl ébkeen zveer Tsaonnguo- |
(2019)asmailey a p mé k o | d u kulyagrué a-naal né kPnicaGdradt,loitki boyuee b aj | &
Sé¢rgeéen yak aj aralpojréemreédmBan zedid p@akd bdé&) é dozl
uy gul a rfta0s ®10,6%20 ve %30s ¢ r g¢n wegwundg érl eéj énda ©°n
azalmayanedea | duj u aimu & Y¥Kéafakyova ark 2017) Ay r ,@ampabitkishde

PEG uyguwlkamasan érl ékta dejikim g°st é@remedi J i n
ve Tangolar, 2019Ge - e202), Di | er tPaArMa futyagnuslgagnyareskle v e Kur u
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Uygul anan Plazma ile Aktiflexktirilmik Sum Uygul a
Etkisi
Kur akl é k sarpabikisinPaAW éunydgaukliB hm& s ée&n i - sel su

ol an etkisini s a misbasmua ki {a8riEiE)eiy la-( d¢larp Pk :3r)
uygul amabée saioll arted@réikjBiar durumun aksine PEG wu
bitkisinin khosti olsub i t%3bdizgailintnneé ketkd/raall |teetnrdeaskii
bitkilerde iseP AW uy g ulé RNGA diey | | e(Wadda mie® k a n meikttedrrat ¢r d e
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-al eékmaméza benzer Shivakrishhaave arky(e2r0O 1 8 hrachie ha d ér

hypogaeai | e yapmék ol dukl arée -al ék@amdian uygall adaijé
ortaya koWime | -aald@kw maméz é dyoscadavkel e-riy lxgekklia d e

-al exmal auy@u ldameP£Eédc RWC miZhkahgare azkn 201&Bhrazilve mé Kk t €
ark., 2019;Yosefi ve ark., 2020 PEGstresial t e nda PAW RWCg usl zaemmai snédneékn
etkilerine dair |l i t er amanakdae HWiof Iriuldtaen  -ba lr & k na:
uygul amasénén stres alténda bitkinin su dur
belirl enmicktir.

Fotosi st emotldlkinmyasal et ki nl arpaibikisinin klo®fll i r | e n
floresans (Fv/ Fm) (&kejkeFVv/eF odejleril adkiendialr é
kontrol grubu ile keéyaSheanddd))d e a kreysdnak i st i
gel memi fteirr PAWabygkluam&kdeEe k stresi altéendaki
oranénda arteKal eedamén| mubeanzer «kKekil de, P
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g%zl enmMEBkapwpgul amasé kontrol bitkibhéetmepetkey
Stres kokull arénda PAW uygul lkorasmaKlordilibt. ki | er
mi k t ar koatrolébitkiesnee kéyasl a s EGuwgiydmal RAVE vid e ¢
ve%201 ar tAnerkéca,, PAW uygul amasé da stres alteé
arteka nPHG6nuypybgalrakmék bitkilerkbkZyarst aé ke
Literategr i ncetl keindli ij ji inddee PKAIWbor of i | azmi kaywadar
-al ekxma RMAWcutygut amasénén t &molramdukaurotmasyriad € J ng
arpa veanbhsaebaphbr | e(@eaeimdni ve ark.,r2024iong ve ark.,

2024.Suisveark( 2015) orkide mel ezi Il e yapméxk ol dul
toplam klorofil etkinli]ini avgisvinfeta@ipabadie or t a
ve ark., 2023) v&/igna radiatai | e yapeél an bir - al®¥ kKadila da
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kekiKlur ak|l ek Stresi nAqoa(McardemnwulgBreLr.)aBkéIkars| ne Déxkt al
Uygul anan Plazma il e Akt iKfllogwtfiidi lamivie $u MUykd wlrd

4 . GENEL DEJERLENDKRME VE SONUC¢LAR

Arpa (Hordeum vulgarel..) , y¢ksek adaptasyon kapasitesi
b°l gelkeatdleejsas gi bi -evresel stresdéerue akd ¥&né
stresi, arpanén osmotik dengesini bozar ak me
bu stresin kontroll ¢ ol arak modeBuhdamyolasi nde

-ékpagiakerek artan kurakl ek stresi plagmaklear Kk én
aktifl ekt i ruiylgmilka kcaus a(kRRAVW K ul | arda bitkil erin
arterarak b¢gyeéeme ve stres taogkhkerakhskokuldleast @&
arpa bitkisindeneydana getti jfii zy ol o] ieleetkisi®iayakomlanaknalternatif bir

- al eskunémama k a mak d raankmé&hk €gt r essiir gaglnt ésreguagléian] pyadaka
ajérl eje ve nisbi su i -edreikjtirrod e tlk asyedzeadn tinmaiyad ta
Bunun yané sér a, bit ki kur akl é Kkvaaoblanastresl a kI o
kokull aréenda fotosisteéemwml|lleramBkBifjsd matw@amaf kam
bitkisinde PAWrgyogulyama sve@n iksubriu saukleofil @ ie] i ni
mi kt dreémé& gi n Keksi¢glrdge, na rbtotyeurmeur kfeinl, a mi kt ar é
Kurakl ek stresi alrtpéan da tKAW iwmydgeu lsggmaseén uz unl
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°neml arték meydana getirirken elektrolit ¢
g°sterAy rk&lorafil. b mi kt ar écniddadi dabi r arktiekedesaaj¢élran
-al exkmhmazka -al ékmalar mevcut ol sa da PAW uy
D¢nya genelinde °nemli bir tarém ¢réngég ol an
kayéeplaréyla karBa kaldexym, kayaopkaandpée. enge
g¢evenl isjajnl amaky ialmaktéiyrl iac i bir PbAANK éwky gau-l Gagmia s
bi yoki myasal et ki n-leivjrienoildnalegieeumut cadedednli ma s- & zvganm
yoluol arak dej erRAWduydgdldamalnadreénn arttér él maseé
-alekxelarak sonu-1laré dejerlendirilmelidir.
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ABSTRACT

The increasing demand for biomedical I mpl ant
bi omaterials that offer superior mechanical
These i mplany susaece icomomotnhhopedi cs, denti stry
Whil el met Bl olmaktee rsitadisn| e(sTsa ngt a d,hsa ganl & ¢old/gsin u m

and itksi ghleysaapgy ecahbrbobnyi€&®Omal | oys provi de hi ¢
and durability, chall enges remain with corr
exploeeasgrealhni guetaod momdd fcoati @ mathamical st
desirabl e penfpermarcse boafdmaeteal lail s, such as p
t her mal met hods. Surface treatments | i ke sa
surface modification have shown promise in

ossienot egratclhani @aald snter ength. The study wunde
engineering in the development of durabl e,

i mproved clinical outcomes and reduced i mpl a
Keywamdsal | i ¢ bfi mon@atmodiafli,c satuiron, coatings

1. Introduction

The demand for biomedical i mpl ants in the b
maj or uses of biomedical i mpl ants are to rep
and hel p i n proper mov ement of organs. Bi ¢
repl acement s I i ke hip repl acements tha card

stents. Many biomaterials that can be used t
matter of extensive research over the past
pol ymers are among the most premissead dxtoeaed
for organ regeneration. Nonet hel ess, an i mj
applications is the inflammation that occur
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alternative metallic biomeditcheéifrmputastanadr e
properties (such as high strength, toughnes:
me tthbadlsed bi omaterials have been successfully
bi omedi cal [ 2] . uMeetda lilni cv airmpoluasn tasp palriec at i ons
applications are hip replacement, dentistry,
[ 3] . Metallic implants are extensively util:|
ceramichl emandripol ymer s, metallic biomateri :
and superior mechantihciarld sp roofp ebrito neesd. iCovaelr it myol
metallic biomaterials [4]. Among metalllic bi
stainlesssteel, magnesium (Mg) anddEg!tdstdal | oy
cobatntomi um-@d ) oy¥ar(iCous metallic biomateri al
in Table 1. When appropri atiedlys pofofceers skeidgh t
fracture resistaeacm, | meplaa@anthgpémnf droomgnce i n
[ 5] . Along with the desirable mechanical prop
resistance, excel | evretar birecso-tap ainicleisluimifomc e h iag
osseointegration. Osseointegration i s t he
organism with the implant. Al thougmemaltsa lalnidc
requirement s ,ndihneg ibnettewefeanc itanle bsour r oundi ng t
surface of implant is often poor. This poor
tissue |l eads to the misfunctioning or failur
sdrmace of i mplant because of this poor bondi
undesirabl e movetmemndgueti nther fiamcpd [abn]jt. A maj or
bi omateri al 'S existence vari ouasndkibn dooaf. claot
corrosive substances include water, pl as ma,
oxygen [7]. A |l ow corrosion resistance bi oms
the presence of theseycobermndsingetvouboxancceeac
Surface and biocompatibility behaviour i s alf
tissue reactions that releasebyproducts(pr o
i mpl ant and pidéemamadree yamdusarly failure of i
related with the metallic biomaterials due t
p 0

| g

e 0

e t

t
t
h
k
[
m
v

o

or sseointegration. These issues arce.prim

[ ht of this, the surface characteristic
vironment, as reactions occurs directly on
senti al to modi fy aen dbieonihmapnl caendt twhiet hs usrpfeacci
ese specific surface properties are di ff e
chniques t o modi fy and enhance t he stroe
mocompati bility, bcioorcroonspi aotni brid ditsyt aonfc es uarnfda
own as surface modification techniques. By

i's possible to enhance and optimize bioco
thods mébdsur¢atctieons of biomedi cal I mpl ant s
rious bioactive materials to prevent negat
r c
r s

Q @ —F S5 ® O 5w S S

gi al i nfections, reduced | ong terem dur a
rosi on [ 12] . Thi s review discusses t he p

o un
o C
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modi ficationused to i mprove and modify the f
physical, chemical, and biologidatamodmpl anat

TablAkpplications and properties of widely u

Met all ApplicatiAdvantage Di sadvant aRef er
bi omat
316L S Cardiova:t:Good mech High I evel [ 13]
stents, ttpropertiechromium a
knee joitltresistanccan cause
orthopaecmachinabi infl ammat.
I mpl ant
Titani Prosthese¢Hi gh mech Rel ease of][ 14]
and it orthopaecstrength, can cause
i mpl ants,corrosionbiological
joint rejgood sur face
car di ¢tbi ocompat

—

treat me

o
<
Y - MW Y W D® TS YD DO LW DO N N O

Magnes Vascul a Bi odegrad Fast degral [ 15]
and orthopaectoxic, goductility
magnes i mpl ants,bi ocompat
all oys biodegracmechani ca
i mpl ant
Cobalt DentistryGood corr Cobalt is [16]
its al cardiovasresistanccause inf/l
stents (mechanigtal
I mpl ants antimicro
propertie
excell ent
Zinc aCardiova«Good Mechanical [ 17]
all oys stents, ««(biocompat desirabl e
devices moder at e

corrosi on
mechani ca
propertie

2. Need of Surface Modification Techniques

A biomedical implant in human body should be
of i mplant is poor then a | ayer-tsosfuef iibmrtoeursf a
This | ayer of tissues is called scar tissues
occur because of poor osseointegration bet we
for a successful i mptl egtat isoacheteweanyg kixaciemp
[ 18]. To enhance biocompatibility and osteoc
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materials have been suggested to obtain the

of I mplantar Waee othetlse I mplant i s modified e
functionality of the i mplant remain unaffect
i mpl ant increases [19]. Wear 1is anothem caus:
affecting orthopedic biomateri al i s oxidatio
oxide |l ayer on the surface of theAi nplyamt ofif ¢
oxide forms on the metal ' sf siuornfsa chee t wwehel nc ht hhei
metal and the surrounding enpfyRHpwmeetr, twbare
damage this protective | ayer. When the | aye
reduced, |l eaving the exposed met al vul nerab
however, the repassivaticoanntr actoer riossitomq dleaw
fai[@&f0rrosion is another MAppPTroxiematosl yo f 4 2
orthopedic implant failures are caused by coc
requiring r dWRiBhiemhe soxigeei eayer i s damaged (
underlying met al becomes exposed to a highl
corrosive el ements | i ke wWa2tCeprr,r osso doinu na,n dc hMeaoarr
i mpl antms trvecsupnti mary negative effects: weake
and releasing metallic debri s, which frequ
reactions, and the formati ¢rfht Orahomgomas (
to corrosion byproducts is another common r e
and knee rFepl a@cemsentrse.asons, it is essential
to both corrosilbe mode weabiusesmedgi calurfmpkambd
metallic implants with suitable coating mat
corrosion resistance, antimicrobial propert:.

3. Surface Modification Techniques

Il n recent year s, researcheirst de@vat iao melly t mo d
surface in conSwurcftaom trho dihfei chaotdiyon seeks to
metal ' s surface without altercianng biet susbeud kt oprc
the host response, |l i ke osseoint eganadt i wengr a|
resi sftheemcee.are many surface modification meth
principle, surface breodceclfacsaitfiioemd mad hplygsicaa
met hods and ther mal met hods. Surface modi fic
cat egsourifeasce treat ment techni gSueelse catnido ns uorff aac «
modi fi cat i opne ntdesc hunpiognu et hdee mat er i al of bi omed
examepheeyr tnigs ssuwoef tcompati bility is essential f
from infiltrating the gap between the dent
me mbr ane. I n the case of cardiac stent mat e
proliferation 2.8Far reasrteinmwdscul ar devices,
thermogenicity is required.

3.1 Surface Treatment Techniques

3.1. 1BlSasntdi ng or Grit Blasting

91| Page
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nd Blasting uses the abrasive particles to
mi croscale topographyThehapr ipmarmo tebs]j eocstsiewd
to enhance theéngunfoaecd frectgivredsseloead egr
ve investigated surface modified biomater:i
pe i mplants maidnep loadntts twaenrieu mmo dlihfeiseed by s a
i d €flthehirrrgult showed succemcrhtulh pesieodntag
100% successacombenfBdn ddriintgob It esthinn guteesc
id etchipeg met hdh@d@ osteogenesi s predesesdurl
9]. Abe et al. i n their awlpirst oal sosgei sceatl dd i tf If e
anpl ant modinbyegrsi ts hbdwaisntg ntghat process of g
e use of wuncoated bOs)o ipropabdagnrtTsi t[a3n0 Ju.mA | dui mi onxe
wderis used as abrasive particles in sand
rasive particles, pressure, speed of rotat
cide the eff etcitnigv epnreoscse sosf. sTahned bbllaasst i ng pr
rticles of abrasive and substrate on the
e healing process of the bone. Certain re
e fodrnmsydroxyaptati tel aindm bphasphat e, can
ughness of the i mplant surface depends upo
2] . For titanium sand bl-a5t ©Omgeg®snarhd fil suani rn
rface of average roughness near 1.1 to 1.
thod is that the resulting rough surface ¢

(N == ey

D.EDOEABSIODT OBGBIT 1

Physical vapori sdeapnoostihteirone fHWIt i ve techni gt

fu
pr
pr
t e
pr
de
bi
an
t e
du
t h
Th
co
co
re
bi
ev

nctionalit
otective t
otects the implant from corrosive enviror
chnique that involves vaporizing material:
ocess, coativnegr tneadt efrrioam sc oanrdee ncsoend st at e i nt
posited onto the surface of i mpl ant i n a
o]
d
c
e

y of biomedical i mpl ants by modi
hin | ayef bsomp@gl caeld ompltaet suT

medi cal i's to enhance propertieslike bioc
shafdoess of the material. Sputtering
hni gques most commonly employed technique
to its ability to produce high queaslsi,ty c
e materi al to be deposited is ejected by t
ese high energy ionsremovel ocal substrate
ati Zy kp8 4] .ett hady.drmxtyeagpati ten ( HAY amciomami a
mbined wi-spumagmedr ahumi na bond coat s, de
sistance and I mgr3dwerd almido ckohnpicaftiu bd ¢ @ ¢ o paen
ocompatible titanif ufmnittirtlalchayusmTuwaN) ngoaéa i
aporation vph8@pmedemdsi tsitawrdi ed the corros
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bi ocompatibility of MgCa alloy. For the i mpr
bi ocompatibility thé&y napphlei eadl lao ysaatfiarcge dfy

evaporation depkismteonamethaddef8d] t he morph
(HA) Ccod4E#dAg®Bidnad & hieving enhancefdrewguémadyl
magnetron spyftct erci nvgd |3@BVddmecarny empl oy vari ou
materials as well as certain organic mater
technique is thleetewtehes | caatdieghsesi oace. Shevt
conducted &ahstpdyoas i mplants DbAnNn apmitwidyg a

demonstratedwitthhats iil mpelra nctosaf f sg @ad mpfrt ditaencstuirof na
agai nst bacteri al growth and showed increas
[3 9]

