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Onsoz

Bu rapor Tiirkiye Bilimsel ve Teknik Arastirma Kurumu tarafindan desteklenmis olan
MISAG 230 sayili projenin yiiriitiilmesi sirasinda elde edilen bilgi ve sonuglarn icermektedir.

Raporla ilgili biitiin deneyler Orta Dogu Teknik Universitesi Kimya Miihendisligi Boliimii
laboratuarlarinda gerceklestirilmistir. Kizilétesi analizlerinin yapilmasinda katkisindan dolay1
Kerime Giiney’e, X Isim Kinmum analizi yapilmasinda katkisindan dolayr Prof, Dr. Ali
Gulfaz’a, Hidrojen gazi MS-GC analizlerinin yapilmasinda katkisindan dolay: PAL Arastirma
Merkezi’ne tesekkiir ederiz. Deney diizeneklerinin kurulmasindaki katkilarindan dolay: Orta
Dogu Teknik Universitesi Kimya Miihendisligi Blimii Makina, Elektrik ve Cam Atdlyeleri
teknisyenlerine tesekkiir ederiz. EAE A.S Firmas: bu projede gérev alan Ozgiir Yazaydin’y
maddi olarak desteklemistir ve projede kullamlmak tiizere bilgisayar, multimetre, ve
kesintisiz gli¢ kaynagi bagislamistir. Katkilarindan dolay1 EAE A.S’ye tesekkiir ederiz.

Proje esnasinda ODTU Kimya Miihendisligi ana bilim dali doktora Ogrencisi Ayse
Bayrakgeken ve yiiksek lisans 6grencisi Serdar Erkan PEM yakat pilinin ve test istasyonunun
gelistirilmesinde ¢ok onemli katkida bulunmuslardir. Metalofitalosiyanin sentezi ve
karakterizasyonu konusunda yiiksek lisans tezi yapmakta olan Ahmet Aslanoglu bu
programdan ve projeden Ekim 2003’te aynlmustir. Sentez, karakterizasyon ve
metalofitalosiyaninlerin katot katalizdriine déniistiiriilmesi aragtirmalarim Serdar Erkan Ocak
2004’ten beri strdiirmektedir. Elektrot hazirlanmasinda Ozgiir Yazaydin tarafindan
uygulanan yéntem Ayse Bayrakgeken tarafindan gelistirilerek 5 tabakali zar elektrot yapisi
hazirlanmast miimkiin olmustur.

Bu proje esnasinda uzun bir sire PEM test yakit pillerinde istenilen performansa
ulagilamamistir. Bunun en 6nemli nedenleri PEM yakit pilinin kurulmasinda kullanilan
malzemelerin secimi ve 6zellikle kullanilan hidrojen gazinin istenilen saflikta olmamasidir.
ABustos 2004’te BOS firmasindan %100 saflikta hidrojen gazi temin edilebilmisgtir.
"Eyliil 2004’te Prof.Dr. Nurcan Bag¢ Electrochem firmasindan getirttigi test yakit pilini
projemizde kullanmak tizere vermigstir. Bu test yakit pili ile daha dnce laboratuarimizda
kurdugumuz test yakit pili ile kargilagtirmak miimkiin olmustur. Bu sayede PEM yakit pili
performanst istenilen diizeye ¢ikarilabilmigtir. Prof.Dr. Nurcan Bag’a test yakit pilini
projemizde kullanmamiz igin miisaade ettigi icin tesekkiir ederiz.

Bu proje Orta Dogu Teknik Universitesi  Bilimsel Aragtirma Projeleri Fonu
BAP-08-11-DPT2002K 120510(0YP-FBE-BTEK3), BAP2004-07-02-00-128 no’lu projeler
tarafindan desteklenmektedir.

TUBITAK MISAG grubuna bu projeye verdikleri destekten dolayi siikranlarimizi sunariz.
Saygilarimla

Subat 2005 /ANKARA

Prof.Dr. Inci Eroglu
Proje Yoneticisi
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Ozet

Temiz, siirdiiriilebilir ve yenilenebilir enetji kaynaklarinin énemi hem gevre ile dost olmalari hem
de azalan fosil yakitlara alternatif olmalart bakimindan gittikge artmaktadir. Hidrojen de bu
alternatif enerji kaynaklarinin baginda gelmektedir. Hidrojen ekonomisine gectikten sonra enerji
tretimi igin yakit pilleri en uygun araglar olarak goriilmektedir. Bu galismada proton degisim
zarli(PEM) hidrojen ve oksijenle calisan yakit pilleri gelistirilmesi amaglanmaktadir. Bu amaca
yonelik olarak degisik malzemeler denenmis, elektrot hazirlama yontemleri gelistirilmis, PEM
yakit pillerininin performans l¢iimlerini yapabilmek igin bir test istasyonu kurulmustur. Degisik
elektrot alanina sahip(5 ile 25 cm?) yakit pillerinin performans testleri voltaja karsilik akim
olgiilerek tespit edilmistir.

PEM yakit pillerinde katalizor olarak platinin kullanilmas: maliyeti Snemli l¢tide artirdigindan
maliyeti diigtirecek alternatif bir katalizor gelistirilmesi hedeflenmistir. Metalofitalosiyaninlerin
katot elektrotu i¢in alternatif bir katalizor olabilecegi diisiiniilmektedir. Bu galigmada kobalt ve
demir fitalosiyaninler fitalik anhidrit-iire metodu ile sentezlenmis ve karakterize edilmistir.
Katalizor olarak %4 kobalt veya %4 ila %10 demir igeren  fitalosiyanin-karbon siyahi yapisi,
emdirme yontemi ile hazirlanmistir. Piroliz edilmemis katalizérlerle ve 600°C ila 1000°C°de
piroliz edileren katalizorler ile katot elektrotlari hazirlanmugtir. Tekli yakat pili test hiicresinde
yapilan performans &lgiimleri sonucunda denenenler arasindaki en aktif katalizériin 1000°C’de
piroliz yapilmis %4 kobalt igeren kobalt fitalosiyanin-karbon siyaht yapisi oldugu sonucuna

varilmigtir,
Anahtar Kelimeler: Proton degisim zarh yakat pilleri, yakit hiicresi, metalofitalosiyaninler, hidrojen

Abstract

Importance of clean, sustainable and renewable energy sources are increasing gradually because
of either being environmental friendly or being alternative for fossil fuels. Hydrogen is in the lead
of these alternative energy sources. Fuel cells are seemed to be the most suitable energy
conversion devices while passing through the hydrogen economy. In this study, H,-O, proton
+ exchange membrane(PEM) fuel cells were constructed and electrode preparation techniques were
developed. Performance of single fuel cells which have active areas of 5 and 25 cm? were tested
with the help of the test station which was constructed during this project. Performances of the
cells were determined by measuring voltage against current.

Usage of platinum as a catalyst for fuel cell electrodes increases the cost of the fuel cell
considerably. So it is needed to develop alternative and cost-effective catalysts.
Metalophthalocyanines are thought to be an alternative catalyst for cathode electrode. In this
study, cobalt and iron phthalocyanines were synthesized via phthalic anhydride—urea process.
Catalysts were prepared with either containing 4% cobalt, 4% or 10% iron phthalocyanine on
carbon black structure by impregnation method. Impregnated catalysts were pyrolized at 600°C or
1000°C and cathode electrodes were prepared by these catalysts as well as unpyrolized ones. The
performance measurement results showed that 4% cobalt containing cobalt phthalocyanine-
carbon black pyrolized at 1000°C is the most active catalyst among the others tested.