3.1.3 Friction Stir Process

Friction stir process (FSP9t atoanepr amaxesi ng et

i mprove and modify the mechanical properties
properties occur riecraaster uacft uc b a g e cttinmo n s WSrt
Processing (FSP) involsveecst iaomn oaond wa tphr cab ec i atc
may have a threaded shape orafoftehcetre dc ozmopn ee.x T
where theneaotodet @aothe cylindrical section is
penetrates the workpiece due to the applied

rubs against the top surface of theotwomkpi €
generating heat piadhmamal erbecaouvbsgeiyemars att iean b
the fdeceioped bet weent hleh ewareknpsiee celaandttihe d
occurring during the tool's stirring process
primarily due to the dy mdldniec irnepcorrytsatna!l |piazraatme

are tool rot atiiannge tsepre,e dt,ootloopi npipnr odf i | e, gr o
speed, |l oad and RSP It eschhonud ldoegy dh aasmebteeern wi de |
t he mechanical pndakisyses obppetaal umy.s, al u
Sat Ksimar , T. , andcdndust efTdhaak sauhhdmc e modi f

AZ31magesium all oy by frficitctoinostawnispupredscdaD
creat3eZrA . surface compositeszi rwhaemieudwv dfr ari lmigd
par topcAe@dWOl | MAMOAAIE @i sper seechsont acreZB of

Examinat mbeorobstinbether e esul ting magnesi um su
uni fdoirsmrobut comni unD# ar tbii ddds uni f dari cbasi n

along with the processing method, contri bul
research indicated t hat hardness and tensi
reinforcementr epad ttisc| alss st aselthogmtehde nt m@gt mec h a

[
correl ated wi t h t he mi crostrtcady e Wodrt hde
behaviourreveal ed that drmet lpe weaaehjraasse asre mec
del ami na,t i wang imgenairf i cainh wWeanfaakblspar ti cl e di s
incr ed@bdhr amaenzadeh studi ed the biocamgpati bi
mechani cal !pro@phegrnteise st ioafa |l i ey pr botewasedf bynfS
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Friction St rsiPgrnoicfieisgsa notgley FiSPP¢ tensil e prop
reduced its elongation. The base material di
while the FSP showed a mix of dwuctile and b
i ncrepxxddbpbryed t ometthadA dodaistei onal | vy, the allo
i mpr ovedmbnemat mi BEamuwat €daBodwnw Fluid (SBF)
wear properties observed in the SBF due to

surf.aclhs s concl usion was further supported
surfacesuafethBbdjak, [ ¥Balsald, fet cali on stir p
process for the surface modi fi cateicoon ooff tahleus
modi fication processes by erosion wear anal
68. 01 % by fric@Chamarmsdabi ,prPlatasssed] ALYH. ftacs hi, mg
the surface structure and surf&ce gpradeeratlil
[ 4Bdt-Alalmosseismiudeedat he commerciavkegt pgaeed |
i mpact -poafs smuHrtiict i on Stier cProoss ®inngpehRSPoror
pure ti tTani um (aCpphosphate buffer solution.

corrosi ¢d.6density

3.1.4 Electrical Di scharge Machining

El ecdrscabhrge machining (EDMYhoseuared diof fiea

by conventional machining methods. 't 1 s hi
al so provide a JhpeEDM psorckacse i i misel ul for
for medi canidt aanpdsantce t he mor phol gggwinlo.t heppoc
EDM process materi al i's removed by repetitio
and worTkhpei entaei.n components of a basic EDM se
t ool or elkmpiceaceodel mwloant sur face), control |

supply[ ¥t em

Input
Parameters

Filter

Fi gLEBM setup [ 47]

The electrodarand mmerkpidecen diel ec-vol tadge ui
sparks initiates the i1onization of this medi
resi stance bet ween the workpiece and el ect
di schacgesab high frequencies, calik20@®0 | AC.al

This intense heat melts both the workpiece
voltage is switched off, t he t e mpeprraotcuerses diesc
flushed into Thesdpelbeessi d sf lswiid.abl e only
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mat erAi anmhaj or advantage of E DdVio nptraoccte ssr oicse stsh

mechani cal def ormati on occur s raewrsi ngge ntereat p
wor kpi ece which can imPnovet dantugual Fegi sua
temperatures | ead to the formation of titani

|l ayer and enhance[s4VMadhrap dsuasdend rEeBM sgramecess 0|
Chromium dlrlea@ay.e dT h diye # 1l foayc & hpeefs fao oyha swe f ac e
and biological r esponsterse atTehds yboyfwaHiDnMib i tofzadic etdh
i nt erbaicacdoompasi we Imptrogvyed hemocWap@gt-Hsbadng,y |
et paéseant elcoendl vy approach for manufactur.i
integrating machining and surface treatment
machining (EDM) w alsa suetdi | dizeelde ciffnh ex pwnetpeon m 0 |
watheard edi el ect r it a omwe deiinwr@waosn me motna |t hiemppmtac e s s

i mprove operational heal th compared to tradi
EDM t echmingudyywas sessing the bioactivity anc
treated Ti i mpl ant s. For comparison, e€eommer c

arc oxidation (MAO) were used as a-fcoendobly ¢
EDM process not only mitigates Teinviimplnaretng au
desirabl e bioactive and cytocompatible prope
sustainable manufacturing practigéBaricmoqt, he
Muhammad Uerandt e dlot ent itaeld afppamaicihhbodpfracat
ofi mpbBantsur frneaccehi amn d ga tphrroocuegdhuproew ehet axlelde de lde ct r

di scharge macai riocmgsiPMEDM) Ti 6 Al 4V ELI, a coc
for medical I mpl ants,ndg hendersetawe hdiextpil me¢c te sa
silicon (Si) and silicon carbide (SiC). A fu
systematically analyze the outcomes of thes
propemtviesdghiegaitse of el ectrical di sammhdaregheh amacel

the surfaces of Ti6AI 4V al towtafmglsyAd rSd x y3alp6alt
aiming to enhance o0s3badei mtyagroatyiagrat outna if mp lné
thickndashse surfawereoflegsebepedt @umoimng BOM at ¢
i ncorporating calci umephespHldtse | axddd ictait erds s u

apatite coatings on al/l processed maafackeng
approxpmataendy 700 HV for the Ti all oy, and 1
steel , respectivel y. Notabl vy, bot h Ssubstrat

roughne&dD Pd]st

3.1.5 Ther mal Oxidati on

Ther mal oxidation involves the heating of th
to growing an oxide | ayer on the surface of
the oxide | ayer, the | ower atnhde elxiploeliinlgo d ch eo fu
metal, thereby enhancing corrosion resistanc
at relatively |l ow temperature range and req
processing cost of tshercmanlparexi ddtoi ot hgnr
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thermal surfacetreatment methods. The range of
desired oxide characteristics [54].The proce
first oxygen abissoropxtyigoenn dsiescsoonldu tsitcerp, t hi rd
of oxide, fourth step i f growth of oxide | ay
|l ayer [55]. Wang, Guifang, et ailstused utrtredr malt
surface to enhance the in vitro as well as i
temper at°Cr € oat vab0Ded time duration[55]. Maes!
roughness, mi crohardness, anay cfoolrloewiomg r@yga
conventional i sot her mal heat treatments. The
reaching a p e apkuAi,t e mp e hatcuyrcel i 6f conditions
tempecmAMidiy®@mAi f or total 48 cyggtked agahdngadhs
treat ment met hods | ed to increases in micro
resi svaméaeb ;e tchier cupegn potenti al during pol
untreated materiali buTkdséof timeéi Mg mat e oat toff
XRD analysis [56].

3.1.6 Laser Surface Modificati on

Laser surface modification techniques are :
properties with high precisidaonwiamrd daontor dli.vl
categories. The differences among these tech
the | aser beam and the material. These tect
| ocali zed heating, ganerlftamey,ofora arbhdtaegr ioal ,0nal
surface chemistry, texture, and microstructu
3.1.6.1 Laser Surface Melting (LSM)

Laser surface modification (LSM) is ant advan
enhances the properties of metallic materi al
hardness. |t iermneorlgvyesl ausseérngbearmitgdh mel t t he =
rapid heating and cooling medupobtientaalrkyint
characteristics. The | aser beam is focused o
and melt uasutahilry Ifeewermi crons to millimeters
across the shefaopsi ®tOmmteucteved rlaagseeer moves p
mel ted | ayer cools quickly, solidifying intec
give rise to the formation of fine grains, v
resi stance. Depending on t he materi al and C
transformati on, such as martensitic transfo
properties [57]. A schematic diagram of LSM
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Base metal

Fiug2eLaser Surface Melting Setup [ 58]

Using LSM, hard, uni form, and wultrafine struc
altering the chemical composition of the spe
surface | ayer dhdrka omtadreirdtailgs imfcltulde ng r esi
corrosion, can be olgdrnvdd.e Averaer dnuecbthieore Aodb OU |
Mg alloy surfaces, asi2weHV a& anmcrnoltardses
document eduBa&ldl & St falr. sur 6 paE@OABO®OABBHOciart i on
worskhowed t hat Laser Surface Melting (LSM)is
OO0O0ANDAIOOAT ORQOEDPEISA ai nl ess steel bi omedi cal

surface of 316L SS that is wused in medical
|l aser. It was discovered that samples treatec
wettability,)stcaonwrce,si amd renriched -maitelriilailty

interactions. These LSM treated samples had
these LSM treated samples atser gqyudgmraihn glho u
[ 60] . Ghatws edValkuM fDor sur4fEaglel 186adf Aceamodnf 0
carried out wusing a broad range of parameter
processthe treated samples are then analyse
suacfe roughness and wettability. Along with
account for various LSM process parameters |
technique to modify and enharmdbddd itnpd astr fama
enhance the microhardness and corrosive resi
increased and corrosion rate decreased after

3.1.6.2 Laser Surface Cladding (LSC)

LSCi s andwtabedtlezhtageemodi fsiucati on to enhanc
of a metallic biomateri al by applying a cl ad
ceramic powder. This | ayer of powder i's mel
focusedml a3ée baager ds energy melts the powd
substrate, creating a metallurgical bond be
rapidly cools and after solidification a cl
poperties [63]. Cladding causes mini mal di | u
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time avail able forinteraction of | aser with
its strength [64]. Steps of the LSC are show
ITTTTTRTITITIT
Laser
Metaliie pomder "] 1 T 1 oo !
etallic powder \ ,"A A \+B vn X'AB, x Cladded
otn| RTITY Kae o 4 layer
Substrate f§) q’; ’l}‘ ®5 &
..... caaa e _ Z

Fiug3eSt eps of Laser Surface Cladding

The coating | ayero6s quality depends on thr
di ameter, second parameter is the | aser's p
speed. Each of t hset nreenmaiionn ecdo nfsaicsttoernst muo ens
thickness. It has been noticed that the | as
resistance of t e as wr fsaae ntghrhewnmgmgf i However
restriccédddnnigavdecause it must have a mel ti
andel astic modulus similar to the metal subst
can result i n weak metallic bonds bwhiwleen t
mi smatched ther mal expansion coefficients a
residual stresses that cause cracking. Beyon
t wo additional i ssues | imitodeses: :efffiercdti vene
formation caused by trapped gases in the mol
to the high residual stresses from the heat.
| aser cl addkimig(stf aChl @¢s %otveslibb tnrt @t ea,n- whi ch
all oy structural steel . The goal of study wa:
corrosion resistance. The powder used range
al .utilitzeadk aconatital | aser cl.a®#HOND 7(LC) sy
ddmBELost eel, a type of carbon structur al St ece

cont enmx & Olox@® i nfl uenced phase composition, r
resi stmasaé phur corrosion at high temperature
nt ai-nedh Mandh Csol i d solutions [67]. -Al mei d
sed alloys onto steel pipes.rvVDedi ngether na
a hafdedhtead zone (HAZ) i n the substrat:
monstrated increaselda dhdaadbnSased, | liwticgom etl h & 215;
owing twice the hardness of the substrate

w O O T O
> 0O ™o O

w

1. 6SBrfase All oying Technique (LSA)

ser surface alloying technigue of surface

chnique. The main difference between thes:¢
rface |l-ayergyAbéi §laser is directed onto t
ating and melting a thin | ayer of the surf

o n
® C O QD
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fed into the molten pool, where they mix wif
t hel tmed area cools quickly, |l eading to the |
refined microstructure [69]. I n LSA all oyi ng
various metpHadcse dl iploevdemre met hod, powdél oyhpeg
powders are continuously fed into using a poc
el ements in gaseous form are introduced into
in which substrate itsekBhncoetbatnsandefroyYyiasg@
all oyed phases [70]. Temperature gradient 1is
shear stress is also have an i mportant rol e
the bul k matretr isatluibiRéglsl,alldahofyiewiet h nearly 100%
was successfully synthesized using | aser po
mi crostructure r evhegal edo ntthrei bpurtei snegn csei gonfi fTiic a
progertiln situ |aser alloying ensured homog:
the all oybés mechanical properties and corr os
potenti al for fabricating bi oactiveti as$ | oy:
[ 72] . Ort ho-pedactedevntections ( ODRI sI)asaerde a
i mpl ant s, necessitating anti bacteri al sur fé
mechani cal I ntegrity. Sedag-baep a8ppaocwdeh ni &

silver nanoparticle ( AgaNsPs)i sctoeadt i snugr fakiksteh aslell o

i mpl ants. This method produced a Ti Ag all oy

prol onged super hydrophi Isisciatgya,i ndd mocnosnmnroant i pna
c

significantly improving bone mineralizati on
mi ni mal i mpact on the alloyds bul k mechanica
for durabl e, bioa3c]t.i ve i mplant surfaces [ 7

3.1.6.4 Laser Surface Peening Technique (LSP

LSP technique is suitable for metallic bioma
of materials are enhanced by i ndtwmniemrgyt he hroe
duration | aser pulse is Hiregpedaht ythbreugl
overlay (such as water or a sacrificial tap
| aser. The intense energy from the | aser pul
creat i npgr ess shuirgh. sThha csk swaowek wave propagates i
plastic deformation in the subsurface | ayers
the shock wave subsides [74]. Critical par ar
| aser medeaowegrlaap rate [75].Bakhtiari, Mei san
Surface Peening (LSP) on Ti6AI 4V samples wus
coatings. Hi gher | aser power density desul te

increased hydrophobicity and surface roughne
the highest roughness andokohaocatetastsamgpkes

to three times the fatigueal idraloysiuatamradtfealt
characterization WwWSEBM. cAndiutcit @emdalulsyi,nghyRE o0 x
opti madtlrepat 88 sampl es demonstrated i mproved
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enhanced osseointegnasi ¢iwé6poVeshna) ot hiimp
examined the effpeedrsi nogf fvliaureynicnegs loans etrhe sur
bi ocompat i bmoldiutlyg2dNfialll ow. Hi gher fluences (
nayporous surbacee wkelwneeg along with mixed

N b . These surfaces exhibited enhanced hydr
and 43.2A, respectivel y. The presence of Nk
reduciengdefxe dt s . Cel | studies revealed incr
suggesting enhanced osseointegrati e@ereepetdent
surfaces at higher fluences I mprove Dblath wes
22Nb alloys [77].Praveenkumar, K., et al . S

coating on the surdhdcemadheariadt e[r7 &]t.i Tchsi sofst
mechanical and bi#Ee@gixc.ad!| Ipooyppet tases o &fh oc k
Peening (LSP) at vari ous eHrearegayt elde vsaulrsf azred

increased compressive residual stresses, h a
refingrdaismbsi zes, enhancingl weprome&st®d anwref. ¢
was | ower but significantly i mproved over 7
ostedblkaestcel | s. The findings suggest t hat |
orthopedic i mplants, rigatedtpai hyanedumpngvin
bone tissue [79].