Keywords: Proton exchange membrane fuel cells, fuel cell, metalophthalocyanines, hydrogen
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1 GIRIS
1.1 Konu

Ulkemizin enerji alaninda kars1 karsiya kaldig problemler, diinya genelindeki iilkelerde ortak
sorunu olarak kendini gdstermektedir. Ozellikle diinyadaki fosil kokenli yakit rezervlerinin
giderek azalmasimin yam sira bu tiir kaynaklarin kullanimi ile olusan hava ve gevre kirliligi,
son yillarda enerji tiretimi alanindaki aragtirmalarin temini kolay, yenilenebilir ve temiz enerji
lireten kaynaklar {izerinde yogunlagmasina neden olmustur. Giines enerjisi, biyokiitle enerjisi
ve jeotermal enerji gibi yenilebilir enerji kaynaklarimin bol bulunma ve temiz olmalarina
kargin bir ara tagiyiciya gereksinim gosterdikleri i¢in her alanda uygun son kullanima sahip
degillerdir. Fosil yakitlardan, sudan ve biyokiitleden iiretilebilen hidrojen, bu tiir enerji
kaynaklari i¢in iyi bir enerji tasiyicidir. Hidrojen ara enerji tasiyict olarak kullanildifinda
asagidaki avantajlara sahiptir;

- Elektrik enerjisinden farkli olarak daha kolay depolanabilir 6zelliktedir.

- Enerji tiretiminde son iirtin sudur.

- Boru hatt1 veya tankerlerle ¢cok uzak mesafelere taginabilmektedir.

- Alevli yanma, katalitik yanma, elektrokimyasal dontigiim ve hidriir olugumu gibi pek
cok yontemle etkin bir sekilde enerji liretiminde kullamilabilmektedir.

- Yenilebilir kaynaklardan iiretildiginde ¢evreye herhangi bir zararh emisyon séz konusu
degildir.

Hidrojen, komiir veya biyogaz gibi birincil enerji kaynag: degildir, birincil enerji
kaynaklarindan tiretilen bir enerji tasiyicidir. Fosil yakitlardan gazlastirma ve reforming ile
hidrojen iiretimi teknolojisi yaygin bir sekilde kullamlmaktadir. Hidrojen elektroliz ile sudan
tiretilebilmektedir. Elektroliz i¢in gerekli olan elektrik giines pilleri, hidrolik ve riizgar gibi
yenilenebilir enerji kaynaklarindan olacag gibi niikleer elektrik de bu amagla kullanilabilir.

Hidrojenin yakit olarak kullamildigi ve kimyasal enerjinin dogrudan elektrik enerjisine

cevrildigi sistemler yakit pilleri diye adlandirilir. Bu sistemlerde hidrojenin yanma iiriinleri
yalnizca su ve su buharidir. Yeni gelistirilen bu sistemlerde hidrojen dogrudan ya da hidrojen
salan herhangi bir kaynak yardimiyla sisteme verilmekte ve istenilen enerji elde edilmektedir.

Hidrojen tasimacihkta, binalarda ve sanayide kullamlabilir. Yakit pili, hidrojenin
kullamminda 6nemli bir yer tutmaktadir.Yakit pili sistemleri taginabilir gekilde
kullanilabildigi gibi ulagimda hareketli sistemlerde ve sabit uygulamalarda da kullanilmas:
planlanmaktadir. Yakit pilleri genel olarak elektrik enerjisinin ihtiya¢ duyuldugu her yerde
kullanilabilmekle beraber, genel olarak ticari kullanimi Tablo 1’deki gibidir.

Gelisen teknoloji insanlar1 beraberlerinde daha ¢ok elektronik egya tasimaya itmektedir. Bu
artan ihtiyag bir taginabilir enerji sorununu giindeme getirmistir. Bu sorunun ¢6ziimiiniin yakit
pilleriyle miimkiin olabilecegine inamlmaktadir. Ticari uygulamalardan bazilari; cep telefonu,
diziistii bilgisayar, dijital fotograf makinesi, kamera bataryalari gibidir. Aynca sabit
uygulamalar i¢in de yakit pilleri kisa zamanda vazgegilmez olacaktir. Temel olarak
jeneratoriin ve kesintisiz giic kaynaklanmin  kullanildigi  her yer bu teknolojinin
kullanilabilecegi yerlerdir. Hastaneler, igyerleri, evler, bilgisayar aglart vb. enerji ihtiyaglarin
yakit pillerinden karsilayabileceklerdir. :




Ulagim alaninda da yakat pilleri yiiksek verimliligi ile ekonomik bir ¢6ziim olacaktir. Su an
dinyanin onde gelen otomobil iireticileri prototip ¢alismalarim tamamlamistir ve bu
teknolojinin ekonomik olarak uygulanabilirligi icin ¢alismalarim siirdiirmektedir. Bu alanda
otomobil, otobiis prototipleri iiretilmis, 1MW lik lokomotif igin de 2003 yil igin de bes yillik
bir proje baslatilmistir. Ayrica madencilikte emniyetli olmast nedeniyle yakt pilleri
kullamilmasina baslanmistir.

Temel olarak bir yakit pili anot , katot ve bunlarin arasinda bulunan elektrolitten olugsmustur .
Yakit anoda ve oksitleyici de katoda stirekli olarak beslenir . Anotta ve katotta strasiyla
yiikseltgenme ve indirgenme reaksiyonlan olurken elektrik akimi ve 1s1 olusmaktadir . Anotta
olusan protonlar elektrolit ortami gegerek katotta oksijenle birlesip yakitin cinsine gére yalniz
su veya su ve karbondioksit iiretir. ¢ “ler ise bir akim toplayici sayesinde anottan katoda
gegerek elektrik akimi olugtururlar. Hidrojen gazi uygun katalizérler kullanildiginda ¢ok
¢abuk reaksiyona girdiginden ve tek emisyonu su oldugundan dolay: temiz bir kaynak olarak
uygulamalarmn bir ¢ogunda yakat olarak kullamlmaktadir .

Tablo 1. Yakit pillerinin genel ticari kullanim alanlan

Isletim Transfer| Kullan
Yakit Pili | Yalat Tiirii Elektrolit  |Sicakhg o m
o Molekiiliif  alanlan
~ °C)

Polimer Sabit, portatif ve
Elektrolit Zarh H, Polimer 60-100 | H"  |hareket edebilen
(PEM) sistemler
Dogrudan . Portatif

Metanol(DMFC) Metanol Polimer 50-120 H* sistemler
Alkali . ; . |Sabit ve hareket
(AFC) H, Potasyum hidroksit| 50-100 OH eden sistemler
Fosforik asit G i
(PAFC) H, Fosforik asit  |175-200f H' Sabit sistemler

Erimig Karbonat| Dogal Gaz, |Lityum — Potasyum

(MCFC) LPG, dizel karbonat 600-1000] CO5™ | Sabit sistemler

Kat1 oksitli Dogal Gaz,

(SOFC) LPG Zirkon 600-1000] Oy Sabit sistemler




PEM yakit pili digerlerinden elektrolit ortam olarak kati polimer kullamlmasindan dolayi
farklidir . Ozellikle ulasim , portatif uygulamalar , 1s1 ve gii¢ sistemlerinin kombinasyonlar:
icin kullamlir . Yiiksek performansh polimerlerin bulunmasindan sonra PEM yakit pilleri
uzay ¢alismalarinda ve 6zel askeri sistemlerde kullamilmak tizere gelistirilmeye baglanmustir .
PEM yakat pillerinin ¢alisma sicaklig: 80 ile 120 °C arasindadir .

PEM yakit pilinde de diger yakiat pillerine benzer olarak yakit pili gaz gegirgenligi yiiksek ve
elektrolitle temasta olan iki elektroda sahiptir ve gaz anottan , oksitleyici gaz da katottan
stirekli olarak beslenmektedir . PEM yakat pilindeki bu elektrotlar katalizr olarak Pt igeren
karbon destekli gaz diflizyon elektrotlaridir . Anotta olusan protonlar zar gegerek katottaki
oksijenle birleserek su tiretilir . Yakiat pilinin verimi i¢in en énemli olan uygun su ydnetimi ve
zann proton ve su aktarim Ozellikleri gibi kritik noktalardir . Zar olarak piyasada Nafion
olarak bilinen perflorosiilfonik asit kullamilmaktadir . Zarin kurumasi proton iletkenligini
distirdiigiinden dolayi ¢ogu uygulamada reaktan gazlar nemlendirildikten sonra hiicreye
beslenir . Suyun fazlas: ise elektrotlarda su tagmasina sebep olur ve bu da reaktan gazlarn
katalizor tabakasina ulagsmasini engeller . PEM yakit pilindeki polimerik zarin gérevi proton
iletkenligi , reaktan gazlann ayrimi ve elektronik izolasyondur . Kullanilan zann kati olmasi
korozyonu ve elektrolitle ilgili sorunlan azaltmaktadir. PEM yakit pilinde meydana gelen
reaksiyonlar asagida verilmistir .

Anot : 2H,>4H +4e”
Katot : 4H +4e +0,-> 2H,0
Toplam : 2H,+0,=2> 2H,0

Tek bir yakit pilinden belli seviyede performans elde edildiginden dolay: yiiksek gii¢ ve voltaj
zar — elektrot gruplanmin ¢ift akis kanalli plakalarla seri baglanmasiyla elde edilir . PEM
yakat pilinden olugturulan modiillerle daha yiiksek giiglere gikilabilir .

Yakit pilleri reaktan gazlar saglandigi siirece kimyasal enerjiyi elektrik enerjisine direkt
" olarak ¢eviren elektrokimyasal araglardir. DiZer enerji doniistim sistemlerine gore daha sessiz
ve verimli ¢aligmaktadir (Hoogers, 2003). Proton degisim zarh (PEM) yakat pilleri yiiksek
verim, yiiksek akim yogunlugu , diisikk emisyonlar, diisiik sicaklik ve sessiz ¢aligmalar
sebebiyle ozellikle tagimacilikta 6nemli bir alternatif olarak goriilmektedir (Lee, 2004).
Ayrica PEM yakat pilleri elektrolit kagaginin ortadan kaldirilmasi, diiitk korozyon, yiiksek
giicler elde edilirken uygulamadaki kolaylik ve saglamlifin artmasi gibi avantajlara sahiptir
(Lee, 1998). Yakit pili performansimi etkileyen; sicaklik basing, nemlendirme, bilesenlerin
ozellikleri vs. gibi ¢esitli parametreler vardir. Daha yiiksek performans degerleri elde etmek
icin yakit pili 1sitilmaktadir ve kullanilan zarin (Nafion vb) proton iletkenligi
nemlendirilmesiyle artmaktadir. Yakit pili sicakliginin nemlendirme sicaklifina esit veya
daha biiyiik olmas: durumunda zarin direncinin su igeriginin azalmasina bagh olarak arttig
gozlenmig (Passos, 2002). Akim yogunlugu ve elektrot alamnin artmasiyla proton
iletkenliginin azaldig1 gozlenmistir. Bu, yetersiz dis nemlenmeden kaynaklanmaktadir. Zar
tabanli nemlendirmede ise gaz akis hizi ve uygun zar tipi segilerek, efektif nemlenme
~ saplanabilir (Sridhar, 2001). Ulkemizde, Orta Dogu Teknik Universitesinde Kimya
Miihendisligi ve Kimya Boliimlerinde alkali yakit hiicreleri (AFC) (Han, 2000) ve proton
degisim zarli (PEM) yakat hiicreleri ve dogrudan metanol yakit hiicreleri (DMFC) teknolojisi
geligtirilmektedir. PEM tekli yakat hiicresi (Ergiil, 1997) ve test istasyonu ile degisik elektrot
hazirlama teknikleri, kataliz6rler ve performans: etkileyen faktorler incelenmektedir.
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Universite-sanayii isbirligi sonucunda 1.5 kW’lik bir PEM yakat hiicresi sistemi tasarlanmis
ve kurulmugstur. '

Yakit pillerinde katot reaksiyonu olan oksijenin indirgenmesinin kinetigi goreceli olarak anot
reaksiyonundan daha yavastir. Yiiksek konjuge yapilari ve kimyasal sabitlikleri sebebiyle
metalofitalosiyaninler oksijenin indirgenmesi igin cesaret verici bir elektro-katalitik aktiflige
sahiptir. Bu sebeple degisik metalofitalosiyaninlerin yakit pillerinde yakit pillerinde oksijenin
indirgenmesine elektro-katalitik etkisi arastirilmig ve miispet sonuglar gézlenmistir (Phoguat,
1997). Sentezlenigi sirasinda 1s1 ile muamele edilen metalofitalosiyaninlerin daha aktif
olduklar gozlenmistir (Lalande, 1996). Metalofitalosiyaninler aktif karbon fizerine emdirilmis
ve aktiviteleri analiz edilmistir (Lalande, 1995). Oksijenin yam sira metanoliin
indirgenmesinde de metalofitalosiyaninlerin aktif olduklar gézlenmistir (Wendt, 1999).

1.2 Amag

Bu projenin amaci PEM yakat pillerinin siiregelen bir sorunu olan yavas oksijen indirgenme
reaksiyonu kinetigini metalofitalosiyaninler ile hzlandirilip yakit pillerinin performansini
artirmaktir. Bu sayede yakit tiiketimi azalacak ve daha az platin kataliz6re ihtiyag
duyulacagindan kurulum maliyeti de diigiirtilebilecektir.

1.3 Kapsam

Bu proje degisik metalofitalosiyaninlerin sentezlenmesi, saflagtinlmas: ve aletli analiz ile
tanimlanmasini, sentezlenen metalofitalosiyaninlerin yakit pili performanst iizerine etkilerinin
aragtinnlmasim kapsamaktadir. Elektrotlar ekibimizce gelistirilen piiskiirtme ySntemi ile imal
edilip yakit piline entegre edildikten sonra performans Slglimleri degerlendirilmigtir. Deneysel
caligmalarda elektrotlarin hazirlanmasinda degisik hazirlama kosullan ¢alistlmistir. Béylece,
gelistirilen yakit pilleri laboratuarimizda mevcut olan yakit pili test {initesinde denenmistir.
_Performans olgtimleri yapilarak sonuglar degerlendirilip literatiirle kargilagtinlmugtir.

Performans iyilestirme ve boyut biiylitmeye yonelik aragtirmalar yapilacaktir. ;



2 KOBALT  FITALOSIYANIN ~ILE  OKSIJEN VE  HIDROJEN
ETKILESIMLERININ TEORIK INCELENMES]

Metal ihtiva eden makrosiklik bilesikler , son yillarda yakit pillerinde katalizér olarak
kullamimaya baslanmistir. Bunlar genellikle CoN, veya FeNy gekirdek yapisini ihtiva eden
selat bilegikleridir. Bu gergevede ftalosiyaninler, porfirinler ve tetraazaannulenler 6n plana
¢ikmustir. Bu bilesikler genellikle yakit pillerinde oksijenin rediiklenmesinde elektrokatalist
olarak kullanilmaktadirlar ve stabilitelerini artirabilmek i¢in C/polimer matriksi igerisinde 1s11
isleme tabi tutulmaktadirlar. Belli bir teknoloji gelismis olmasina ve iiriin bazinda bu
katalizorlerin kullanilimina gelinmis olmasina ragmen kobalt-fitalosiyanin (COPhth) ile O, ve
H, gazlan arasinda ne gibi etkilesimler oldugu molekiiler diizeyde calisiimamus
bulunmaktadir.