3.1.7 Thermal Spraying

Ther mal spraying comes under the category of
the wear, corrosi on, and heat rfeisi mtahceoat
materi al . It involves heating a feedstock ma
wire or powder fomm)tea atmbketandot hseampr ope
of a substrate. Thisdfeuméaaecpanbpeagt wes hwl

substratebs bul k characteristics. The melted
higkelocity plasma and sprayed onto the targ
flatten and iragidl gecovel codabirmg that adher es

|l aser cladding technique, the selection of
Ssubstrate is restricted by the requirement
i nt elrime¢ abonds at the materi al i nterface [ 81
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Power Supply peang
Driving Device @Linier Element Liquid Drop :
&(iuide Nozzle of Melted Material

Compressed Air

Spraying Metal

S Spraying Material

Driving Roller Power Supply Substrate

Fiugd4eT her mal Spraying [ 83]

Baltatu, Madal ina Si mona, et al i nvestigat e
zircarn@2) to enhance biocompatibility and
through at mospheric plasma spraying, the coa

cracking. Key findings indicate t hasti ngr W20 r e
adverse effects on bomeayhadalfifm@& DASvaloyashidsr StER
t he presTencendofZr O2 phases with a tetragona
coatings exhibit | ow Youngos ma dn@lnu sb owna&l uaen
potentially reducing implant stress shieldin
of three therdébal )spAtmgsphecessPbasma Spray (
and (i-VYdl)o dHitkRgyre IOxgypr & whe{hHVoFe)r at e at varying
research examines how each process influence
both blood compatibility and i mplant strengt

3.2 Coatings

The coatings serve as efefd ciinetnetr abcatriroinesr sb, e tpw

of metallic biomateri al and biomolecwl es. Ac
such as <crystal structur e, mor phol ogy, roug
surfacédcamargdanace séi sntramnxciegn mechani cal prop
reduce protein adsorption and hematopoietic

strides in developing a range of coatings

bi omaterimags. oQoactardi ovascul ar stent s, i n

bi ocompati Hiolxiitcy tayndtrmacamdar ds due to their di
bl ood, and cell s.

3.2.1 Carbon based Coatings

Carwamsed coatings inlclhadegarmnpdhnteDLA@) amdngr :
widely used to enhance the properties of met

resistance, reduce friction, and increase bi
of bi omedi c aslucdp palsi coarttihoonpsa,edi ¢ | mpl ant s, c a
i mpl ants. Graphene is regarded ®usa&df onancat iad
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various dimensions [86] . Las-NBmmoMn Sdlelidy,bytu

powdmert al l urgy. A single | ayer of graphene ¢
chemical vapour deposition method. Bi ocompe
confirmed that ©proliferation and ereldr apllhersa
coat ed porous substrate[87]. Cor ado, Hazel

commercially pure titanium coated with graph
both by electrochemical deposi ttiesnt tieéc hwiaisguoe
that graphene coating increaskskéhearcoomoso
(DLCs) are a <c¢lass of amor phous carbon that
di amond | i ke such as hightharmdnensesar Ilroevws i cde
hemocompatibility and chemical i nertness. T
even at room temperature. DLC coatings have
devices, prosthetic heajroti ntalpvreoss,t hdeesretsa | a nidmps
coating on aluminum met al can significantly
alumi num and i ts all oys are coated with DL
applications. The priomaryroconduoshnge@®@inGmetlea@dst
physical vapor deposition (PVD) met hod

(CVD) met hod[ 89] . Stent s coated withDLC ex hi
hemocompatibility and desirabl.edabsisaacng mpSatdii kai,
used graphite coating on stainless-legneé@i ngukt
and antithrombosis properties. Physical vap

coating [90].

3.2.2 Polymer Coating

Pol ymdarmgsoatre widely used on metallic bioma
prevent corrosion, and i mprove their overall
Ren8ta, et al. investigated t he -edtoyll lgehgtciod e i
(PEG) coat-baged omatZenr i al s, focusing on sur
cytotoxicity, and mechanical properties. Whi
zinc (Zn) alloys, the i nf leuetnicees orfe npaoil nysmeurn ec
findings reveal that minor addition of Fe an
and mechanical properties of the surface. Hc
decrease in bioaxlongptaudibad itthye Aefifleetts of pol
surface. Twodi fferent kind of polymer <coatir

second coati md | wmabddd OAGA MO0 $ AdYE N dped on
magnesium surf ace.deTshiegsnee dc otaot i mmQesv ewnetr ema g n e
degrading in vivo, thus improving its viabil
Jon Andrade, et al f oc usheads eodn htyhder odgeevle | coopanieinn
alloy (Ti®AéstViusismdE#e)n'apdn pol yet hilEene gl

# () 'ats crosslinking agent s. These coatings
bi ocompatibility but al so significantly en
[ 93] . Polypyrronder (Plpg ) catoengsr yw of conductive
ease of synthesis. It also exhibits high ele
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Al ong with it also demonstrates excellent er
during sever al cel l growth processes. Effect
by Ri khar. et al . They successfully <created
Ssubstrates wusing cyclic voltammetcypr i (&€¥i)on T
behaviour of these coatings in simulated bod

3.2.3 Titanium dioxide (TiO

Ti O coatings are used in drug delivery syst
applications. They al sal eerxd i wiitth ha mgthi bcad tad ryit
|l ohgrm stability against both photo type and
al. presented a novel approach by doping TiC
adhesion on £oCiMe sesfihtéeng coatings exhib
uni form anatase phase, with thicknesses rang
the potenti al for bi omedi cal applications b
surfacedelhe[ RETicOAatnago applied through magnet
innovative effort to enhance osteogenesi s, n
bacteri al colonization on stainlessoatedl (

surfa@aedi ©C2% in terms of topography, roughne
For comparison, uncoateedh&d taintdarmsiammb( Risk e s
examined [97].

3.2.4 Heparin Coating

Heparin coammomglsy auseed i n medical devices t
particul aodnmnyt acnt ibnlgpoddevi ces | i ke stent s, cat
naturally occurring anticoagulant, helims to
and other clotting factors. When applied as
compatible with blood, reducing the risk of

adverse reactions in the bodhye [Ws8g .avfaihtyzd r dva
fromm OBOI AATADEUCRAUAS 1 ar PEG) and heparin, bo
coagu-tasponsive heparin release, as coating:e
was to reduceformationnaf eblfeecd i vlemtes.s DhHe tin
assessed througlhoopn avsistaryos GCahnadn dil mpl-aot at ¢ on
arteries of rabbits.Li, Xiaoying, et al. emp
stabl e hepar iwmsc dateinn gu,s ewlh it-colo adteevde | vwogn oau sh espta
experiment verified tt@aitmerdvistensafdtOpw]of th

3.2.5 Chitosen Coatings

Chitosan coatings ar e commonly used i n b i
bi ocomp ati ioldielgirtayd,abi I i ty, and antimicrobial

chitin, a natur al polysaccharide found in th
valued for its ability to promotencelolatadis:
are frequently applied to biodegradable ste
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body. Kozina et al:hbawedkdéd oomatmagmaési um t hei
technique,coadlilnggd megihmod, to coaat egcloift ousna
thickness on-Q@Qgmliboyf aResofts showed that ¢
significantly enhanced the alloy's corrosior
coating on the surfacad osfhiafltleody ptohse tciovrerloys,i oa
current was reduced, and the corrosion rate
chitosan coatings on the surface of titaniu
their remara@ahbal ahteaomiicvenefser hiyng owmitti s1go ft

bacteriaEscherichia coli and Staphyl ococcus
greatly enhancetdi mbeofsafet gniamm I mplants an:i
comercially viable solution [103].

Concl usi on

Met allic biomatetihal $bied e didc alndiarhfhleatteas o n
i tt hsiupemeicohrani cal properties and versatilit"
wear, and biocompatibility pr esteenrtm sapgmliifd actal
This review hi ghreitghhotdss tahnadt steefcfhenciéqioveesfd i of fi c a
metal l i c biomadiiad n i fmadam tmekde & pyé | h oper nobapnecret i e
and olfi fmetallic i mplants by improving their |
corrosion resistance, andasedusunfjaweamodTéd
spraying, and the application of bi ocompat
i mprovements in implant | ongeviwtoy kand pgdtiiser

should focus on ofpaatmmeznitn gatnedo bcaceagteiemsgf aoet ai
properltdrege frduindbmadiodal applications, ulti mat
of safer and more effective i mplants.
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ABSTRACT

Thi s articl e revi ews t he vari ous advanceme

applications. Due to their versatility in v
materials are mastisgiiabldentat ®sBmpgeri es, l
oper aHHdwenwseryi xdheenwni ronment, which includes
to met al surfaces. This corroproductis, | pader
causiaoagali zed pai n, i nfections, swel |l ing,
bi ocompatibility is a key consideration whert
such as <cegfFramses, ano polymers existfometal
their mechanical strength and adaptability.

corrosion remains a significant <conesrataifdbd
met al s SEnlcol,udveagne si uasnColbl&hytsami al | oys. The f

of a protective passive film on these mater:i
the |l ongevity of metallic implants.
KeyworMes-mdt al | i c Bi omateri al s; Bi ocompati bi

transpl ants

1. Il ntroducti on

Bi omateri al s, nowadays find a significant

including bone transplants, dent al i mpl ant s,
[ 1]. Various properties such asemicabi ctcamp &
degradation and many more coll aboratory pro
treatments mentioned earlier [2]. As we know
It comprises of variqQqusg$ ymelhl, s botniessaas, mamgya
are collectively important for the proper f
bone transpl ant i's kept as the center of at
psychol ogi ovalt hf mn dthieontsody. It compri ses of
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mor phogenetic proteins, minerals, type | <col
as seen from figure 1, clearly represents t|
antdhese numbers wil/ kept on increasing. Few
mechanical properties of composite bricks an

fiber ;aBd B} B

From a biological per s @eecttiivses,uebotnheati suna e ic
dynamamod.elTihnigs process is driven by two key
down and resorb mature bone tissue, and oste
cells maintainh éosner hogmetolse alsdose remains hea
str[fels]sThi s natural regenerative process all o\
under nor mal conditions. However, when bone
greatnerl tchmg ), the natur al regeneration proc
hal without extTeo naad d raessssi sstuacnhc el ar8gje. def ect s .

support t ke adameg' smexeélafni sms amuc tfiacn |l oft att ee
Thi s ensures that the bone regai[n®s] Whisl estr
researchers have made significant progress
critical bone defects, Hmalnlyencgheasl | @mae edue e ma
interplaytobhffactobsnehaeal ing, such as [ 10,

ayLocation and size of the defect: Larger or
b) St ate of the surrounding softentiasudorA hleas:
c) Mechanical stress and movement: Continuous
damaged bone can i mpede healing.

d Patient factors: Age, metabolic diseases (1
success of treatments.

One ofmasit effective interventions for criti
bone is harvested from the patient's own boc¢
minimize the risk of immune repeasti dM.2diowne
However, the availability of auto graft ma t
procedure carries risks, i ncluding donor si:
where the bone was takeand adadiltoingrefdl.34unr gemy
alternative to autografts is the use of allo
this approach can provide | arger amounts of
di sease tamahsenmEss onon. Moreover, healing wi
sl ower , amd etahemre rii s ka ofl nc ameplpiomastei otnos t[ hleds]
researchers have increasingly turned etsoce art.i
bi omaterials aim to mimic the structure and
solution for reco[nskd]rBica mantge rb canl e i drepfl eacnttss  h
advantages, including the Bbnhntosyspeciciust ome
ri sk of disease transmission, and fewer conc
of these implants still depends on factors |
body's abilittyi ftiociialt egatagrei dlhei mir@pttde wat u
various materials are considered for transpl
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materials and their alloys includes sstairmlnes
alloys, zinc alloys, polymers, ceramics and
various orthopaedic transplants. These mater
properties toi mamamedooinersantemhases mre highl
resistant, making them ideal choice for tran

2500

2000

]
8

Direct (2017-2023)
5
g

500

Number of Biomaterial papers published in Sci

Year

Fi guNemiher of Research article and-2B288i édatntic
science direct)

2. Mechanical Proper tBieossmaotfe rMeatl asl Metal lic

All the i mplants and medical devices used in
and mechanically stable. The materials shoul
rigidness, elasticity,dslhe emgasdtsuraend .t dhhgh gé¢
from the wutilization of biopolymers towards
few decades due to their exceptional propert
modul us. Femr sbantdeng,untthe properties commo

tabul ated in Tabl B2@] fard cdiemirl damshaghtilsednm 8p
better understanding.

Table 1: Summary of Mechanical P rli@pOe]r t i es of

Met al lif Ultimate Yield St E Modul u:
Bi omatern Strength ( MPa)
Cortical 750 370 180
Stai-81 esls|585b5351 221213 190
Titanium 760 485 110
Magnesi um17D70 - 445
Cobalt (C|1012 485 243
Cob-€ht omi |940 - -
all or{Co
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Excell ent mechanical properties help to with
affect the biomaterials due to cracks aroun
transplanted biomaterial canfrepsoasthesneprieeb
It can | ead to substanti al i ssues and may r ¢
painful . Hence, mechani cal properties are |
material. Al so, basetd bastbheeprebseuseditbana
greatly influenced by mechanical properties
|l i ke bone and provide sufficient strength t«
transpl antlesd duartienr g t he operating period. Th
shear and many more. According to a study I
damaged compared to bone transplants due to
wo king transplants is determined by withst:
durability. However, sometimes the propert.i
various alloys and providing nece2s83dry Abea
mentioned earlier the bone materi al can al t e
sufficient amount of alloys in the pure mate
1100 r Oultimate Tensile Strength (MPa) OYield Strength (MPa) O E Modulus [GPa)
1000
“ 900
S soo |
£ 700 |
Esuu- l
'.E 500
glﬂ]ﬂ'
o 300
200
100
Cortical Bone [CB)  Stainless-Staal (55) Titanium [Ti) Ma gnesium | Mg) Cobalt [Co) Cobalt-Chromium
Metallic Biomaterials allay |Co-cr)
FiguMecRani cal Properties of ré&&@pdcted mater
3. Biocompatibility
Sever al factors influence the biocompatibild.i
cases include the size of the i mplant, comp
and many more. The biomaterisalnsg shaoaultdatnootn rc
due to changes in plasma proteins. Al so, It
bl ood cells as it may | ead to har mful i mpact
The corrosion of metallic dumpd ainnt st hcraene i prfil no;
el ectrical current swigieméey at mpadturc algl «loam ols
chemical environment around the I mplant may
corrosion can imdtealbdbelriesmi t@One edilgdiafri cant ¢
corrosion products i rotro stylsd elmoady aing tHiveetnp ot
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mild corrosion can cause symptoms such as | o
rednedsswel ling in the affected area. System
due to the influx of mef[t2ad] Grogresct irfeil ®@ asedu ™dwlr
these i ons, coupled with var yiengs eoxfc rsepteicarn irc

el ement s, potentially disrupti[RgZ]thebbbbdyasi
studies and patients-bwisteidt Isd patmdiespoishteel ep

(TJR) components, beenoshownathadr mweamhsaermhdges gi n
met al [cd&JtTehnetse changes include increased me
di stant tissues (such as the |iver and kidne
urine. While histological evi dences diarcekctnlgy,
t i sdsiusec ol amd at oo@i gn body reactions (FBRs) st
is the source [@ffheheoermseti aln ress$s stance i s

depictsvarious ASTM st asidsatradmsc ef oaf twasrtiimws ch
31] .

TablAeST2M st andards for testing of Corrosion re

Standar/Speci ficati on

ASTM G7Test guide for measuring galywv

ATSM G6Test procedurcealoifz ende acsourrrionsg olr

ASTM G4Test proceduateebfbasadndessce
due to corrosion

ASTM 1(0Test procedure of surgical i n
corrosion

ASTM 89Test procedusrcer eoWws pflaoart ense aasnudr i
corrosion

ASTM 74Test procedure of surgical i m
corrosion

4. Corrosion effect on various Biomaterial s
4.1 StSaierelle (sSS)

Stainless 816k) Bigd6toMmMBBENlIY used as a biomat

due to its excellent corrosion resistance, n
all oying el emeatdt8168 soncbude2 C%) ,o mmalmy  den un
3 %) , ni-lc5k%)l, (all2ong wi th smal l amounts -of oth
316L corrodes inside the body, the release o
all ergens. Stainles® 9ptiedli ngs apar tcirewl arl y o
indicating that these forms account for abo
vul nerable to |l ocalized corrosion caused by

compounds. cdhef pteseng microorganisms in t1l
| ocali zed damage [33].