Bu ¢alismada CoPhth ile bu gazlarin etkilesmeler, semiempirik kuantum kimyasal bir metot
(PM3(UHF)) cercevesinde aragtinilmigtir. Tablo 2°de CoPhth | CoPhth-O, ve CoPhth-H,
sistemlerinin gesitli enerjileri sergilenmektedir. Biitiin bu sisternlerin stabil ve ekzotermik
olduklart , toplam ve binding (baglanma) enerjilerinden ve olusum entalpilerinden
anlagtlmaktadir. Sekillerden goriilecegi gibi O, ve H, gazlan ile CPhth arasinda kimyasal bir
etkilegim goz oniine alinmamus, fiziksel iligkiler ¢ergevesinde incelenmistir. BSyle olunca
CoPhth-O, ve CoPhth-H, sistemleri enerjetik olarak birbirlerine benzer bir durum arz
etmektedirler. Sekil 1’de CoPhth, Sekil 2’de CoPhth-O, ve $ekil’3 te de CoPhth-H,
sistemlerinin 3-boyutlu elektrostatik ve spin dagilim haritalar: verilmistir. Sekil 4’te ise her ii¢
sistemin dipol momentlerinin dogrultulan gosterilmistir. Son sekilden gériilecegi gibi H, ve
O; gazlanmn mevcudiyeti toplam sisteme molekiiler diizlem diginda bir moment
kazandirmaktadir ve yoniide Co atomuna dogrudur. Tablo 3, bu dipol momentlerinin detayl:
bir analizini gostermektedir. CoPhth molekiilii hemen hemen sifir degerinde bir dipole sahip
olmasina karsin H, ve O, ihtiva eden sistemlerdeki polarizasyondan kaynaklanan yiik
dagilimlanndaki simetrisizlikten 6tiirii 4D civarinda bir moment ortaya ¢tkmaktadir. Yik
- dagilimlan incelendiginde H, ve O, nin pozitiflestigi ve atomlar arasi o-baglarinin bir nebze
uzadift goriilmektedir. Bu durumda oksijen daha iyi bir elektron alicisi rolii tistlenmis
olmaktadir. Hidrojenin ise elektron verme egilimi bir parca azalmis goziikmektedir. Bu
sebepten CoPhth , katalizor olarak yakat pillerinin O, bsimelerinde kullamlmak durumundadir

Tablo 2. ligilenilen sistemlerin cesitli enerjileri

CoPhth
ENERJILER VE GRADYENT
Toplam enerji =-141250.2259212 (kcal/mol)
Toplam enerji = -225.092068805 (a.u.)
Bag enerjisi = -7334.1687252 (kcal/mol)
[zole edilmis atom enerjisi = -133916.0571960 (kcal/mol)
Elektronik enerji = -1376003.7811135 (kcal/mol)
Cekirdek—¢ekirdek etkilesimi = 1234753.5551922 (kcal/mol)
Olusum entalpisi = -25.6567252 (kcal/mol)
Gradyent = 0.0009633 (kcal/mol/Ang)
MOLEKULER NOKTA GRUBU

D2




CoPhth-0O,

ENERJILER VE GRADYENT
Toplam enerji =-142018.6421998 (kcal/mol)
Toplam enerji = -226.316593642 (a.u.)
Bag enerjisi = -7499.6320978 (kcal/mol)
[zole edilmis atom enerjisi = -134519.0101020 (kcal/mol)
Elektronik enerji = -1409223.2533009 (kcal/mol)
Gekirdek—gekirdek etkilesimi = 1267204.6111011 (kcal/mol)
Olusum entalpisi = -86.9160978 (kcal/mol)
Gradyent = 0.0009853 (kcal/mol/Ang)
MOLEKULER NOKTA GRUBU

C1
CoPhth-H,
ENERJILER VE GRADYENT
Toplam enerji =-142018.6422594 (kcal/mol)
Toplam enerji = -226.316593737 (a.u.)
Bag enerjisi = -7499.6321574 (kcal/mol)
[zole edilmis atom enerjisi = -134519.0101020 (kcal/mol)
Elektronik enerji = -1409224.9970742 (kcal/mol)
Cekirdek-¢ekirdek etkilesimi = 1267206.3548149 (kcal/mol)
Olusum entalpisi = -86.9161574 (kcal/mol)
Gradyent = 0.0008302 (kcal/mol/Ang)
MOLEKULER NOKTA GRUBU

C1

Tablo 3 [lgilenilen sistemlerin dipol momentleri

Dipol (Debyes) x y z Toplam

Nokta-Chg.  -0.000  0.000  0.000  0.000

sp Hibrit -0.000 -0.000  -0.000  0.000 CoPhth

pd Hibrit 0.000  -0.000  -0.000  0.000

Toplam -0.000  0.000  0.000  0.000

Dipol (Debyes) x y z Toplam

Nokta-Chg. 2.055 2205 2397 3.851

sp Hibrit 0.203  0.201 0399 0.491 CoPhth-0O,
pd Hibrit -0.030 -0.007 -0.490 0.491

Toplam 2228 2399 2306 4.005

Dipol (Debyes) x y z Toplam

Nokta-Chg. 2.054 2205 2396 3.851

sp Hibrit 0.203 0201 0.399  0.491 CoPhth-H,

pd Hibrit -0.030  -0.007 -0.490  0.491

Toplam 2227 2399 2306 4.005

CoPhth

CoPhth-0,

CoPhth-H,






CoPhth-O,
Elektrostatik
dadihm

0 haritasi

-0.421

Spin
yodunlugu

Sekil 2 CoPhth-O, sisteminin 3 boyutlu elektrostatik ve spin dagilim haritalari




+ 0.421
- CoPhth-H,
6 Elektrostatik
i dagihm
haritasi

-0.421

Spin
yoguniudu

Sekil 3 CoPhth-H; sisteminin 3 boyutlu elektrostatik ve spin dagilim haritalan



CoPhth

CoPhth-O,

CoPhth-H2

Sekil 4 CoPhth , CoPhth — O, ve CoPhth — H; sistemlerinin dipol momentlerinin dogrultular
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3 DENEYSEL

3.1 Metalofitalosiyanin Sentezi ve Karakterizasyonu

3.1.1 Kobalt Fitalosiyanin Sentezi

Fitalosiyanin sentezinin gergeklestirilebilmesi ig¢in 4906747, 3140292, 3074958, 2673854,
2469663, 2276598, 2216868, 2129013 numaralariyla Birlesik Devletler Patent Enstitiisii’ne
kayith patentler ile ilgili literatiir(Venkataraman, 1971; Barrett, 1936; Anderson, 1938;
Barrett, 1938) incelenerek sentez i¢in en uygun olan 4906747 (Segawa et al., 1990) numaral
patentin igerdigi yontem secilmistir. Bu sentezin segilmesinin sebepleri; uygulama
kolayhigi(diizenek ve ortam gartlari agisindan), ¢aligmada belirtilen verimlilik ve saflik
oranlarimin yiiksekligi, ¢alismanin gergeklestirildigi tarihin nispeten giincel olmasi ve bu
olumlu sebeplerin birlestigi en uygun segenek olmasidir.

Kobalt Fitalosiyanin Sentezi igin gerekli kimyasallar,

- Fitalik AnBIidrit......oooeeierenrieneeiecee e 5.402¢g
UL e 10.95¢g

- Amonyum Molibdat ......ccooevereeiiiiececinncire s 0.040g

= COCLLEHIO it 2.17g

= Siyanlirik ASIE ..ooiioeircreiiiiin e 0.70g

= NIrODENZEN wiiiveiririeieer ittt ba e 10-30ml
- H;S04

Fitalik anhidrid, tire, amonyum molibdat, kobalt kloriir 6 hidrat, siyaniirik asit ve nitrobenzen
100ml lik ti¢ boyunlu bir balon jojeye konulur. Bir boyuna sogutma kolonu digerine
_termometre takilir. Ugiincii boyunsa reaksiyona beklenmeyen durumlarda miidahele amaciyla
bos birakilir. Bu karigim 4-5 saat boyunca 170-210°C arasinda geri akig islemi yapilir.
Reaksiyon tamamlandiktan sonra elde edilen karisim -¢Ozgeni (nitrobenzen) uzaklastirmak
amaciyla- diisiik basingta damitma iglemine tabi tutulur. Damitma isleminden sonra kalan
kisim derigik siilfirik asitle muamele edilir. Bu esnada yesil bir ¢ozelti olusur. Bu ¢ozelti saf
su ile seyreltildiginde ¢ozelti mavi bir karisima dontistir. Bu kanigim siiziilerek elde edilen
madde asitligi gidene kadar 60-70°C deki saf su ile yikanir. Bu islemler sonucunda elde
edilen kobalt fitalosiyanin(mor golgeli mavi renkte) 130°C de 12 saat boyunca kurutulur.

3.1.2 Demir Fitalosiyanin Sentezi

Demir fitalosiyanin sentezi i¢in gerekli kimyasallar,

- Fitalik Anhidrit.......ccoooiiiiinincccece e 16.21g
o UTE eeeeeeeseeter ettt naraes 32.86g
- Amonyum Molibdat ........ccooiiiiiniiiiiiin 0.12¢

e FEC it e 13.88¢g
- Siyanlrik ASIE c.ocoveeirrinecce e 1.22¢g

= NITOBENZEN ....coviiiiiriciiiicceeeereeerr et 60ml

- H,S04 ‘

Demir fitalosiyanin sentezi de kobalt fitalosiyanin sentezindeki sartlarda gerceklestirilmistir.
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3.1.3 Metalofitalosiyaninlerin Karakterizasyonu

Sentezlenen kobalt ve demir fitalosiyaninlerin karakterizasyonu ODTU Kimya Miihendisligi
laboratuarinda bulunan Hitachi 270-30 Kizilotesi Spektrofotometre ve Cu Ka isimimi ile
Philps PW1729 X Isim Kirinim cihazlari ile yapilmusgtir.

3.2 Metalofitalosiyanin Katalizor Hazirlanmasi

Sentezi yapilan kobalt ve demir fitalosiyaninlerin yakit pillerinde kullanilabilecek katalizor
haline getirilebilmesi igin emdirme iglemi ve 1sil islemden ge¢irilmesi gerekmektedir.

3.2.1 Emdirme islemi

Fitalosiyaninlerin yakit pillerinde kullanilabilmesi i¢in bir takim islemlerden gegmesi
gerekmektedir. Bilindigi gibi yakit hiicresi reaksiyonlarimin gergeklesebilmesi i¢in elektron
transferinin yapilabilmesi gereklidir. Kendi baglarina iletken olmayan fitalosiyaninlerin
elektron iletkenligi kazanabilmesi i¢in karbon destege tutturulmasi gerekmektedir. Bu yapinin
olusturulmasi ayrica genis bir aktif yiizey alammmn saglanmasi i¢in de gerekmektedir.
- Emdirme islemi Sekil 5’te belirtildigi gibi yapilmistir. Sentez asamasindan bilindigi gibi
fitalosiyaninleri konsantre siilfiirik asitte ¢ozmek miimkiin olmaktadir. Katalizér metal igerigi
gbz Oniine almarak hesaplanan miktarda kobalt ya da demir fitalosiyanin konsantre siilfiirik
asitte ¢oziilmigtiir. Daha sonra bu ¢bzeltiye karbon toz (Vulcan XC72) ilave edilerek
¢ozeltinin tiim karbon ylizeyine temasim saglamak igin 4-5 saat ultrasonik karistiricida
karigtirma islemi yapilmistir. Yine sentez agamasindan bilindigi gibi kobalt ve demir
fitalosiyanin suda ¢oziilmemektedir. Dolayisiyla elde edilen karigimin saf suya dokiilmesi
sonucu fitalosiyaninlerin karbonun gozeneklerinde ¢okelmesi saglanmistir. Daha sonra
. siiziilen ve asitligi gidinceye kadar saf su ile yikanan ve kurutulan madde CoPc/C ve FePc/C
yvapisindadir.

Farkli miktarlarda metal iceren katalizorler i¢cin kullanilan madde miktarlari Tablo 4’ de
verilmektedir. Belirtilen metal ylizdeleri baslangic de@erlerini yansitmaktadir. Emdirme
isleminden sonra karbona yiiklenen metalofitalosiyanin miktari farkli olabilir.

Tablo 4 Belirlenen metal icerigini saglamak icin kullamilan madde miktarlar:

Fitalosiyanin Vulcan XC72
%4 Co igeren CoPc/C 1.0g 247 ¢
%4 Fe igeren FePc/C 08lg 20¢g
%10 Fe iceren FePc/C 1.02 g 1.0g

Bu sekilde hazirlanan katalizorlerle Sekil 7°de belirtilen yontemlerle elektrot hazirlamak
miimkiindiir. Ancak, fitalosiyaninler ile hazirlanan katalizorlerin kararli yapiya kavusturularak
kullamlabilmesi i¢in 1s1l islemden (piroliz) ge¢irilmelidir (Lalande, 1996).
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Fitalosiyaninlerin konsantre
silfirik asittle gézdurtlmesi

A 4
Fitalosiyanin ¢ozeltisine
aktif karbon (Vulcan
XC72) ilavesi

Y
Ultrasonik karistirma

h 4
Coktirme

4
Stizme ve yikama

h 4
Kurutma

Sekil 5 Fitalosiyaninlerin karbon destege emdirilme yontemi

'3.2.2  Isil islem (Piroliz)

Karbona emdirilerek hazirlanan CoPc/C ve FePc/C yapilan sirasiyla 600-1000°C ve 1000°C
de 1s1l islemden gegirilmistir. Bunun igin bir tiip firin ve kuvars tiipten olusan bir diizenek
hazirlanmistir. Sistem 1sitilmaya baglamadan 6nce tiip tamamen azot gazi ile temizlenmistir
ve tiim islem boyunca yaklasik 0.1 L/dak akis hizinda azot akisi saglanmigtir. Bu sayede
yiiksek sicakliga ¢ikartilan maddenin yanmas engellenmis ve de fitalosiyaninlerin bozunma
reaksiyonlari sonucu ortaya c¢ikan gazlanin reaksiyon ortamindan uzaklastirilmasi
saglanmistir. Sicaklik 10°C/dak arttirilmis ve sistemin 600- 1000°C ye ulagmasi saglanmustir.
Sistemin 1sinma siireci gergeklesirken 350-400°C sicakliklarda sistemden beyaz bir gaz ¢ikist
gozlenmistir. 600 ve 1000°C ye ulasan sistem gaz ¢ikist duruncaya kadar mevcut sekliyle
muhafaza edilmistir. Reaksiyonun bittigini belirten gaz ¢ikisinin durmasi 20-30 dakika sonra
gerceklesmistir. Sistem daha sonra azot gazi ortaminda sogumaya birakilmustir.

3.3 Proton Degisim Zarh Test Yakiat Pilinin Kurulmas

Proton depisim zarli test yakit pilinin yapist Sekil 6’da gosterildigi gibi asagidaki
bilesenlerden olugsmaktadir:
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Tutucu plakalar: Yakit pilinin bilesenlerini bir arada tutmak igin kullanilir. Test yakit
pilinde ¢elik plakalar kullanilmigtir.

Conta: Gaz difiizyon tabakalan ile grafit plakalar arasinda gaz kagagini ve bakir plakalar ile
asidik zar arasindaki temasi 6nlemek i¢in kullamlir. Test yakit pilinde teflon ve silikon conta
kullanilmistir.

Bakar plakalar: Akimi toplamak icin kullanilir.

Gaz dagitim plakalar: Bu plakalar iizerine gaz akis kanallant agilarak gazlarin dagitimi
saglanir. Bu galigmada altin kaph bakir plakalar ve grafit plakalar kullanilmigtir.

Gaz difiizyon tabakalari: Bu tabaka akim toplayici, gaz dagitici ve hiicre igindeki su
yonetimini artiric: gérev yapmaktadir. Karbon kagit ve karbon kumas kullamlabilir, tipik
kalinlik 300 mikron civarindadir. Karbon kumag genellikle bir veya iki gaz diflizyon tabakas:
ve ince bir (20-30 mikron) mikroporéz hidrofobik tabaka igerir. Bu c¢alismada gesitli
firmalardan satin abnmis ve laboratuarimizda hazirlanmig gaz difiizyon tabakalan
kullamlmistir.

Zar: PEM yakit pilinin orta kisnu proton gegirgen bir zardan olugsmugtur. Kalinhg: yaklagik
50-175 mikrondur. Fonksiyonlar; protonlarin iletimi, hidrojen ve havanin ayrilmasi ve
elektronik izolasyondur. Kullanilan zar perflorosiilfonik asit ile teflonun kopolimeri olan ve
ticari ismi Nafion olarak bilinen Nafion 112’ dir.

a) Celik plakalar

- b) Contalar

c¢) Bakir plakalar

d) Grafit plakalar

¢)Gaz diflizyon tabakalar

f) Zar—Eiektrot Yapist (MEA)

Sekil 6 PEM test yakit pilinin sematik gdsterimi
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Elektrotlar: PEM yakit hiicresi anot ve katot olmak tizere iki elektrottan olusmustur. Anotta
hidrojen protonlarina ve elektronlarina ayrilirken, katotta oksijen suya indirgenir.
Elektrotlarda aktif karbon iizerinde platin katalizér vardir. Aktif elektrot alanindaki platin
yiikii genellikle 0.2-0.4 mg Pt/cm’® mertebesindedir. Ayrica zar-elektrot yapist (MEA) her iki
tarafinda elektrot bulunan zar yapisini olusturmaktadir.