115| Page



CONFERg
e &
&7 Vs

AVRASYA 12th INTERNATIONAL CONFERENCE ONAPPLIED SCIENCESFebruary 14 16, 2025 Tebriz
ISBN 978625596226-3

Chromium is the key el ement responsi bl e for
corrosion resistance in stainlessomsgewilt 3a
moderate increase in molybdenum, enhances th
passive | ayer. However, a high amount of (o
corrosion. Therefore, mainlmedioowalcapboposesnt
Notabl vy, it was evident that, the presence

|l eads to produce some harmfuleffects for th
addition of nitrogegmiifnctame S dtumancer a Wi coS

stability. However, high concentrations of r
mechanical properties that must be avoided.
for medcatlomppas reported in the recently p
4. 2Magnesium ( Mn)

To assess thebasedabl | oyg, otomMgr ehensi ve me
investigations of their degradatioer pB@FcesS88
MgCd all oy facilitates the formation of a ha
et al. [39] fabricated four distinct Mg allo
acceptable Iimits, rposndingl poaéf massngFuhel
have shown that Mg i mplants completely degra
a biomedi cixlCabi@Bxawlty. W)g al |l oy, wher @& 20y tceetl d xi
demonstratedatixkwiell il t6@d o&lomipe, Mgi t h a cel | s u
t hat of the control group in the extract C L

corrosion studies revealed that a mi xture of
sur fodc et WleCaMgal | oy. These results higdg@6aight

alloys, showing great potential for wuse as |
toxicity and biocompatibility, Mglarcatiosnsal
orthopedics. However, the dHaseedntal toysosison
align with the natur al bone healing process,
research is needed to sl|lew wWwmwand hidtdg ocoalrlocy ®
4.3 Cobalt (Co)

Corrosion resistance properties of Co alloys
better utility in biomedical applications.

i mproving he corrosion resi<t ahae pebDpert me:
properties compared to bare Co. Al so, dopin
compared to other [46]. However, | ow ductil:@
materials are Iincoephamaitedl tandncorrsei d¢dmer e
CoMn [ 47INtIFE€o [ 4-8EW-NiCo[ 4 9] are wusually wused &
dent al roots and orthopaedic wires. For, f u

CeCtNiW-Fe [ 5d@duerstiIfy being used as stents due
durati on.

5. Di scussions and Future Scope

The role of bi omaterials i n meidde adt tf e tl idon
their versatility, kodywadndidurtagbiwlitthy .t hldo vheu
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metallic biomaterials is important aspect toc
used materials has a great endurance to resi
a dopinagl ntaot eenhance their mechani cal and ¢
researchers has performed an experimentatio
i mpl ant s. Al so, it has been observed that
comphttpi of magnesium and its alloys for | ol
work should be carried to check the overall
the ti me. Based on the literatheedbettewmkeaynrp
bi omaterials in future:
1.l ncorporation of nanoparticles and their
we-bkei ng of the biocompatible material for
2. Various optimization techni guesesudlbbrabeTd
ideal conditions and solutions with | imit
3. Artificial Neur al Net work (ANN) can be he
save time and cost.
4. Mu |-GQrii t eri a Decision Maki ng-suNMGdzMg rncaln fher
the particular application based on weigh

6. Concl usi ons

1. The biocompatibility of the various met al
successfully studied.

2. St ai-8t esls, Cobalt, Chromium and Magnesi um
bi omateri al s.

3. The grain size plays a vital role in i1ts

properties.
4. The heat treatment techniquesthhmast be con
bi omaterial s.

5. Treat ment of exceptional mat erials such e

more effect the corrosion behavior of the
6. Concentration of nitrogen i s -skteepetl ufnodrer O
medi cal applications
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ABSTRACT

According to the Occupational Health and Safety Law No. 6331, which entered into force in
Turkey on 30.06.2012, an occupational accident is defined as "an incident that occurs in the
workplace or during the work, causes death guairs physical or mental integrity". To protect
against occupational accidents, a risk management and assessment study appropriate to the
work area should be implemented. There are four headings within the scope of risk assessment
studies. These processese given below. Determining possible hazards in the work
environment, conducting risk assessments, implementing control measures (prevention and
protection measures), and monitoring and reviewing the entire process. The basic contribution
of risk managen is to determine and eliminate possible events or situations that may cause
harm in advance. Regardless of the hazard situation, each facility must conduct a risk
assessment study at certain periods. The most important of these is the precauticleeto be t
against the potential for fire in chemical facilities. Several regulations are applied to ensure
compliance with the relevant regulations and standards. Tests and inspections are included in
the study.

Keywords: Fire systemRisk assessment, Hazard situation, Precaution
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INTRODUCTION

According to the Occupational Health and Safety Law No. 6331, which entered into force in
Turkey on 30.06.2012, an occupational accident is defined as "an incident that occurs in the
workplace or dung work, causes death or impairs physical or mental integrity". To be
protected from occupational accidents, risk management, and assessment studies appropriate
to the work area should be implemented. There are four headings within the scope of risk
assegwent studies. These processes are stated he)Bjw

It is necessary to determine the potential hazards in the work environment, conduct a risk
assessment, implement control measures (prevention and protection measures), and finally
monitor and review the entire process. The main contribution of risk managerteitentify

and eliminate possible events or situations that may cause harm. Regardless of the hazard, each
facility must conduct a risk assessment study at certain intervals. Law No. 6331 requires that
risk assessment, emergency plan, and compliaheeks be conducted within the scope of
relevant regulations and standards in hazardous workplaces. The most important of these is the
precautions to be taken against the potential for fire in chemical facilities. The following
regulations should be appligo ensure compliance with relevant regulations and standards
[3,4].

The most important risk factor in industrial production facilities is the studies conducted on the
potential for fire. Fire is a fact that cannot be fully resolvef@ailities. Today, many fires and
explosions occur in industrial facilities. Fires and explosions occur due to the use of various
flammable and explosive chemical substances as raw materials, intermediate materials, and
final products in chemical industfacilities. In chemical substance fires, fire intervention is
also taken, but the lack of knowledge or incorrect application of precautions and the lack of
training of personnel make the extent of the damage dangerous. It is understood from the
studies coducted in the literature that fires occurring in industrial facilities vary depending on
the specific production and conditions of the facility. The precautions taken considering the
possibility of fire are aimed at minimizing the risk. However, as a tresdires that are not
intervened in time, loss of life and great material danoager[5,6].

Solvents, other raw materials, and fuel used in a chemical facility cause explosive
environments. If necessary precautions are not taken in such explosramerants, a fire or
explosion can occur, making the workplace dangerous. If flammable solids are in powder form,
there is a risk of dust explosion. For a dust explosion to occur, the dust must be suspended in
the air and cause an explosion when it conmés contact with an ignition source. Dust
accumulating on existing machinery, equipment, and pipes in the facility causes an explosion.
Precautions to be taken to prevent this are regular cleaning and a fan system [7,8]. Training
employees and constantiguiewing emergency plans within the scope of fire safety measures

in industrial facilities are of vital importance in minimizing the effects of fires and ensuring
human safety. The methods to be taken for fire safety are given in Figure 1 below.
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Fire Life Safety

Management Preparation Training

Passive Fire Protection Systems
Performance Based Design
Fire Detection and Warning Systems
Manual Response Systems

Smoke Control and Pressurization Systems

Figure 1. Fire life safety methods [9]

MATERIALS AND METHODS

When fire safety is examined, buildings are classified as use class, residential, accommodation,
office, commercial, and industrial buildings. In the building hazard class, the layout plans and
enviraonmental conditions of the facilities included in the industrial hazard class, the materials

to be used, the escape routes in the buildings, escape stairs, escape ramps, and escape route
doors are defined, and the instructions to be followed in case @irérepecified. Fire safety

in the facility requires taking rescue measures. It is important to take various precautions to
minimize the risk of fire and to keep the damage to a minimum in the event of a possible fire.

For this reason, the basic precausioo be taken for fire safety are given below [10].

1. Fire Fighting Equipments

Fire Extinguishers: In every home and workplace, fire extinguishers should be easily
accessible. Fire extinguishers should be checked and maintained regularly.

Fire Blankets: Fire blankets can be an effective solution for small fires. They are especially
useful to have inikchens.

Fire Cabinets: Fire cabinets should be used for fire hoses and other fire extinguishing
equipment [10].
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2. Fire Detection and Alarm Systems

Smoke DetectorsSmoke detectors are critical for detecting fires early. They should be tested
regularly and thie batteries should be checked.

Heat Detectors: Heat detectors are recommended, especially in areas where there is a high
probability of fire (such as kitcher@sd boiler rooms).

Fire Alarm Systems: They are important for quickly alerting building occupants in the event
of a fire. These systems can save lives in both workplaces and homes [11].

3. Emergency Exits and Routes
Emergency Exit Doors:Emergency exit das should be used to evacuate quickly and safely
in the event of a fire. These doors should not be locked and should be easy to use with a handle

that opens from the inside out.

Evacuation Routes:Evacuation routes should always be clear and unobstrivsekling and
lighting these routes ensures safe evacuation in the event of an emergency [12].

4. Fire Training and Drills
Fire Training: Fire safety training should be provided to employees and residents. They should
be taught what to do in the event ofit@, how to use fire extinguishers, and how to find

emergency exits.

Fire Drills: These should be held regularly and everyone should be made aware of the
emergency plan.

5. Electrical Safety

Electrical Installation Control : Regularly checking anchaintaining electrical installations
reduces the risk of fire. It is important to replace old and worn cables.

Using Multiple Sockets Using multiple sockets can increase the risk of fire. Therefore, as few
devices as possible should be connected at the Sme [13].

6. Storage of Flammable Materials

Flammables Flammables must be stored safely. These materials must be kept away from heat
sources that could cause a fire.

Hazardous Chemicals Chemicals used in workplaces in particular must be labelestareti
correctly.

7.Smoking Areas

Smoking Areas Smoking areas must be designated and smoking should not be allowed
outside these areas. Cigarette butts must be completely extinguished and disposed of properly.
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8. Hazardous Substances in the Regulation

Article 101- (1) In cases where there is no psiwn in this regulation regarding the storage,
filling, use, production, and sale of hazardous substances, the relevant legislation and standards
shall be complied with.

Classification of hazardous substances

Article 102 (1) Classes of hazardous substanae listed below:

a) Explosives,

b) Flammable and explosive gases,

¢) Flammable liquids,

-) Fl ammabl e solids,

d) Oxidizing substances,

e) Poisonous and disgusting substances,

f) Radioactive substances,

g) Caustic substances,

] ) Ot her substazcasr d o u s

General characteristics of storage volumes

Article 103 (1) (10/8/20092009/15316) In places where hazardous materials are stored and
produced, it is mandatory to comply with the following:

a) Works carried out in public areas and under cacatijt to residences related to hazardous
materials must comply with the conditions specified in the relevant standards.

b) In singlestory buildings where flammable and explosive materials are produced, processed,
or stored, the walls must be fireproofresistant to fire for 120 min. In mutory buildings,
production, processing, or storage of these materials is permitted to the extent stipulated in the
relevant statutes and regulations, provided that it is on the top floor of the building.

c¢) In buildngs where hazardous materials are kept for any purpose, environmental safety is
ensured depending on the amount of hazardous materials and their hazard class.

-) Access roads to the building must be kept
these roads.
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d) Depending on the nature of the production and hazardous material, the floors of the buildings
must be made conductive to static electricity and the doors must be grounded against static
electricity.

e) The entrance and exit doors, windoglgjtters, and ventilation duct covers in the buildings
must be made in a way that opens outwards against pressure and allows the occupants of the
building to easily escape or evacuate in case of danger.

f) There cannot be bars or cages onvifredows of the building. In workplace buildings with

more than one section, each section must have at least 2 doors, one of which opens directly to
the outside and the other to the main corridor. The interior partitions must be resistant to the
highest posible pressure, have a flat surface without cracks, be made of fireproof material, be
painted or whitewashed in a light color, and be easily washable. The floors made with a slight
slope are connected to a tank or a stilling well with a drainage systesteWéer treatment
facilities suitable for hazardous substances can also be used for this purpose.

g) The ceilings and floors of the buildings must be made of fireproofpiesk, nonsparking,
and easily cleanable material, slightly sloped, and thdawws must be made of wired glass or
unbreakable glass that will not break into large pieces and will not cause damage.

Explosives

Article 104 (1) According to this Regulation, explosive substances are substances that react
rapidly under the effect of frion, impact, and heat without the need for the addition of another
substance and that harm the environment.

(2) There cannot be public places such as hotels, entertainment venues, and coffee houses
under, on, and next to the storage and sales areasilyf flmamable, combustible, and
explosive substances and similar substances.

(3) Businesses selling hunting equipment must be independent and preferably in-stsiggle
building and must not have a door or connecting window with another business encesid

(4) (10/8/20092009/15316) To sell hunting equipment in mgliory buildings or passages

used for different purposes; the sales place must be on the ground floor, have a direct entrance
from the street, not be connected to other parts of the bgila the walls must be fire
resistant for at least 180 minutes.

(5) The inside of the places selling hunting gunpowder and materials shall be made fire
resistant with a suitable material. Special safes and steel cabinets shall be made in a car system
in such a way that a person can easily change their place and in case of fire, they can be removed
from the environment and carried to a safe place. It is essential that the entrance and exit doors,
windows, shutters, and ventilation duct covers in the bklopen outwards against pressure

and be constructed in a way that allows the occupants of the building to escape easily in case
of danger.

Flammable and Explosive Gases
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Article 105 (1) According to this Regulation, substances in the vapor phase ureslno
temperature and pressure are considered gase
are called pressurized gases, and gases wit|l
vapor pressures exceeding 3a8el. If bdthaypes bf g UC
are dissolved in a solvent, they are included in the class of gases dissolved under pressure.

(2) All cylinders containing pressurized gas in gaseous or liquid form or liquefied gas must be
manufactured by theharacteristics of the pressurized gas contained therein, the principles
required by the technique, and the relevant legislation and standards.

(3) The bottom of each cylinder must be surrounded by a hoop at a certain height so that it does
not touch the gund, and there must be a protective cap with ventilation holes to prevent gas
accumulation in the valves and safety valves of other cylinders, except for LPG cylinders.

(4) Cylinders can never be filled with a pressure greater than the permitted peesbwich
pressurized gas above the weight specified on the cylinder. Before filling, attention is paid to
whether the cylinders are suitable for refiling by the relevant legislation, and cylinders
containing gases whose critical temperatures are genkigltier than the ambient temperature

are not filled to prevent dangerous pressures. Cylinders filled with pressurized gases are filled
by the principles specified in the relevant legislation and are subject to weight control before
and after filling.

(5) It is mandatory to comply with the following conditions in the storage of pressurized gas
cylinders:

a) The relevant standard provisions are complied with in terms of protecting filled cylinders
against temperature changes, sunlight, radiation heat,uzanidity.

b) Filled cylinders are stored in quantities that will not create danger in workplaces. Cylinders
are kept in separate buildings or compartments resistant to fire for at least 120 minutes, away
from radiators and similar heat sources, and negessansures are taken to prevent the
cylinders from tipping over or rolling.

c¢) Cylinders are classified and stored according to the characteristics of the gas they contain,
and empty cylinders are collected in a separate place.

-) The pl ac ederswarb gored mustthave apgropiiate ventilation equipment and
sufficient doors.

d) In places where cylinders containing flammable pressurized gas are stored, the use of fire
and flammable substances is prohibited.

e) Warning signs are placed in the glaevhere the cylinders are stored [14].

Fire Safety Responsibility
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Article 124 - (1) The highest officer in public and private institutions and organizations, and
the owner or manager in other buildings, facilities, and businesses are responsible for fire safety
in structures, buildings, facilities, and businesses.

Determination of Fire Safety Officer

Article 125 (1) A fire safety officer must be selected from among the employees during
working hours. The officer is responsible for checking and ensuring that fire protection
measures are taken in the department he/she is resigoiosifrom the moment the working
hours begin until the end. In buildings subject to condominium ownership, the building
manager assumes this responsibility.

(5) The emergency teams6é duties and | ists of
places within the building.

b) The rescue team first rescues the living beings. Then, with the help of those present at the
scene and under the supervision of the office managers, if possible, they put the documents,
files, and other items to be saved firsthe fire into sacks and bags and make them ready to

be evacuated. If the building authorities deem it necessary, the sacks and bags are moved to the
parts of the building that are not yet in danger of burning. The general evacuation of the burning
building is started with the order of the fire chief or the highest civil servant who arrives at the
scene.

c) The protection team keeps the evacuated items and documents in a place indicated by the
security forces or building authorities and delivers therhea¢levant persons of that building
after the fire is extinguished.

-) The first aid team provides first aid ser

(5) The building owner, manager, supervisor, and emergency teams who are informed about
the fire must come to duty as quickly as possible and carry out the extinguishing, rescue,
protection, and first aid works [14].

General Education

Article 129 (1) The personnel of the emergency teams are trained under the responsibility of
the building owner, mamgr, or supervisor on fire protection, fire extinguishing, saving lives
and property, first aid activities, cooperation with the fire department and organization by
utilizing local fire departments and civil defense organizations, and their knowledgeilnd s

are increased through drills. The team personnel and other personnel in the building are given
practical training on how to use fire extinguishing tools and materials and how to reach the fire
department as soon as possible. Extinguishing and ew@cdaills are held in the building at

least once a year.

Private Education
Article 130 (1) For the managerial staff of municipal fire departments that do not have a fire

department training unit, basic training on civil defense is provided bytinge Ministry
Disaster and Emergency Management Presidency, and basic first aid training is provided by
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the Ministry of Health. All training expenses of these personnel are covered by their budgets.
Technical training of the managerial staff of the muypactifire department and basic and
technical training of other personnel are provided by their organizations.

(2) Training of fire department personnel in local administrations, public institutions and
organizations, private organizations, and osteuctures, buildings, and businesses that have
fire departments is provided by their organizations with their means, if necessary by utilizing
local fire departments and provincial disaster and emergency directorates that have fire
department training utd. These organizations can receive training services from private
schools, courses, and private teaching institutions that provide fire department training by the
relevant legislation [14]

CONCLUSIONS

Fire safety is a subject that cannot be neglectddequires constant attention. The precautions
mentioned above are of critical importance in reducing the risk of fire and minimizing the loss

of life and property in the event of a fire. Taking these precautions in both homes and
workplaces provides a safiving and working environment. Before industrial facilities are
established, information should be provided to employees and selected and assigned persons
regarding the use and storage of flammable and combustible chemicals. Risk assessment
studies shdd be carried out in units with fire risks by occupational safety experts in the
facilities.

Fire detection and fire extinguishing systems should be subjected to routine checks during use
and their operational status should be ensured. Another prectmutiertaken within the scope

of Occupational Health and Safety Law No. 6331 is that emergency drills should be conducted
and information and training should be provided within the facility. Emergency plans should
be prepared, precautions to be taken agjaimssible dangers should be taken and tasks should

be distributed among employees, and organized work should be ensured. Creating fire
awareness among all employees, gathering points, and fire exit routes should be determined in
a way that can be seentire event of a possible fire in the workplace, and suitable areas should
be determined within the workplace by creating a sketch.
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ABSTRACT

This study covers fire prevention activities to be carried out to prepare for a possible fire in the
Department of Chemical Engineering for ediaraal purposes. The necessary fire regulations
were examined and whether the preparations were sufficient. -fyygeLmatrix method was

used to determine the damage that would occur due to the fire in the offices and classrooms.
The risk value was deterned to be between 15 and 25, which constituted a high risk. In places
where the risk was high, first of all, the risk due to electric shock in the tea house where the tea
boiler was located was determined due to the electrical installation. In addigcnwias a fall

risk determination in the esite assembly due to the use of the projector in the classrooms. The
risk value was reduced to betweeb with protective and preventive activities to eliminate the
existing dangers. While the risk study wasrieal out, the precautions to be taken against the
fire in both the department and the Faculty of Engineering building were determined and an

effort was made to keep the damage to a minimum.

Keywords: Fire hazardeducatonal buildings, ktype matrix, ke standards
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INTRODUCTION

Some factors should be considered in the initial construction phase of the fire risk assessment
study in buildings. According to the purpose of use, building types, area, fire degree, fire
compartment area, and safe estdirs are the headings that should be worked on in advance in
case of fire. The equipment required for fire varies according to the purpose of use of each
building. Therefore, the connections of mechanical smoke exhaust systems, hydraulic
pressures of fe& hydrant systems, fire emergency lighting, and the integrity and interactions of
emergency alarm systems will be greatly affected. All these stages should be carefully
examined while conducting a fire risk assessment and old hardware and equipmenbeahould

reviewed. If necessary, these systems should be renewed.

In the literature review, it is seen that studies on the theory and application of fire risk
assessment are carried out, especially in England and the USA, and as a result, regulations for
applicdion have been revised. In England, the Fire Safety Engineering Practice Guide (BS
DD240), BS999, BS79%4, and PAS79 have entered into force and have started to be used in
practice. The relevant risk assessment methods and methods are determinedjulatienr.e

In America, the Society of Fire Protection Engineers (SFPE) and the National Fire Manual (BS
DD240), BS999, BS79%4, and PAS79 have been put into effect and are used in practice.
Later, the American Standards Association (ASA) published NFPABBILh sets out the
principles and methods of fire risk assessment. NFPA551 has established the general objectives

and acceptance standards of risk assessment [1,2].

Japan, Australia, New Zealand, Brazil, and Northern Europe have also started reséegch on

risk assessment. Among these, the Japanese government, Comprehensive Fire Protection
Design of Buildings; the Australian government, Austraie®6 (BCA96); and universities

such as Saint Paul in Brazil have conducted research on fire risk assessthbetped the
government to produce Fire Protection Design. In Turkey, there is a Regulation on the
Protection of Buildings from Fire, which was put into effect with the Occupational Health and
Safety Law No. 6331 and published in the Official Gazette26@35 dated 19.12.2007. It is

seen that various simulation programs and data analysis methods are used in fire risk

assessment studies [3,4].

According to the Occupational Health and Safety Law No. 6331, workplaces in buildings

where training is providedamely classrooms and offices, are classified as less dangerous.
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Here, the relevant managers must ensure that employees work in a healthy and safe
environment. The institution establishes its own Occupational Health and Safety team and

carries out studiesn the subject [5].
Some definitions are expressed below by the law:

Hazard: This refers to potential harm or damage caused by external sources that are present in
the workplace or may att employees or the workpladeactors that pose a threat of injury,
disability, or death, such as moving machine patésated machines, slippery floors, electrical

hazards, excessive noise, toxic or flammable substances, and heavy lifting [6].

Risk: The possibility of loss, injury, or negative consequencesltireg from identified
hazardslt can also be expressed nuinally according to the probability of danger in a specific

area [6].

Acceptable risk level: It is the risk level that complies with legal obligations and the

workplace's prevention policy and guarantees that it will not cause damage or loss.

Prevention: All planned and implemented measures aimed at eliminating or reducing

occupational health and safety risks throughout the workplace working period [7].
Risk assessment methods

The risk assessment study required to be conducted in working life by Law Bb.i$3
mandatory. There are two basic approaches in risk analysis in risk assessment study. The first
is the reactive approach based on the principle of identifying the causes of accidents and
seeking solutions so that they do not happen again after titemicoccurs as a result of the

risks, and the second is the proactive approach based on the principle of identifying the risks
of the system in advance before the accident occurs and reducing them or, if possible,

eliminating them [8].

Risk assessmenttise process of estimating the magnitude of the risks arising from hazards in
any system and deciding whether these risks are acceptable or not by taking into account the
adequacy of existing controls. There are many risk assessment techniques avadlgbRis&d
assessment techniques can be grouped into two main groups in terms of estimating risks, the
probability of occurrence of risks, and their possible effects. These are qualitative and

guantitative methods [9].
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In qualitative methods, risk assessmsrperformed with verbal logic instead of mathematical

risk assessment, and the expert performing the application evaluates the risks and risk priority
valuesbased on his/her own experiences and intuition. When calculating the estimated risk,
descripive expressions such as high, and very high are used instead of numerical values. This
estimate is based entirely on subjective assessments and often does not show a systematic
feature. In such methods, the intuition and reasoning ability of the expé&tnpeg the
assessment is important in terms of the reliability of the method. Therefore, it is not correct to
conduct risk assessment only with qualitative methods in critical systems. Quantitative risk

assessment methods use numerical methods whenataiguisk[10].

These numerical methods use probability and reliability definitions and can be in complex
techniques such as simulation models. In quantitative risk analysis, numericalvelgasen

to valuessuch as the probability ofl@zardous event occurring and the effect of the hazard,

and these valuemre processed with mathematical and logical methods to find the risk value.
The main purpose of risk assessment is to an
O0Whatauptrieocns shoul d be taken for wunacceptabl
and severity of risks in a facility does not eliminate the possibility and risk of an accident in

that facility. What is important is to be able to take appropriate contealsures for the

identified risks. As a result of correctly implemented risk assessment studies in workplaces,
precautions regarding possible hazards and necessary budgets should be planned, and these
studies should bring about improvements in working doh in the workplace and reduce

the frequency and severity of work accidents and occupational digé@seshe main risk

assessment methods are stated b§l&

Preliminary Hazard Analysis,
Primary Risk Analysis,

Safety Function Analysis,
Risk Map,

Occupational Safety Audit,
Occupational Safety Analysis,
Process/System Checklists,

Process Review Technique,

F F F F F F

Relative Rankingdow and Mond Indices Analysis,
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Risk Analysis,
What Happens If It Happens? Analysis,

Hazard and Operability Analysis,
Failure Modes, Effects and Criticality Analysis,

Fault Tree Analysis,
Event Tree Analysis,
Cause Effect Analysis,
Human Error Analysis,
Human Error Identification,
Human Reliability Assessment,
Human Error Rate Estimation Technique,

Hierarchical Task Angsis,
Management View and Risk Tree Analysis,

Energy Analysis,
Safety Barrier Diagrams,
Kinney Model,

Zurich Hazard Analysis,
Machine Risk Assessment,
Hazard Early Warning Model,

Deviation from Averages Technique,
Deviation from the WeighteAverages Technique,

Risk Assessment Table:

a) L Type Matrix
b) X Type Matrix
The most important difference between these methods is the unique methods they use to find

the risk value.

MATERIAL SAND METHODS
The L-type matrix risk analysis method, also knoas matrix risk analysis, is one of the

systematic methodologies widely used in occupational health and safety risk assessment. It
involves the evaluation of two factors to obtain a risk measurement value: the probability of a

risk occurring and the sevayriof its possible consequences [6].
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In mathematics, a matrix fermally defined as a structured arrangement of numerical elements
arranged in a rectangular array. However, its conceptual breadth extends beyond purely
numerical configurations to encompass abstract quantities amenableimialggperations

such as addition and multiplication. While various matrix typologies abound in mathematical
discourse, the itype matrix isparticularly emerging as a fundamental tool in the field of risk

analysis methodology [6].
Navigating Matrix Risk Analysis

Matrix risk analysis is widely used as a risk assessment method in our country due to its
systematic simplicity. This approach, which is widely preferred for low to med&km
initiatives, works according to the principle of categioigzthe probability and consequences

of possible events. The effectiveness of matrix risk assessment depends significantly on the
ability of the individual or team conducting the assessment to distinguish. Therefore, its
application to complex systems mgield erroneous results. Similarly, its results in simple
systems or processes may vary depending on the expertise and knowledge of the assessor. As
a result, its optimum use is reserved for simple systems involved in low to madium
initiatives. Beforestarting matrix risk analysis, the advanced examination can be achieved

through preliminary assessment using the checklist risk assessment method.

Within the matrix methodology, risk rating requires the multiplication of numerical values
representing th probability and impact of identified risks. In essence, risk is interpreted as the

product of probability and impact valuas repreented by the following Eq: 1
Risk = Probability x Impact (1)

To facilitate risk quantification and classification, preliminary development of probability
tables, impact tables, and risk rating tables is necessary. While a common framework adopts a
5-point rating scale for both probability and impact assessmentshdiee of an appropriate

rating system whether 4, 6or 10 points depends on the specific needs and preferences of
the assessor or the managing agency. Such flexibility highlights the tailored nature of risk

analysis efforts [7].
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CONCLUSIONS

In thecurrent study, the highest risk score recorded was 20.25, and this score was found to be
high due to the incorrect positioning of the fire extinguisher, the fire system not being active,
the hanging level of the fire extinguishers being too high off tbergl, the necessary materials

in the first aid cabinet not being visible, the fire detection button not working, the smoke
detection detector not working, the fire drills not being periodically carried out, the necessary
maintenance in the boiler room rming carried out on time, and the materials that prevent
access being placed in front of the electrical panels. Later, upon determining threskigh
levels, the necessary precautionary measures were implemented and these risks were reduced.
The risk leel was reduced to the range ob2by correctly positioning the portable fire
extinguishers, activating the fire system, making the fire detection button functional, hanging
the materials that should be used in case of need in the first aid cabinetetigeray plan

and the necessary telephone numbers in a visible place, the smoke detection detector working,
fire drills being carried out periodically, the ventilation fan being operated in the boiler room,
and the front of the electrical panels being @dar
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ABSTRACT

ZnO nanorod thin films exhibit unique functionalities due to their excellent properties,
including a relatively high surfaee-volume ratio, enhanced charge carrier mobility, and a
high absorption coefficient.heir functional properties can be further tailored by incorporating
transition metal dopants such as Co, Mn, Fe, and Cr. In this study, the effects of low Mn doping
concentrations (0%, 1%, and 2%) on the structural and electrical properties of ZnO nanorod
thin films were investigated. These films were synthesized via thgesapproach and
deposited on Pyrex glass substrates. To analyze their structural and electrical characteristics,
X-ray diffraction (XRD), scanning electron microscopy (SEM), engaligpersive Xray

(EDX) spectroscopy, and Hall measurements were employed. XRD analysis confirmed the
formation of a typical polycrystalline wurtzite phase with hexagonal crystal symmetry. SEM
observations indicated that the surface morphology of the saogisssts of nearly spherical
granular structures. EDX analysis verified the presence of Zn, Mn, and O atoms in varying
concentrations. Hall measurements demonstratdglpen conductivity in all samples.
Additionally, as the Mn doping concentration increaech 0% to 2%, the resistivity of the

films increased, while both conductivity and carrier mobility decreased. These findings
underscore the potential of Mioped ZnO nanorod thin films for negéneration

optoelectronic applications.

Keywords: ZnO, ZnO:Mn, Thin films, Crystalline quality, 4type conductivity.
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1. INTRODUCTION

Zinc oxide (ZnO) is a semiconductor material that has garnered significant interest due to its
wide bandgap (~3.37 eV) and high exciton binding energy (~60 meV), making it sugable f
electronic, optoelectronic, and senspplécations [1] ZnO has a hexagonal wurtzite crystal
structure and is known for its high chemical stability, excellent thermal conductivity, and good
piezoelectic properties [2] These properties make ZnO widalyplicable in ultraviolet lasers,
photodetectors, gas sensors, solar cells, and biomedidaiadipps [3]

The structural and electricgroperties of ZnO can be modified by doping with different
transition metals. In this context, manganese (NbpedZnO thinfilm nanorods have
attracted significant attention due to their magnetic properties. Mn doping can introduee room
temperature ferromagnetism in ZnO, making it suitable for spintronic applicg#dns
Additionally, Mn doping affects the optical gperties of ZnO, leading to a redshift in the
photoluminescerespectrum [5]

Various methods are used to produce-dyped ZnO thifilm nanorods, including chemical
vapor deposition (CVD), the hydrothermal method, thegeblmethodand spray pyrolysis
[6]. The hydrothermal method is particularly attractive due to itstéamperature growth
process and eeiendly nature [7] The solgel method is also suitable for largeea thirfilm
coatings and offers a simple, cestective production mcess §-10].

In conclusion, Mrdoped ZnO thirfilm nanorods represent a highly promising material group

due to their unique magnetic and optoelectronic properties. Research on their synthesis and
characteristics will contribute to the development of advanced spintrdevices and
optoelectronic components in the future.

2. EXPERIMENTAL PROCEDURE

2.1. Snthesis of MrdopedZnO NanorodThin Films
To synthesize Midoped ZnO n r
tetrahydrate (MnClI
monomet hyl et her (
(HOCH CH NH ) acted a

anorods, zinc chloride (.
L4H O) were used as Zn]
CH OCH CH OH) served as
s a stabilizer.

First, 12 mmol of <«<ndcfl Mm®@ld L 44aH%vergdssolndo,u nan d
separately in 15 mL of ethylene glycol monomethyl ether. The solutions were stirred at room
temperature for 30 minutes until cleard homogeneous. They were then combined in a single

flask under continuous stirring, maintaining the correct Zn/Mn ratio. Ethanolamine was
gradually added to adjust the pH to ~10, promoting better crystallization. The mixture was aged

for 24 hours befordeposition.

For film deposition, glass substrates were coated using a corgoutieolled dipcoating

system equipped with a vertical furnace. The
annealed at 550AC for 1 RBoOur in air wusing a
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2.2. Characterization Techniques

The stuctural, morphological, and electricpafoperties of the prepared thin films were
characterized using the following techniques:

X-ray Diffraction (XRD): The crystal structure and phase composition of the filme we
analyzed using an-Xay diffractometer withC&KU r adi ati on (& = 1.5406

Scanning Electron Microscopy (SEM) The surface morphology and film thickness were
examined using a fieldmission scanning electron microscope.

Scanning Electron MicroscopeEnergy Dispersive Xray (SEM-EDX): Elemental and
chemical composition of Mdoped ZnO narod thin films were accordingly carried.

Hall measurements Hall-effect measurements were carried out in the van der Pauw
configuration Ecopia HMS3000 at room tempexture.