3.3.1 Zar-Elektrot Yapis1 Hazirlanmasi

Test yakit pillerindeki elektrot-zar yapilari (MEA) laboratuarimizda gelistirilen iki yontem
kullanilarak hazirlanabilmektedir. Bu yontemlerin sematik gosterimi Sekil 7°de verilmektedir.

Yontem-1 yani Kkatalizor ¢ozeltisinin gaz diflizyon tabakasina uygulanmasi; katalizor
¢Ozeltisinin hazirlanmasi, zara ¢esitli islemlerin uygulanmasi, katalizor ¢ozeltisinin istenilen
aktif alanda kesilen gaz ~diflizyon tabakalarina piiskiirtiilerek —elektrot-zar yapisinin
olusturulmast agamalarini igermektedir. Katalizor ¢ozeltisi, Pt/C ve Nafion oranlari 60:40 |
2 propanol : su - oranlar ise 7:1 olacak sekilde hazulannustir (Lee, 1998). Bu katalizor
¢ozeltisi ultrasonik banyoda 1 saat karigtirilmistir. Bu ¢ozelti daha sonra istenilen aktif alana
sahip gaz difiizyon tabakasina piiskiirtme tabancasi yardimu ile piskiirtiilmistiir. Bu
piskiirtme islemi anot ve katot elektrotlardaki istenilen Pt ve Nafion yiikiine ulagincaya kadar
devam etmistir (Passalacqua, 2001). Membran ise organik kirleticilerin uzaklastinilabilmesi
i¢in Once %3°lik kaynayan H,O, ile 1 saat, sonra 0.5 M H,S0O;, ile 1 saat ve kaynayan saf
suyla 1 saat kaynatilarak muamele edilmistir (Qi, 2002). Istenilen yiike ulagilan gaz difiizyon
tabakalar1 zar tizerine 130° C de 1000 kgf de 3 dakika sicak preslenmistir. Bu yontemle 5
tabakali elektrot-zar yapisi elde edilmistir.

Yontem-2 de yani katalizor ¢Ozeltisinin zara uygulanmasinda ise yine Yontem-1’deki gibi
hazirlanan katalizor ¢Ozeltisi ve ayni sekilde muamele edilen zar kullamilnustir. Bu
yontemde ilk Once istenilen aktif elektrot alaninda teflonlar kesilmigtir. Daha sonra
pliskiirtme tabancasi yardimiyla hazirlanan katalizor ¢ozeltisi teflonlara piiskiirtiilmils ve 80 0
de firinda kurutulmustur (Kwak, 2003). Katalizor tabakasinin teflona daha iyi yapisabilmesi
i¢in teflon yapistirict sprey kullamilmistir. Bu islem yapilan hesaplamalar sonucunda teflon
yiizeyinde istenilen Pt ve Nafion yiikiine ulagincaya kadar siirekli tekrarlanmistir. Istenilen
yiike ulagilan teflonlar zar {izerine 130° C de 1000 kgf de 3 dakika sicak preslenmigtir.
Preslenmis bu yap1 sogutulduktan sonra teflonlar zardan ayrilmis ve boylece 3 tabakali yani
gaz diflizyon tabakalarini icermeyen elektrot-zar yapisi elde edilmistir. Gaz difiizyon
tabakalar1 sonradan ilave edilmistir(Deneylerde kullanilan malzemelerin giivenlik veri
tablolari, MSDS, EK2 de verilmektedir).

Laboratuarimizda her iki yontemle de elektrot-zar yapilar: elde edilebilse de sonuglari verilen
deneylerde Yontem-1 ile hazirlanan elektrot-zar yapilar1 kullanilmagtir.

15



[ Elektrot-Zar yapisi (MEA) hazirlama teknikleri ]

Katalizor cozeltisinin gaz difiizyen
tabakasina uygulanmas

[ Katalizor ¢bzeltisinin membrana uygulanmasi ]

Yontem 1
Katalizér gozeltisinin Gaz difiizyon tabakasmn Katalizbr cozeltisinin Teflon
hazirlanmasi hazirlanmasi hazirlanmas
=
Katalizbr uygulanms
Gaz difiizyon tabakasi
Membran l
]
Presleme

MEA 1 < > l MEA 2

Sekil 7 Zar-Elektrot yapist hazirlama yontemleri

Piiskiirtme
Katalizbr uygulanmis
teflon

3.3.2 Metalofitalosiyanin katalizorlii Katot Elektrotu ve Zar Elektrot Yapisi
Hazirlanmasi

Bilindigi gibi fitalosiyaninler ile hazirlanan katalizorler yakit pili katodunda kullanmilmaktadir.
Anot kismu icin daha 6nceden edinilen deneyimle Etek firmasindan temin edilen %20 Pt
iceren Pt/C kullanilmugtir. Bunun i¢in 0.4 mg Pt/cm? baz alinarak ¢ozelti hazirlanmis ve Sekil
2 de belirtilen birinci ydntem kullamilarak anot elektrotu hazirlanmigtir. Katot kismu igin de
0.3-0.4 mg lik metal igerigi temel alinmig ve buna gore katalizér ¢ozeltisi hazirlanmgtir.
Elektrot hazirlamirken yine Yontem 1 kullamlmistir. Gaz difiizyon tabakasi olarak SGL
Carbon firmasmnm BC kodlu iirtinii kullamlmugtir.  Platin katalizorler ile hazirlanan
elektrotlarda, katalizoriin yiiksek miktarda platin  igermesi dolayisiyla bir sorun
yasanmamustir. Ancak, fitalosiyanin elektrotlarda metal miktarinin sinirli olmasi nedeniyle
birim alanda istenilen katalizor miktarina ulasabilmek igin ¢ok miktarda fitalosiyanin/karbon
yapis1 kullanilmas: gerekmistir. Dolayisiyla katot elektrot yapisimn kalinhigi istenmedigi
halde kalinlasmustir ve bu kalinlagma zaman zaman elektrotlardan bir miktar katalizoriin
heniiz zar elektrot yapisi yapilamadan dokiilmesine neden olmugtur. Bu nedenle, katot metal
yitkit hedeflenen miktarlarindan farklihk gostermisti. Hazirlanan elektrotlar, islemden
gecirilmis Nafion 112 zarlara, 130°C de IOOOkgf/cmz’ﬁk bir basing uygulanarak
yapistirilmigtir.
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3.4 PEM Yakat Pili Test istasyonu Kurulmasi

Yakit pili performans 6lgiimlerini yapabilmek igin test istasyonu kurulmustur. Istenilen giice
ulasmak icin gerekli olan reaktan gazlarin akis hizlar, test istasyonunda mevcut olan kiitle
akis denetleyicileri (Aalborg GFC 171) ile saglanmigtir. Yakit pilinde elektrolit olarak katr
polimer zar kullanilmaktadir ve bu zar protonlan nemlendigi siirece iletmektedir. Zarin
nemlenmesini saglamak igin reaktan gazlar su dolu siselerden gegirilmistir. Nemlendirme
sicakhifim kontrol etmek i¢in bu sigeler sicaklik kontrollii su banyosuna yerlestirilmistir.
Yakit pilinde yiiksek performanslara ulagabilmek pil rezistansh isiticilarla her iki taraftan
isitilmmugtir. Pile yerlestirilen termokupl ve pilin baglandigi sicaklik kontrolérii ile pil
istenilen sicakhiga 1sitilabilmigtir. Bilgisayara baghh bir multimetre yardimiyla akim
olctilebilmigtir. Voltaj ise yine yakit piline ve bilgisayara bagli AD (Advantech PCL-711)
doniistiiricti yardimiyla olgiilmiigtiir. Pil kararli hale ulagtiktan sonra voltaj-akim egrilerini
elde edebilmek i¢in yakit pilindeki yiikii degistirme amaci ile ayarl direng kullanilmigtir.
Deneylerde performans olgumumm yapildig1 test istasyonu Sekil 8°de ve Sekil 9°da, bu proje
kapsaminda kurulan 25cm? aktif elektrot alana sahip tekli test yakat hiicresi ise Sekll 10’da
gosterilmektedir. Metalofitalosiyanin katahzorler ile yapilan performans olgtimleri ise Sekil
11°de gorillen Electrochem firmasina ait 5 em®lik aktif elektrot alamina sahip test yakit
hiicresidir.