3. RESULTS AND DISCUSSIONS
3.1.XRD Analysis

The XRD pattern®f Mn-dopedZnO thin films, with various doping ratios of 0, 1, and 2 %

Mn weregiven inFigure 1 XRD result exhibited thaheMn-doped ZnQGhin filmscrystallized

in the (200 oriented hexagonal ZnO crystakwtture[11]. Doping ZnO with Mn leads to
significant changes in key structural properties, such as the full width at half maximum

( FWHM) of peaks, peak position (2d), averag
d sl ocation density (Uu), and micro strain (U
(c) slightly increases with the addition of 2%& butthen decreases as the Mn content rises to

10%. The crystallite size follows a similar trend. Howevesiadiation density and micro strain

behave differently, showing specific changes when the Mn concentration reaches 2%. The
small increase in the lattice constant with 1% Mn suggests that Mn ions, with a larger ionic
radius (0.80 ), itsoutllterngthewwureite gtmuctu¢e0 . 74 | ) w

1200 |
-MA“L_“'# Zn0: 2 % Mn
.

Intensity (CPS)

800
i Zn0: 1% Mn
400 4
Zn0
0 y T T T T T
20 30 40 50 60 70

2-Theta (degree)
Fig.1 XRD spectra of ZnO nanorods with different Mn doping levels (0, 1, and 2 at. %).

The increase in crystallite size can be attributed to lattice expansion due to distortions around
the dopant atoms, which cassa mismatch in ionic radii and leads to an overall increase in
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crystallite size.The average crystal sgealculated according to the Tauc equateare
approximatelyl6, 22 and 2hm forthe 0, 1, 2 at. 2 % Mn doping levels.

3.2. SEM and EDX Aalysis

The observed variations in crystallite sizes align with the SEM firscliwdich are presented

in Figs. 2a-c for films with a nanorod structure. As depicted in the figure, the surface
morphology of the samples validates the formation of a grantdactere composed of
nanorods. It is evident that the crystallite sizes increasetladéanitial doping at 1% (Figb),
reach tleir maximum at 2% doping (Fi@c), and subsequently decrease with higher doping
concentrations, consistent with the XRD fesuThe root mean square (RMS) roughness of
the sample surfaces has been estimated to range between 50 and 100 nm.

(a)0at. % b)1 at. % and(c) 2 at. %.

EDX analyses confirmed the presence of Zn, Mn, and O atoms in the films, along with Si
atoms, as shown in Fig. 3a and b. As is well known, the Si atoms originate from the glass
substrate used. The measured atomic ratios of Zn and O in the ZnO filmappesgimately
75.65 % and 24.3%, respectivelyHowever, the EDX analysshowedhat the atomic ratios
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for theZn, Mn, and O are about 57. 75, 1.86, and 40.39 ate%pectively, aligning well with
values reported in the literature [12,]13

Zn0

Zn

Si | 7h

| s [ |

2.00 3.00 4.00 5.00 .00 7.00 a.00 2.00 10.00
ket

Countslx1.E+3]

80.0 (b) 2 at. % Mn-doped Zn0

50.0 Zn

Counts
=
-

n.o0 1.00 2.00 3.00 4.00 5.00 f.00 7.00 g.00 a.00 10.00
ke

Fig.3 EDX analyses of the (a) ZnO and (b) 2 at. % Mn doped ZnO thin films.
3.3. Hall Measurements

Hall measurements of ZnO and Mioped ZnO nanorod thin films, prepared via thegss|
methodin given in Table 1 provide critical insights into their semgicductor properties,
including resistivity, mobility, and conductivity.

Table.1 Hall measurements results of the undoped andddad ZnO nanorod thin films

Film Type Resistivity (. ¢| Mobility Conduct i vit{ Conductiity type
(cm?/Vs)
ZnO nanorod 11 1.6 x10* 9.0x 10
1 at.% Mn 10.3 1.9x10* 9.73x10 n
doped ZnO
nanorod
2 at.% Mn 10.7 1.8x10? 9.35x10" n
doped ZnO
nanorod

TheHall measurement®sults indcate that undoped ZnO exhibitaype conductivity due to
native defects such as oxygen vacancies and zinc interstitials [12]. Upon Mn doping, a
systematic variation in electrical properties is observed. At low Mn concentrations, a slight
increase in car concentration and mobility is noted, attributed to the substitutional
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i ncorporation of tbbude shaliovedorsr statesilibrashrenchsuggesisn

t hat while Mn doping can be employed to
incorporation may hinder charge transport, highlighting the importance of optimizing doping
levels for specific electronic applications.

4. CONCLUSIONS

XRD analyses of th@anorodfilms revealed that they crystallized as polycrystalline with a
highly (200}oriented hexagonal ZnO structuréth any secondary phas&O nanorod thin

film demonstated larger FWHMand a higher degres orientation along (200) compared to
Mn-doped nanorod thin film. However, XRD analyses confirmed a relatively higher crystallite
size as Mrdoping concentration increased.

Thefacd morphologies of the prepared Zm@norodhin films were investigated using SEM.

The obtained images indicated that the surfaces were nearly dedsbhomogeneous.
Furthermore, Mrdoped nanorothin films exhibited leger grain sizes compared to pure ZnO

thin films. SEM and EDX analyses confirmed the absence of any secondary phases or foreign
elementsn the ZnO and Mydoped ZnO nanorodsvith Zn, Mn and Oatoms being present in

the films. Additionally the detected silicon presence was attributed to the glass substrate.

Hall measurements show that undoped ZnO hgp@& conductivity due to native defects. Mn
doping alters electrical properties, initially increasing carrier concentration and mobility by
introducing shallow donor states. However, excessive Mn can hinder charge transport,
emphasizing the need for optimized doping levels.
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ABSTRACT

Recently, ZnS and ZnO thin films have attracted significant interest due to theirosuper
properties and wideanging applications in fields such as optoelectronics, catalysis, and
antibacterial coatings. To this end, ZnS and ZnO thin films were fabricated using-ted sol
dip-coating method to investigate and compare their structuraplasicatalytic properties.
X-ray diffraction (XRD) analysis confirmed that the produced films exhibit a polycrystalline
nature with a hexagonal crystal structure. Scanning electron microscopy (SEM) analysis
revealed that the films have smooth and homogensarface morphologies, with randomly
distributed, nearly spherical grains across the film facets. Eqtisgersive Xray (EDX)
analysis confirmed the presence of Zn, O, and S elements. The photocatalytic performance of
the films was evaluated using mgtgne blue (MB) as the organic dye model. The results
indicated that the photocatalytic activity of ZnO thin films was significantly higher than that
of ZnS thin films. This enhancement is primarily attributed to the superior crystalline quality
of ZnO thin films compared to ZnS thin films. These findings highlight the strong potential of
ZnO and ZnS thin films for effective photocatalytic applications, particularly in the removal of

organic dye pollutants from the environment.

Keywords: ZnO, ZnS, Thin filns, Photocatalytic activity, Methylene blue.
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1. INTRODUCTION

The increasing demand for efficient and sustainable photocatalytic materials has led to
extensive research on semiconductor thin films, particularly-lzased compounds such as
zinc sulfide (ZnSyand zinc oxide (ZnO). These materials have attracted significant attention
due to their wide bandgap, high stability, and remarkable optoelectronic properties, making
them promising candidates for various applications, including environmental remediation,
water splitting, and solar energy conversion [1].

ZnO is a weHknown ntype semiconductor with a direct bandgap of approximately 3.37 eV,
making it highly effective for photocatalytic applications under ultraviolet (UV) light [2]. ZnS,
on the other hangyossesses a slightly wider bandgap of around 3.68 eV in its cubic form,
which influences its photocatalytic efficiency by limiting absorption in the visible range [3].
However, the electronic structure, surface chemistry, and defect states of ZnS andyaO p
crucial role in their photocatalytic activity, and a direct comparison of these properties is
essential to determine their practical applications [4].

Various fabrication methods, including chemical vapor deposition (CVDgeaedynthesis,

and magetron sputtering, have been employed to producedpgiity ZnS and ZnO thin films

[5]. The structural properties of these films, such as crystallinity, phase composition, and
morphology, significantly impact their photocatalytic efficiency. Moreover,faser
modifications, doping, and heterojunction formation have been explored to enhance their light
absorption and charge separation efficiency [6].

This study aims to provide a comparative analysis of the structural and photocatalytic
properties of ZnS andnO thin films, focusing on their synthesis methods, crystallographic
characteristics, optical behavior, and photocatalytic performance under different light
conditions. By elucidating the differences and similarities between these two materials, this
research contributes to the optimization of semicondubtwed photocatalysts for advanced
technological applications.

2. EXPERIMENTAL PROCEDURE
2.1. Synthesis of ZnS and ZnO Thin Films

ZnS and ZnO thin films were prepared on glass substrates using ipel smthod. Zinc
acetate dihydrate (Zn(CH COO) L2H O0) was us:
while thiourea (CH N S) was employed as the
were prepared by dissolving the respective salts in a mixturdafatand acetic acid under
continuous stirring.The pH of the obtained transparent solutions was adjustedsing
ethanolamine. The final mixture solutis@msmixed with a magnetic stirrer for 24 hours under

room conditions. Thepreparedsolution was on precleaned glass substrates by-gel

immersion method &00 or400°C in airdepending film typg¢7-9].

The cleaned glass substrates were coated withprdgursor solutions using a egpating
techhique at 1 mm/s rpm for 10 min to complete one .sté@ coated wstrates were then
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dried at 300/40C f or 10 minutes and annealed at 500
sulfur-rich environmenat 600°C (for ZnS) to obtain crystalline thin film4.0].

2.2. Characterization Techniques

The structuralmorphological, optical, and photocatalytic properties of the prepared thin films
were characterized using the following techniquésay Diffraction (XRD): The crystal
structure and phase composition of the films were analyzed usingandffractomeer with
CukKU radiati on Senning Electrdn 4Micéoscopy) (SEMYhe surface
morphology and film thickness were examined using a -Behission scanning electron
microscopelUV-Vis SpectroscopyThe optical properties, including bandgap deteatiomn,
were studied using a UVis spectrophotometer in the range of BID nm.

2.3. Photocatalytic Activity Measurement

The photocatalytic performance of ZnS and ZnO thin films was evaluated by monitoring the
degradation of methylene blue (MB) dye und&tand visible light irradiationf-or preparation

of MB solution, 1.25 mg/L MM dye was dissolved in pure water with a magnetic stirrer in
room conditions. The solution was mixed until it sufficiently dissolved. The pH of the mixture
was regulated by NaOH\ccording to previous studies in the literature, MB shows the best
photcacatalytic activity at pH = 11 [J1A 10 ppm MB solution was used as the target pollutant.
The thin films were immersed in thgealsolution and exposed to a&w UV lamp.

At regular ntervals, 5mL of the solution was extracted and analyzed using aVisVv
spectrophotometer to measure the absorbance decrease at 664 nm. The ptiotocata
efficiency (d) was calcul ated using the equa

d =-(0CyK100.

Here, G and C represent the main absorption peak of MB and the intensity of MB before and
after photolysis, respectivelyThe experiment was repeated sevetiahes to ensure
reproducibility.

3. RESULTS AND DISCUSSIONS
3.1.XRD Analysis

The XRD results of ZnO and ZriBin films weregiven inFigure 1a and b, respective¥RD

result showed thahe ZnOthin films crystallized in the (002) oriented hexagonal ZnO crystal
structure. On the other handthe ZnS thin film samples crystallized in a polycrystalline
structure with a dominant cubic phase, accompanied by hexagonal ZnS crystal structures [7
12]. The nanostructuteZnOfilm sample exhibited a higher degree of orieiotatalong the

(002) direction compared to ZnBin films. No foreign phases or impurities were detected in
the XRD results, confirming the high purity of the syntheslzetthfilms. The average crystal

sizes calculated according to the Tauc equatimeapproximately25 and 12am forthe ZnO

and ZnS thin films
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Fig.1 XRD patterns of the (a) ZnO and (b) ZnS thin films

3.2 SEM and EDXAnalysis

The variation in the SEM surface morphologies of Ramoctured ZnS and ZnS thin films

are mainly depnded on the type of different chemicals and solvent used, were presented in
Fig.-2ab. It is observed that the nastructured ZnS and ZnO thin films exhibit surface
grains in the form of nanosphe#édse morphologies. The nanospheres appear to havee mor
homogeneous surface. The white islands on both film surfaces indicate regions enriched with
sulfur (S) elements. Additionally, ZnO nanospheres are larger in size compared to the ZnS
nanospheres. These finding aligns with the XRD analyses, which shanatanospheres

exhibit more intense XRD peaks, indicating a higher degree of crystallinity as proved by XRD
analysis.

Fig.2 SEMnonpattern®f the (a) ZnO and (b) ZnS thin films

EDX analyses revealed the presence of Zn and O atoms in the filngyatbrSi atoms (Fig.

3a and b). On the other hand, for the ZnS films it was observed that the presence of S rather
than Zn. As is well known, the Si atom originates from the glass substrate used. The observed
Zn and O ratios in the films are approximat@éhy.65% and 24.35%, respectively, which are
consistent with the litrature [13. Similarly, 50.10 and 49.10 % atomic ratios were found in

the EDX analysis of the ZnS thin films for the Zn and S elements.
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Fig.3 EDX analyse®f the (a) ZnO and (b) Zn&in films.

3.3 PhotocatalytidMeasurements

For photocatalytic studies, the photocatalyst dosage of ZnO and ZnS photocatalyst thin films
immersed in the MB solution was determined to be approximately 0.4 mg/mL. The pH and
concentration of the MBsolution were adjusted to 11 with 10 g/L sodium hydroxide and
distilled water. The distance of the UV LED lamp (64 W) from the MB solution container was
set to 3 cm. Additionally, the dimensions of all fitnpated glass samples in the solution were
adjustd t o 116 cm. The temperature of the MB
Prior to UV lamp irradiation, the MB solution containing ZnS and ZnO thin film photocatalysts

was stirred thoroughly with a magnetic stirrer and kept in a dark enviroriareé3@ minutes
to establish absorptiedesorption equilibrium.

The efficiency of ZnS and ZnO thin film photocatalysts was calculated using the formula [(C
Co)/Cq T 1 0 0oand\ hepresent ti optical absorbance values of MB at a characteristic
wavekngth of 664 nm before and after exposure to ightlradiation, respectively [14

The absorption spectra of the MB solution exposed to UV light in the presence of
photocatalysts at 3tinute intervals are presented in Figureb4a\s can be seen from the

figure, the intensity of the MB spectrum decreases monotonically over time. This is attributed

to the excitation of ZnS and ZnO thin film photocatalysts by UV light and the subsequent
formation of electrorhole pairs. While some of the excited electraat®mbine and return to

the valence band, the r e ma iathe sugace leagliogttatleen s r e
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Fig.4 Absorbancef the (a) ZnO and (b) Znghotocatalysthin films under U\tlight.

Using the photocatalytic efficiency formula mentioned above, the efficiencies of ZnS and ZnO
thin film photocatalysts were calculated to be approximately 42% %#td @spectively, after

150 minutes. This result is consistent with the literature; however, slight variations are observed
due to differences in photocatalyst quantity and MB concentration compared to other studies.
Furthermore, the UV LED lamp used indfrstudy has relatively low power and intensity.
Despite the lower photocatalyst amount and lower intensity light compared to other studies,
the MB degradation rate was still found to be significantly notablectwis an important
outcome [15, 16, 17

4. CONCLUSIONS

XRD analyses of the films revealed that they crystallized as polycrystalline with a highly (200)
oriented hexagonal ZnO structure, whereas ZnS thin films exhibited a dominant cubic structure
along with a (002priented hexagonal phase. ZnO thims demonstrated larger crystal/grain
sizes and a higher degree of crystallinity compared to ZnS thin films. Moreover, XRD analyses
confirmed the absence of any secondary phases in both types of films.

The surface morphologies of the prepared ZnO andtAmSfilms were investigated using

SEM. The obtained images indicated that the surfaces were nearly dense and homogeneous.
Furthermore, ZnO thin films exhibited larger grain sizes compared to ZnS thin films. SEM and
EDX analyses confirmed the absencermf aecondary phases or foreign elements in the ZnO

and ZnS nanostructures, with Zn and O/S atoms being present in the films. Additionally, the
detected silicon presence was attributed to the glass substrate.