R T
Gaz hatt rr—
Veri hatty  ----v-von
Y Eloktoik Matts oeennn
X
........... H
Bitgisayar ‘ H
e .-.........-‘..-..,....g
grevnmuen Ampermetre %
i H
H AD Dinlgtirici
i
§ geomnmnmamanonres s ennes My nris ‘irc-;« ““““““““““““““ 1
L 3 b i
— @ @ S
Isatecy ‘ W
Yakat hilcros
Oy gekngs !uhca'
P
b3 N
Termokapt Y urc —_—
H Sscaklik | ’
R gusags | kestrelérd Hidrejes :k:ilc-
..._.J SRIE mze
Nemieadirici

Sekil 8 Bu ¢alisma kapsaminda kurulan PEM yakit pili test istasyonu
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Sekil 9 Yakat pili test istasyonu
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Sekil 11 5 cm? elektrot alanh PEM test yakit pili (Electrochem)

3.5 PEM Yakat Pilinin Performans Olgiimii
3.5.1 Test Pilinin Devreye Alinmasi

Gelistirilen zar-elektrot hazirlama teknikleriyle iretilen zar-elektrot yapilar test hiicresine
yerlestirilir ve 15-20 Ib-in lik stkma torku ile tim vidalardan esit olarak sikihir. Test
istasyonuna baglanan yakit pili bir baglangi¢ isleminden gecirilmelidir. Bu islemin ilk adimi
“yakit pili anodunun azot gazi ile temizlenmesidir. Bu iglem hidrojen akigma maruz kalacak
son derece aktif platin katalizorle kapli olan anot elektrotta olas1 yanmay: 6nlemekte ve
katalizoriin bu yanma etkisi ile aktifligini kaybetmesini dnlemektedir. Ayrica bu islem,
baglantilarda ve pildeki olasi gaz kagaklarmin tespit edilmesini saglamaktadir. Karsilagtlmas:
muhtemel bir bagka baslangi¢ sorunu ise anotla katot arasinda meydana gelecek bir gaz kisa
devresidir. Zarda olugan bir deligin sebep oldugu bu durum ile aktif katalizor {izerinde
hidrojen ile oksijenin yanmasi kagimlmaz olmakta ve sicakhik ani olarak yikselise
gegmektedir. Dolayisiyla pil devreye alinmadan azot gazi ile yapilacak muayene ile bu
sorunun istesinden gelinebilmektedir. Bu islem igin azot 0.5 bar basinca ayarlanir ve anot
cikist bloke edilir. Katot ¢ikisinda gozlenen gaz akisi zarda meydana gelmis olan bir hasara
isarettir ve zar-elektrot yapismin kesinlikle kullaniimamast gerekmektedir. Belirtilen testlerde
pilin ¢alistiriimasina engel bir durumun gézlenmemesi halinde es zamanh olarak hidrojen ve
oksijen gazlari 5em? lik aktif elektrot alanina sahip test pili igin 0.1 litre/dak ile sisteme
verilir.
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3.5.2 Test Pilinin Performans Olciimlerine Hazir Hale Getirilmesi ve Olgiimlerin
Ahnmasi

Performans 6l¢timlerinin alinabilmesi ancak yakit pilinin karali halde calismasindan sonra
gergeklesmektedir. Yakit pilinin kararhi hale daha ¢abuk getirilmesi i¢in belirli bir yol
izlenmelidir. Buna gore gaz akisi saglanarak calistiriimaya baslayan yakat pili galistirilacag:
sicaklifa yavas yavas cikartilmalidir. Bilindigi gibi zarn proton iletkenligi nemlenme ile
artmaktadir. Ancak, elektrotlarda gelisecek yogunlasma ise gaz akismni engellemektedir.
Dolayisiyla reaksiyon ile olugan su ile pil sicaklik dengesinin korunmas: diistik sicakliklardan
itibaren g6z 6niine alinmalidir. Bu nedenle baslangicta harici nemlendirici de  sistem kararl
halde iken calistirilacagt sicaklikta galistirilmamali ve sicakhigr test piline paralel olarak
yikseltilmelidir. Deneyler sirasinda test pili sicakligi yaklagik 2°C/dak, nemlendirici stcakligs
ise yaklasik 4°C/dak ile yiikseltilerek ¢alistirilacaklari sicakliklarda ¢alismalart saglanmistir.
Ayrica nemlendirici ile test pili arasindaki hat pil sicakligina isitilarak beslenen gazlarin
nemlenme miktan garanti alina alinmistir ve katlarda yogunlasma onlenmistir. Test pili
olgtimlerin yapilacag: sicakliga ulasana kadar kisa devre pozisyonunda ¢ahistirilmistir. Kisa
devre konumu, dis elektriksel devreden en fazla elektronun gegtigi, en fazla reaksiyonun
gergeklestigi ve dolayisiyla en fazla su tiretiminin oldugu durumdur. Daha sonra 1 dakika acik
devre konumunda ¢alistinilmistir. Acik devre ve kisa devre konumlari arasinda ayarl direngle
elektriksel yiik ayarlanarak dongiisel galigma ile performans artist saglanmistir. Bu sekilde 4-5
saat galigtirilan test pili daha sonra kisa devre konumunda ¢alismaya birakilmistir. Sistemin
kararli hale gelmesinin ardindan gerilim-akim siddeti Ol¢timleri alinmigtir. Gerilim degerleri
Advantech PCL-711 A/D veri kaydedici ile kaydedilirken, akim siddeti degerleri 0.00001A
degere duyarli Breymen BMS857 multimetre ile yapilmstir. Olgiim almaya kisa devre
konumundan baslanarak ag¢ik devre konumuna dogru elektriksel yiik miktar1 (dis direng)
arttirllarak devam edilmigtir. Son olarak ta acik devre voltaji kaydedilmistir.
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4 BULGULAR VE YORUMU

4.1 Metalofitalosiyanin Sentezi ve Karakterizasyonu

Sentezlenen maddelerin karakterizasyonu infrared (IR) spektrum ve x-151m kirmnimi (XRD)
analizleri ile gerceklestirilmistir.

4.1.1 Infrared Spektrum

Her maddenin kendine 6zgii bir infrared spektrumu vardir. Dolayisiyla, sentezlenen maddenin
kobalt ve demir fitalosiyanin olup olmadigina karar vermenin en pratik yollarindan biri
sentezlenen maddenin infrared spektrumunu literatiirde verilen kobalt ve demir fitalosiyanin
infrared spektrumu ile kargilastirmaktir. Bu nedenle, sentezlenen maddeler potasyum bromiir
ile hidrolik preste disk haline getirilmis ve IR spektrumlari ODTU Kimya Miihendisligi
Enstriimantal Analiz Laboratuarinda ¢ekilmistir. Elde edilen spektrumlari karsilagtirmak igin
literatiir taramas1 yapilmistir ve uygun spektrumlar Japon Ulusal Ileri Bilim ve Teknoloji IR
veri tabaninda bulunmustur. Analizi kolaylastirmak igin literatiirde bulunan ve EK 1 de Sekil
E.1 ve E.2’de verilen spektrumlar i¢in bilgisayarda gerekli dl¢eklendirmeler yapildiktan sonra
elde edilen spektrum literatirden bulunan spektrum ile Ortiigtiiriilmiistir ve kobalt
fitalosiyanin i¢in Sekil 12 ve demir fitalosiyanin i¢in Sekil 13 elde edilmistir.