Photocatalytic measurements showed that thea@bsorption of methylene blue (MB) under

UV light decreased over time in the presence of ZnO and ZnSilthiphotocatalysts. This
reduction was attributed to the gradual degradation of MB within the solution. Furthermore,
photocatalytic measurementstdts indicated that ZnO exhibited higher photocatalytic
efficiency against MB compared to the ZnS catalyst. The observed high efficiency of the ZnO
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thin-film photocatalyst was associated with its high crystallinity and active surface area. The
obtained fndings are consistent with the literature, suggesting that ZnOfilthin
photocatalysts hold greater promise for photocatalytic applications.
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¥ZET
Fosi | kaynakl arénén neden ol duj uhidejer(kb)nl ar a
temi z enerji kayndje@diol arHaldr dij elhatn sakmek ol

yaneéedepol ama ve Barémmaésgeuprblveannten | ameml iba
gelmektedirS°® z konusu daretzad amatdesg lIhdiéd&d oj eni n katé o

met al lyelntektedirBue r- al é k mada met al hidr¢grl erden |
(KBH4-PBH) hidrolizi, Ru k & EwpeérditeCM Qalimarik destek al i z °
malzemesi | e el de edi | e katalkikahidmlizleaz-°er] av a-rél kég meenhdiadhr o |
parametreleri ncel endi . Kataliz®°r sentezinde emdirn
atmosferinde kueukt dhatKa&ti &lml 21 gent ezinden s
KOH konsantrasyonu, farkl & kataliz©°r mi ktar

potasyum borhidrg¢grén kat al iet atkkeri inceleldr. ®Il-i zi nde
CoFe@ECM Kkatalz r ¢ v a r PBHjhidrolid agtimum 30°C6de % 0 KOH, 4 C
katal i z°r svvaer |% j26 nkdBaHk i hidrojen ¢retim hézén

Anahtar Kelimeler: Hi dr oj en, Kat al i zRwWCoFe®@ECMasyum bor hi
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1.GKRKK

Gée¢nlakamda ve endgégstriyel uygul amal arda tem
karkéelamak i-in hidrojene olan il gi géenden
depol anmasé sorun ol duj undaim(NdBHi, €BHELIBHR u s or u
NH3BHsz gibi.) k ul | arPémel a-rék Bakt ad &@ranal%kzadlil ibkdrehi dr ¢r
NaBHs ve KBHs° n&r akd &lranmaén yapt ép & ma kBanurtd selrehsd ar d a
katalitik olarak kol ay kont r ol veéuhunlabitiktel me | er

akajedaki reaksiyonda g9Ygskeerkl smafdekkhbermdeano
mol ¢n¢gn sudan gel medHeri Rnemoahiezdregmehkt edkr ] i
ol mamas é s0wen N@a BLHIG.¢8n, iKsBeH y aalf 1éa d &kk - % |Haimmhrscej e n

°neanéebkitnemljieravantaj [1Q€]l arak séralanabilir
KBHs +2HO0 Y KBa@+LY (2)

Burada KBHs e-i |l mesi ni n(SBHebz2drn i, n eNa-Bdekp é-l arlaéskemmaa Kk a
KBHshi drol i zi il e yaBalnam]l-aalbéd kwnra lkare kPaBsHé thli &d
ésé miktarée SBHOe g°re az ol masé, depol ama \
ge°r ¢l mektedir. PBH hi d@dyolmezial i -kiart a$ 06z ° g h ;man
-al ekxmal ar yapeéeldéejé bununl|lke) bt al éekmal @greén K
ol duju gor ¢l megktgr . Bilindif]i czere soy me
katal i z°r |l ers énnhledemektediBmaaaneé-in hemimahiyet
soy metall erl e birlikteé gar them rdeeatietalletine r i ni r
topakl akmasénén engellemek i-in destek mal z
metall erl ezbmrktitda-skyametallerin kullané
yaparak sentezl enenvikeatsalniiz %&b tDestékanidzehaediteirk a
ol ar ak pol i mer mal zeme ol an Eupergit CM 25
g°®zenesku iMed kgsitl ere karké dayaneéekl él éj e, -0
-ekmektedir.

Bu- al ékmada; Eu p ekopiedilenCdM we eFeneetdal | eriyl e
miktarda Ru metalinin eklenmesiyle elde edilen-Ro Fe @ECM Kk atl &lj iémndrak i v
PBH® hidrolizi sonucu elde edilen hidrojen v

konsantrasyonlaré sonucu optimum miktarl ar b

2DENEYSEL C¢ALI kMALAR

KatadmehAte2nce- Feetld®olmd e - °aCpmeétglikklemdndalsao nr
sonra Ru metali eklendikten sonra belirli miktarda Eupergit-Z3@ konularak metallerin
destek mal zemesi ¢ Z eI saatuel tiryaiscoen i ekm dbi Bunagkonyeas i b éi
opti mum met al5/l00 elacekEk rdoeamtte zI|l enmi Kt i r . Daha
uzakl ak midGoe@d -s$ amaté Omarnéyceét d ak kkaarréekkttéér el ar ak -
el de edil di . dalhde sedhirlae rd akmert datnaamiad éAs d g hdab 0
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bu karékém sojué& pavawrbaambi-Bizeen 8@ smlLy6].Nea B Hh d i
Kndirgemeden sonra, kataliz®°r 1iki kez damét é
80°C' de 6 saat boyunca nitrojen altéenda kurum
hidro i z i ger -eklexktirildi

Pot asyum Ikaatiik hiddolizgepkgmesi sonucu e, r e tn mii md edeneysal i | i
-al ek maG°srissatl edneik | Katglitikdhidrdlizd ¢, z es @ ¢ a k| €k skag n taryaln
sirke¢l asyonnhaun yseut ibke olydoresdudetieéelsingirveg az ge-i Kl er i
g°revbagllaaant € hort umlBudgomildeaork ot ik mtaghp laadma k t a
g°rev cddmakManyetl & &ar kgl alsdpobzaeplkimel&rininhgr o st at
bir katalitik hi d r o | istandaitk-airnt | agenl ekhdameamakt adeéer . C
silindira- €] aHrgakanén °d%r,é measlChalst@ed diagakik hidroliz

sistemm nden yarkarolnamelt a reeadimaen aPly-ag éadmd eefleri veri

t abl oilkalreénnear aika yt reerktignieég é mmaekkee k t i r i |

Gor 4&Pbtasyumhbarhildrzgnt epki mesi sonucu a-€&ja -¢€k
i -in kullanélan d¢zenek

3.SONU¢ LAR WVERIDENDKRME

Al kal i borhidddidijFiPreéni lhedirolkiene ol dukl ar é
aralejéenda ol malaré gerekir. Burada hem -°2ze¢
kataliz©°r kontroll ¢ ol abi | madaiKOH eklenerek-Rt z el t i

CoFe@ECM kataliz°r¢neéegn PBIGYsklRddel vz2GT gdere Kt nhe .
ger ¢l eceji czere KOH konsantrasyonu arttek-.
hezéeneéen dmngeomektpdyg. g° z 1l e

157| Page



L
ra

AVRASYA 12th INTERNATIONAL CONFERENCE ONAPPLIED SCIENCESFebruary 14 16, 2025 Tebriz
ISBN 978625596226-3

400 4—"— % 0 KOH
e % 1 KOH - °®
—4—9%2.5KOH .
// ,'.VV

3300 4 P °
g M e
- |
g S e
o p | Y
= 200 - ,I/ ’/."
g ' P
- — A ®
E ; . s
= M

100 ..f p o

w,®
f/o. _A-A-A
AAA
0 T T T T T T T
0 10 20 30 40 50 60 70 80
Zaman (dak.)

G°r g¢€&drkk KOH k ons aHKBHeh@armsligimnhudurmj en ¢reti(f® ¢zerio

mL -°zelti, 30 AC, 20 mg Kataliz°r,
Bakl ange- hezl arénén farkl é& & OHS éktoen svaertirlamiyl
Gordend g°r¢lde]jé¢ ¢zere % 0 KOH 8289nlLf@gdke ndak.i
ol duju go°r ¢l mgkkgr. akBmadandaskoinrdeneyl er %
ger-eklexktirilecektir
8269

P

gkat.dak

Hidrojen Uretim Hizi (mL

%0 % 1 %2.5
KOH

158 Page



CONFERg
e &
&7 Vs

AVRASYA 12th INTERNATIONAL CONFERENCE ONAPPLIED SCIENCESFebruary 14 16, 2025 Tebriz

— Y

G°r 8&€&Ehr kil e

ISBN 978625596226-3

K @aslyorkirukBHahni dr ol i zi ni n

hiedeoj eadekt etei kK

(10mL-°zelti, 30 AC, 2§ mg Kataliz°r, %
Katalitik hidroliz tepkimelerinde °neml. bir
hezéna etki &6?r.si@8c°€l eeami atkhré katal iex®ri rddreink
katalitik tepkimede a-éja -ékan hidrojen ga:
Goradend g°re¢l degj ¢ é¢zere kataliz°r konsardtéerja&sy
ge°r ¢l mektedir. Yani katabigeesi mi kt acval def eéef
400
V/X/A .. i o
v/'A @ -

g = v o* | -

z W S

& v/ o Ll

= 200 - S

= v/

2 A o -

'E X yo'...

E‘ VA o u”

100 A oy —u—20 mg

| " e 30m

A ou g

B A—40 mg

v— 50 mg

O 1 I 1 I 1 1

0 10 20 30 40 50 60
Zaman (dak.)

G°rdg€hrkl é katal iPDYrasdeam wiomlheé dirrgirn hi dr ol i z
Téem veril eG° adgmied rod jaermkegretim hezl aG%rmeeenl kat
bakéel dejénda dur umuéan &lamad é jz& rygamri Kkl4rde ketigea dkilara .ja
varl|l éjendaki hi dr oj en g.dk rkeatdiam h-eézk& reg ne , 8 8d0a8

konsantrasyonl ardaki
g%zl emlenmi Kt4i%zelBwinulnaak @& oza® md ¢nkieknt akraétg e n

hézénén

azal[fmaseéeyl a

katal i z°r zemiéeknt ardérkad a; ]
art

P lgi i dir

159| Page



L
ra

AVRASYA 12th INTERNATIONAL CONFERENCE ONAPPLIED SCIENCESFebruary 14 16, 2025 Tebriz
— ¥ . ISBN 978625596226-3

10000

8808
8269 8400 8368

8000 —

6000

4000 —

2000

Hidrojen Uretim Hizi (mL.gkat.dak.")

20 30 40 50

Katalizér miktari (mg)

G°r &btasyum bor hidr¢acgkkaltéaildrze®Iri adiersxknudwer i ni n
karké et ki si

En son adeéCuodrre @QELM Ruwa tkaaltiazl®irt¢einkeenp s mb o t makmas én
mi ktarée ve sabit sécakl ekta farklée PBH kons:
tepki mesi nde Gt®e sHtd lag kil leémiKBH r kongeme ki agyoni &

katalitik tepkimeye aitémér]jRBHEkmnmdhli domoareé
g°ster nzkrtGeedc el e PRIHG g m dteg m dya k Ikdanaiéblg ez 8 d é n
-ékt PHH dveer iakritmimansiény |l a el de edil en hidrojen h
4 4
/ o At u
o o A ’v
/ ./ 7 P4
/ / A
E o1 ,. j /'/ v v
wn / o /A
) / / 4
g = A ) 4
= / %
’:N2- l/ /»'. /," v
2 /-/ * X
E /8 & N
I —=—% 1 KBH,
1 /'_.‘/A/’",v' —e— %2 KBH,
ad —A— %3 KBH,
f —v— % 4 KBH,
0 T T 1 T T
0 10 20 30 40 50

Zaman (dak.)

160l Page



CONFERg
e &
&7 Vs

AVRASYA 12th INTERNATIONAL CONFERENCE ONAPPLIED SCIENCESFebruary 14 16, 2025 Tebriz
ISBN 978625596226-3

Gor &6€&lar kl e KBH4 skkaomd armrhei dvraajl e égqmrdeatkiimi ni n  z aman
de, 40 mg kataliz°r, % 0 KOH ve 10 mL -°zelti).

Ak ajveriteaG® raeleil dr oj en ¢ rRBH komantta8yp| ar énang®°re gr
SBH opti mum konsant r aisdyroon uennu n¢ r%30 Cmde,dhdehgué nvéen h
katal DzKOH %e 10 nmhl/dakYQrkawoll tdiu)] u8 8 @EDrachlameykstkesdeikr

konsantrasyonlarénda ise hidrojen ¢Bwmtni m heéz
nedeniHla - éj a - ékkapemdaabor at én vi sk oz-iétkeéskieéennién
engel l edij[B9.s°yl enebilir

10000

8808

8000

6000

4000

2000

Hidrojen Uretim Hizi (mL.gkat.dak.™)

1 2 3 4
KBH, (%)

Ger 3 &hbr kl &K okiBtAntrasyonl arénén hidrojen ¢r e

4.GENELDEJ ERLENDKRME VE SONUC¢LAR

Bu -al ekxkmadmet bki km&taalkienhién Rpol i mer dest ekl
borhidrg¢grdeki hidroli zi incelenmi kKtir. Bur a
oran®n®nmet al % 95 destek ol dujobComRBHG®M I en mi
hidrolizinin RuCoFe@ECM katal z ° r ¢ vede édéefhé@ mddaoj en hacmi ni n |
konsantrasyonl ardaki optimum KOH konsantrasy
opti mum mi ktar éneéenomda nrgr, a svyeo flaarkd red aPkBiIH &kp t i
KBHs o0l duj u di é snpiktt i e. Opt i muimd rvoejrein B & B8BE8&Kiénm € m @
mL/ g. min ol ar@& ezl & | lkatma Ikita 0 | eec 8 a@ae | ie-nari €
kataliz°rlerineit2e@0ivedd goHd kgPa @ & a2 d(EOHA. iBu

- al eak nga®dr ¢ | 8BQ8Ml/g.dghbbeér i mi - al ékmanén -iojki niyi s
g°ster mEidrojemdirre.t i mi veya dijer katalitik pr
-al ékmakbkreantgapksi k sonu- | idlmektedret i ce verecej

161l Page



CONFER,
W e,
iy &,

AVRASYA 12th INTERNATIONAL CONFERENCE ONAPPLIED SCIENCESFebruary 14 16, 2025 Tebriz
ISBN 978625596226-3

KAYNAK ¢ A

1] C. Tarhan and M. A. ¢il, AA study on
st or age Jnbmdrdy Stdragerob 40, no. 102676, p. 102676, 2021.

2] P. Preuster, A. Al ekseev, and P. \Oe

[3]

[4]
[5]

[6]

[7]

[8]

[9]

[10]

[11]

[12]

future eneAngw Res. ChemeBiomgl.&ngvol. 8, no. 1, pp. 44571,
2017.

Y. Kojima and M. Yamaguchi, AAmmoni
hydrogen anke ner gy Intat Hyidregers Enérgyol. 45, no. 16, pp. 1038
10246, 2020.

M. Pozzo, D. Alfe, V. Zr, and C. Pd,
me t a | Intdrratjonaljournal of hydrogen energyl. 34, no. 4, pp. 1922930, 200¢
C. Wang, Q. Wang, F. F u neraton dponDhanocAtalytz
hydrolysisof hydrogem i ch boron deri vat i Ace €hem.Res
vol. 53, no. 10, pp. 2482493, 2020.

E.Onat 0N Sy nt he sataystsupporéed lwy grphdnd oxide modified perlite
itsapplcati on on the hydr ol ySgnthstic Metals\v®lo306
2024.

¥ . kahi n, S. Ekinci, M. S. Kzgi, an
production from hydrolysis of potassium borohydride with a new and acthoadd
catal yst synt hesi antechatidnal Jowgrrraleoé HydrayennEnds
2024.

F. Y. Zhu, C. H. Fang, Y. Fang, Y.
aqueoup ot assi um met d.MolrSauctevol.sl@70, ppt 8085,2014.
L. Laversenne, C. Goutaudier, R. Chi
in borohydrides comparison of hydrolysis conditions of LiBH 4, NaBH 4 and
4 ,Journal of thermal analysis and calorimetrgl. 94, pp. 786790, 2008
F.A.Celiketa, fiHydrogen production mecha&@
g-C3N4 (X= precious and neprecious promoter metals) catalysts from KE
hydrolysis under s¢ss loading and atmospheric pressure: Experimental analys
mole cul ar dy n a nbiamed angRelatedaviatbrialenl. 149, 2024.

D. Kel én - a n d -S&hiff Bdsea ¢omplex cataljdein KBH4 hydroly
reaction f or hyndd. bygregen Emergwadl.ul4, hol 34, pp. 6884
18857, 209.

D. Xu, H. Wang, Q. Gu o, and S. JiiB, Caif
BandCoNiiB i n hydrogen gener atHRHuaeRrocdsy. Telohyg
vol. 92, ro. 8, pp. 16061610, 2011.

162| Page



CONFERg
e &
&7 Vs

AVRASYA 12th INTERNATIONAL CONFERENCE ONAPPLIED SCIENCESFebruary 14 16, 2025 Tebriz
ISBN 978625596226-3
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ABSTRACT

In this study, a simulation was conducted using the ANSYS software to determine the
temperature values and distributions that will occur in each layer of a monocrystalline
photovoltaic (PV) solar panel generating 70 W of power.thkemal analysis was carried out

for a rectangular structure with a total of 36 solar cells, arranged in 4 rows horizontally and 9
rows vertically, with dimensions of 1153 mm in length and 558 mm in width, based on the
dimensions of a real PV solar panghe layers of the PV panel were designed using 6 different
materials (ethylenéetrafluoroethylene, ethylene vinyl acetate, silicon, plastic, adhesive, and
carbon fiber composite polymer), resulting in 7 layers. The thicknesses of the top, encapsulant

1, solar cell, encapsulant 2, bottom, adhesive and support layers forming the PV panel are
designed with dimensions of 0.28, 0.20, 0.15, 0.20, 0.20, 0.20, 0.13 and 2 mm, respectively.

For the designed PV panel, boundary conditions were determined undesuhgtasn of

25AC ambient temperature, 1000 W/ m|] solar r;
Therefore, the boundary conditions were set
W. Additionally, since heat transfer occurs through conductiomyexiion, and radiation in

the PV panel model, the calculated boundary conditions were applied to the analysis. As a
result of the analysis, the highest temperat
solar cell layer. This is because the exigkthe layer are connected to the support layer, and

the support layer, which is in contact with air, results in cooling. This analysis provides an
insight into how temperature develops along the solar radiation path. As a result, the study
investigatechow the design parameters affect the efficiency of the solar cells.

Keywords: Solar panel, heat transfer, thermal analysis, conduction heat transfer, radiation.

1.INTRODUCTION

The recent developments in production technologies have led to an inoréasel@mand for
energy production. In the early stages, energy production was provided through the use of fossil
fuels( Ar € & Y é.l[Hawaewr, in r2dert y3ears, due to the rapid depletion of fossil fuels
and the environmental damage they cause, the use of innoaatvecefriendly renewable
energy sources for energy production has increased. Research on reneerglyls@urces has
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been steadily growin@Barichello, et al., 2024Nwokediegwu, Ibekwe, llojianya, Etukudoh,

& Ayorinde, 2024. As a developing country, Turkey's need for energy resources is increasing
day by day in parallel with itgrowing population an@&conomy. Given its current energy
structure, Turkey, which is approximately 75% dependent on foreign energy, seems to have no
choice but to reduce this dependency through renewable energy sources, making it a necessity
rather than greference. In theirtgdy, Tutar and colleagues have revealed and analyzed
Turkey's current renewable energy poter(ffaltar & Atas, 2022)Uslu and colleagues have
examined the applications of renewable energy in retail trade and transportation services in
recent yeargUslu, ¥z demi r, Y&l d éAdditronally&accérding tokhe fir2 0 2 4 )
law of thermodynamics, energy can neither be created nor destroyed; however, existing energy
can be transformed into another form. In light of this law, it can be stated that eettggy

types we use are the wdisof the transformation of another energy fdivetkin Yesil & Palta,

2022)

Photovoltaic solar panels, known as the leaders of renewable energy technologies, have the
ability to convert solar waves, the most importantrgnesource in the world, into electricity.
Compared to dter technologies, the use of monocrystalline silicon panels in systems designed
for converting solar energy into electricity is becoming increasingly widespread. There are two
main issues regardingé performance of solar panels. The first is low efficyerTo increase

low efficiency, the metallurgy of the solar panel needs to be modified. The second issue is that
the panels reach high temperatures while operating, which leads to a decrease in their
performancgHudedmani, Soppimath, & Jambotkar, 20$mhgh, Trivedi, & Mishra, 2021)

To improve performance, the temperatagan be reduced by providing a cold air environment

for the solar panels, thus overcoming the probl8hah & Mehta, 2021)n their study, Leow

and colleagues used ANSYS simulation software, which employs the Finite Element Analysis
(FEA) method, to investigate how tiperformance of solar panels would be affected under
four different wind speeds (0 m/s, 0.43 m/s, 2.5 m/s,and6/94 Leow, ve dijerle
Moiseev and colleagues conducted a simulation study in ANSYS to determine the thermal
parameters of a solar panel at a pilot fgcilAdditionally, the pivot panel was constructed

from three layers: tempered glass, encapsudent,solar cel(Moiseev, Shishkov, Berseneva,

& Osintzev, 2022) In our study, the thermal analysis of a PV panel, consisting of upper
encapsulant 1, solar cell, encapsulant 2, lower layer, adhesidesupport layers, was
performed.

The paper is structad as follows: Section 1 introduces the content of the topic and presents a
review of related literature. In Section 2, the design and analysis processes of the photovoltaic
solar panel used in the dipare detailed. The analysis results are preserdakulilated, solved,

and explained in Section 3. Finally, Section 4 presents the conclusions.

2. MODELING AND THERMAL ANALYSES
2.1.Designof PV Solar Panel

In this study, a monocrystalline photovoltgiRV) panel with 36 cells and a maximum power
output of 70W was designed, and its thermal analysis was conducted using the ANSYS
software. The initial phase of the thermal analysis involves the design of the PV panel's
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geometry. Prior to constructing theogeetry, it is essential to note that the panel corapris
seven layers. The characteristics and thicknesses of these layers are presented in Table 1.

Table 2. The layers and properties of the PV panel

No Function Material Thickness Layers Image
(mm)

1 Top layer ETFE 0.28 FRAMEWORK

2  Encapslant 1 EVA 0.20 Q/

.

3 Solar cell Silicon 0.15 \“"//

s oA,

s
4 Encapsulant 2 EVA 0.20 p———

45‘]'/—4—2
5  Bottom layer PET 0.20 B
P T
6 Adhesive Tape 0.13 W
— N
7 Support Carbon Fiber 2 ~7.Layer
Reinforced

Polymer (CFRP)

According to Table 1, #first layer of the PV panel is the topmost layer mafdEthylene
Tetrafluoroethylene (ETFE), a plastic polymer material commonly used instead of glass. In
this study, the thickness of the ETFE layer is taken as 0.28 mm. The second layer is made of
Ethylene Vinyl Acetate (EVA), a highly transparent matexath a thickness of 0.20 mm. The

third layer is monocrystalline silicon, with a thickness of 0.15 mm. Below the monocrystalline
layer, the fourth layer is another EVA layer, and its thickness is teggeal to that of the
previous EVA layer. The fifth layes known as the back protection (PET), an insulating plastic
layer, with a thickness of 0.20 mm. The sixth layer is an adhesive layer, with a thickness of
0.13 mm. Finally, to provide structural fagt to the back of the panel, a Carbon Fiber
ReinforcedPolymer (CFRP) layer is used, with a thickness of 2 mm. As shown in Figure 1, the
actual PV panel consists of a total of 36 solar cells, with 9 cells vertically and 4 cells
horizontally. Each solaretl is assumed to be of equal size, 123 x 123 mm, with mm gap
between them. The geometry of the PV panel in ANSYS was drawn based on the real
dimensions. Additionally, the distance between two solar cells is taken as 2 mm, with a 15 mm
gap at the topnd a 10 mm gap at the bottom.
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| ﬂ@ L.

Figure 1. a) Real PV panel b) solar cells in ANSYS c) all layers in ANSYS

After the geometry of the PV panel was designed, the second phase of the thermal analysis
involved defining the requirechaterial properties for each layer of the solar panel.

2.2.Material Propertiesof PV Solar Panel

Initially, the thermal processes occurring on or within the solar panel are based on the four
equations presented between Equation 1 and Equation 4. Ttwseduations provide
information about the material aitd required properties for heat transfer to occur within the
layers of the PV panel. The first method of heat transfer in the PV panel is conduction
(Conduction). The Fourier principle, as showiEguation 1, is used for this method.

Fourier principlel  'Q6— (1)

Here, the material's thermal conductivity coefficient is denoted thelsurface area by, and

the temperature by T. Accarmg) to Fourier's principle, heat transfer occurs not only between
layers but also within the layers themselves through conduction. The second method of heat
transfer in the PV panel is convection, ahnis the transfer of heat through a fluid (liquid or
gas). For convective heat transfer, Newton's law of cooling, as shown in Equation 2, is used.

Newton's principled "® "Yo "& (2)

Here, the convective heat transfer coefficient h, surface areafAcstemperature of the layer

Ty , and ambient temperatle arebrepresented by their respective symbols. Furthermore,
heat will be transferred by convection from the ETFE and CFRP layers to the surrounding air.
The third heat transfer method in the PAhpl is radiation, which is the transfer of heat through
electromagnetic waves. For heat transfer by radiation, the Seltamann Law, as shown in
Equation 3, is used.

StefanBoltzmann principled , | 8Yo "¢ (3)
Here,the StefarBoltzmannconstati (5. 67 1 10 WA, emjiskiity of , sur
the | ayer ¢ (taken as 0.89), surface TEmper a
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are represented by their respective symbbihe final equation used for thermal processes
occurring on or \ithin the solar panel is the thermal energy change equation, shown in Equation
4,

Thermal Energy Change Formula: & codT (4)

Here, m represents the mass of the material, cpeisplcific heat capacity, and is the

change in temperature. This equation describes the energy change that occurs as a result of an
increase or decrease in the heat within a system. This change is typically dependent on factors
such as the temperaturéference, the type of material, mass, and specific heat capacity.
Therefore, all the necessary properties required in the simulation are utilized in these equations.
The material properties of the layers used in this study are presented in Table 2.

Table 3. Material properties of PV solar panel [8]

Meterial Density Thermal Conductivity Specific Heat Capacity
(kg/m3) (W/m.K) (J/kgK)
ETFE 1730 0,24 1172
EVA 945 0,35 2090

Solar cell 2330 148 700

PET 1350 0,275 1275
CFRP 1490 6,83 1130
Tape 1012 0,19 2000

2.3.ANSYS Thermal Analysis and Connections Types

ANSYS providedive different types of connection method$iese are as shown in Figure 2.

/@] Contacts
B, Bonded - ETFE To Eval
» 'l,\ Bonded - Eval To Multiple
B Bonded - Multiple To EVA2
B, Bonded - EVA2 To PET
B Bonded - PET To TAPE
B, Bonded - TAPE To CFRP
oo B Bonded - CFRP To FRAME
F”C“O N a| + ¥, Bonded - FRAME To TAPE
~ B, Bonded - PET To FRAME
B, Bonded - EVA2 To FRAM

R 0 Ug h v '!R Bonded - Eval To FRAMI

a) B, Bonded - ETFE To FRAM b)
Figure 2. a) Connectiorsin ANSYS, b) contacting of solar panel

These connection types are used in both mechanical and thermal analyses. Since there is no
difference in the connections while performing the thermal analysis of the PV panel using the
finite element method, no difficulties were enntered.The first type is a bonded connection.

In this case, if the contact regions are bonded, no sliding or separation between faces or edges
is permitted. A neseparation contact indicates that the target and contact surfaces remain tied
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throughout theanalysis, though sliding may still occur. A frictionless contact refers to a
scenario where the coefficient of friction is zero, allowing for separation between bodies and
free sliding.

In this case, the two contacting geometries can transmit shear dpreescertain magnitude
before they begin to move relative to one another. Finally, rough contact represents a
completely frictional, rough contact with no sliding allowed.

The connections of the solar panel we designed were made as 12 units, driteafi are
bonded type, as shown in Figu2é\fter the connections of the solar panel were made, the
mesh generation phase was initiatedhtamesh section, each edge was divided into segments
of 0.007 m, resulting in a total of 94,038 elements and 884y0desThe mesh visualization

of the solar panel is shown in Figi8e

Solar panel

L .
Mesh of a solar cell

0,000

0,125 0,375

Figure 3. Mesh structure of thePV solar panel design

According to the numerical results of the mesh structure analysis shokkigures4, the
averageskewness quality is @2, and the average orthogonality quality has reached a value of
0.99, as shownThese values indicate the high meshing quality used in this study.

[—s—re20 ——Hex ]
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Figure 4. Mesh average a) skewness feature, b) orthogalrfeature

0,00

b)

In a PV panel system, the thermodynamics theorem is used (the energy entering the system is
equal to the energy leaving the system). As shown in Figure 5, when sunlight hits a PV panel,
some of the light is reflected back into the environmé&his is due to the reflectivity of the

first PV layer and is known as optical radiation loss.

Reflected
Radiation (Qreft)

Qgen=QsolatQref+Qtop,loss+Qbottom,loss)

Generete

energy

(@ gen)
Figure 5. Heat transfer in a PV panel

However, as long as there is wind speed, convective thermal loss occurs. These convective
lossedlow out from both the toand bottom surfaces of the PV. In addition, a radiative loss
will occur due to the temperature difference between the PV and the environment. Also, the
energy produced is energy converted from temperature to electricity. tAksé¢ energies are
includedin the energy balance equation of the PV module. It is assumed that the EVA top layer
is completely transparent, and internal reflection only occurs between the EVA and silicon
cells. The generated power is obtained by subtrgthie upper, lower losses)d optical losses

from the incoming solar radiation, as shown in Equaiion

Qgen = Qsolar (Qref + Qtop,loss + Qbottom,loss)
(5)
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Qref is determined by multiplgg the incoming solar radiah with the reflection properties

of the EVA layer.During the simulation, the label on the back of the PV panel was used.
Therefore, our simulation assumes a generate
atanambien t emper at ur5eACof g25ACGr( = =10200 W m|], Q
absorption, permeability, and reflectivity properties of ETFE, EVA, and monocrystalline
surfaces were referenced from Table 3.

Table 4. Material propertie s

Meterial Absorption Transmissivity Reflectivity
ETFE 0,1 0,83 0,07

EVA 0 1 0

Si 0,97 0 0,03

Due to the absorption characteristics of ETF

0.1 = 100 W/ m] ) .of ETREa@s calcaeldtddas™ mmh (06s67 * 100
W/ m]). The permeability value is 830 W m] (1
of silicon is 24.9 W m] (830 * 0.03 = 24.9 V

Since the area of each c slhetotal areals.cdicihdas: m|] and

0.01471365=0.528m

When the PV panel cell generates 70 W of power, the power generated per unit area is:
70/0.528=132W/rA
The heat value that the cell will reflect is calculated as:

80571132=%73 W' m

Her e, 805 W/ mj represents the incoming sol a
represents the power generated per wunit ar e
indicates the amount of heat that the panel will reflBo¢ boundary conditions, as shown in

Table 4, have been input into ANSYS. After the boundary conditions are determined, the final
section is started.

Table 5. Boundary conditions

LAYER HEAT TRANSFER TYPE VALUE
ETFE Heat Flux 100 Wm?
EVA1l Heat Flux 25 W/n?
cell Heat Flux 673 Wint
ETFE Radiation 0.89
CFRP Radiation 0.89
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»

TOP
BOTTOM

Convection
Convection

7,9543
7,9475

W/ m
W/ m

To determine the results of the thermal analysis, it is necessary to define the deditethresu
the "Solution” section at the beginning of the analysithis study, the temperature values and
heat flux values for each layer have been defined, and the maximum and minimum values have

been calculated.

B3RESULTS AND DKSCUSSKON

In this section the process stage where the desired results are calculated and solved is

explained. The total temperature ameht fluxvaluesfor the 7 layers are shown rable 5
The temperature values for each layer are shown in Fgyushile the heat flux valueare

displayed in Figurd.

Table 6. Maximum and minimum temperature and heat flux values of the PV layers

Temperature( A C) Heat flux(W/m?)
max min max min
ETFE 53,1260 34,5270 859,54  5,7971
EVAl 53,2520 34,3760 1270,4  3,3154
Cell 53,2550 46,7430 45926 403,16
EVA2 53,2520 44,1560 738,14 0,89616
PET 53,0360 44,2260 737,11 0,76463
TAPE 52,7480 44,2420 733,21 0,21731
CFRP 52,4690 44,2170 2241.,8 27,558
Frame 45,2930 44,6410 708,33  0,1625

) CELL

o s Sy

d.) EVA2
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= - ==
f.) BANT

h.) FRAME

g.) CFRP
Figure 6. Temperature distribution of PV solar panel model, a.) ETFE, b) EVAL, c) cell, d) EVA2, e)

PET, f) BANT, g) CFRP and h) Frame

a) ETFE b) EVA1L
¢) CELL d.) EVA2
e) PH f.) BANT
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