Ay
- - ~ A ;;“ I Ly (r“‘z 3 A A
YAV R N AY A7 AL
P VM Afv {‘{{E? SRy
~f L A 4 ! A H » LA
fﬂg{,«u %f {{i‘ f . fi} i ! LI s§ Z f? g i i
o e (R 1% s
i 4 AEN §§$ > E i i | : !
o ~ : ; {
NS | Lo i
i § |l Lo {
| AL L
g |
; AT !
f)# : 1l
. H
E /F‘ ; f\‘
e L AR \
Y N 3 4
ay 1 g E [
JORS o P L
i 7 (] -
‘;}’M‘*v[‘} \ {j \ (VAN
e } -
P |
i
T H
o [ i
/v/ ; .
St //
Vi

Sekil 12 Sentezlenen madde ile literatiirden bulunan kobalt fitalosiyaninin IR spektrum ile
karsilastiriimasi
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Sekil 13 Sentezlenen madde ile literatiirden bulunan*® demir fitalosiyaninin IR spektrum ile
karsilastiriimasi

Sekil 12 ve Sekil 13’te goriildugii gibi sentezlenen maddeler, kobalt fitalosiyanin ve demir
fitalosiyanin ile ayni dalga boylarinda tepe deger vermistir. Bu da sentezlenen maddelerin
kobalt ve demir fitalosiyanin oldugunu kanitlamaktadir. Ancak, yayihm tepe degerlerinin

literatiirden bulunan spektrumda daha bilyiik ve keskin oldugu goriilmiis ve bunun nedeni

aragtirilmistir. Yapilan incelemede kaynaktan bulunan spektrumun Fourier dontistimlii
infrared spektrum (FT-IR) oldugu anlasilmistir. Spektrumu olusturan cihazlar ayni tipte
olmadigindan Sekil 12 ve Sekil 13’te goriilen farklar meydana gelmistir. Sonug olarak,
sentezlenen maddeler infrared spektrum analizinden anlagildign gibi kobalt ve demir
fitalosiyanindir.

4.1.2  X-Istm Kirmim (XRD)

Madde tayinininde X 1sim kirinimi verileri de kullanilabilimktedir. Her madde X 1sinlarini
kendine 6zgii bir ag1 ile kirmaktadir. Degisik agilarda X 1smu ile taranan madde her zaman
ayn1 agida kirtlmaya neden olur.

Sentezlenen maddenin $ekil 14’te verilen X s kinmm  dagilimi ODTU Kimya
Miihendisligi Enstriimantal Analiz Laboratuarinda gekilmistir. Bu grafikte x ekseni kirilma
agisint (20), y ekseni ise kirilma yogunlugunu belirtmektedir. Elde edilen kirilma agist ve
yogunluk degerleri, Tablo 5’te verilen literatiir verileri ile kargilagtinlmistir. Temel ¢izginin
yukari dogru ¢ikma egilimi agir metal igeren numunelerde rastlanan bir durumdur. Kirilma
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yogunlugu hesaplanirken temel ¢izgi Sekil 14’te goriildiigii gibi bu egilim iizerinden ve
parazitleri ortalayacak sekilde ¢izilmistir.

Tablo S Kobalt fitalosiyanin i¢in X-151n1 kirilim verisi (Kaynak: Powder Diffraction File,
Org. Phases Search Manual by Int. Center for Diffraction Data, 1989)

1 12.44 7.1
2 3.204 27.9
3 8.79 10
4 5.60¢ 15.8
5 3.34¢ 26.7
6 3.69; 24.1
7 3.563 25
8 2.93, 30.5

: 0
Tablo 6 da goriilen A degerleri literatiirden bulunmustur. 20 degerleri ise nA=2dsin® formiilii
kullanilarak hesaplanmugtir. Burada nA Cu X-Isin tiipii igin 1.5418 e esittir.

Batiphe Code: SEC Lo Number. X461 1

Sekil 14 Sentezlenen maddenin X 1s1m kirmim dagilimu
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4.2 Farkhi Parametrelerin Platin Katalizorlii PEM Yakat Pili Performans: Uzerine
Etkileri

Bu deneylerde, farkli yakit pili bilesenleri kullanilarak hazirlanan test yakit pillerinin
performanslar iizerine nemlendirme sicakhigy, gaz akis kanali geometrisi ve farkli gaz
difiizyon tabakalarmn etkileri incelenmigtir. Performans 6lgtimleri alinmadan 6nce yakit pili
belli bir siire bir protokole gore ¢aligtirilarak pilin kararh hale gelmesi saglanmistr.

Nemlendirme sicakligt parametresinin performans {izerine olan etkisinin incelendigi
deneylerde kullanilan test yakit pili, OMG firmasindan satin alinan zar-elektrot yapisi ve gaz
diftizyon tabakasi kullanilarak hazirlanmistir. Gaz dagitim plakalari tekh serpantin akis
geometrisine sahip altin kaph baklr plakalardir. Yakit pili sicaklign 30°Cde tutulurken
nemlendlrlcl sicakligi 50,60 ve 70°C sicakliklari arasinda degistirilmistir. Yakit pili aktif alan
25 cm? dir. Hidrojen gaz akis hiz1 0,1 slm (litre/dk), oksijen gazi akis hizi ise 0,1 slm de
tutulmugtur. Conta olarak teflon ve silikon conta kullanilmigtir. Bu yakit pilinde tutucu plaka
olarak ¢elik kullamlmustir.

Gaz akis kanali geometrisinin performans tizerine olan etkisinin incelendigi deneylerde de
OMG firmasindan satin alinan zar-elektrot yapisi ve gaz difiizyon tabakalari kullanilarak test
yakit pili hazirlanmistir. Yakit pilinde kullanilan altin kapli bakir gaz dagitim plakalari CNC
teknolojist ile tekli ve 4’lii serpantin akig geometrisinde islenmistir. Gaz akis kanallarinin
derinligi ve genisligi 1 mm "dir. Performans olgiimleri sirasinda pil sicakhigi 30°C de,
nemlendirici sn:akhgl ise 50°C de tutulmustur. Yakit pili aktif alant tekli serpantm akis kanali
geometrisinde 25 cm?, dortli serpantin akis kanali geometrisinde ise 50 cm? dir. Hidrojen gaz
akis hiz1 0,15 slm (htre/dk) oksijen gazi akis hizi ise 0,1 slm de tutulmustur. Conta olarak
teflon ve silikon conta kullanilmistir. Bu yakat pilinde tutucu plaka olarak ¢elik kullanilmistir.
Farkli gaz difiizyon tabakalarinin performans iizerine etkisinin incelendigi deneylerde ise
farkli yakit pili bilesenleri ile hazirlanmig dort yakit pili AB1, AB2, AB3 ve AB4
~kullantlmastir.

ABI1: Bu test yaklt pilindeki zar-elektrot yapisi Primea firmasindan satin alinmustir ve platin
yiikii 0.6 mg/em? dir. Gaz difiizyon tabakasi ise SGL Carbon’dan satin alinmis olan GDL 30
BC dir.

AB2: Bu test yakit pilinde kullanilan zar-elektrot yapisi ve gaz difiizyon tabakasi
Iaboratuarxmxzda kendi imkanlarimizla Yontem 1’e gére hazirlanmustir. Platin yiikii 0.4
mg/cm’ dir. Zar olarak Nafion 112 kullanilmistir.

AB3: Bu test yaklt pilindeki zar-elektrot yapist Primea firmasindan satin alinmigtir ve platin
yiikii 0.6 mg/cm’ dir. Gaz diftizyon tabakasi ise kendi hazirladigimiz tabakadir.

AB4: Bu test yaklt pilindeki zar-elektrot yapist Primea firmasindan satin alinmigtir ve platin
yiikii 0.6 mg/cm’ dir. Gaz difiizyon tabakasi ise Carbel firmasindan satin alinan karbon
kumastir.

Bu test yakit pillerinin hepsinde gaz dagitim plakasi olarak 25 cm? aktif alana sahip gaz akis
kanali geometrisi tekli serpantin olan altin kapl bakir plaka, conta olarak teflon ve silikon,
tutucu plaka olarak ise gelik kullanilmistir. Hidrojen gazi akis hizi 0,15 slm (litre/dk), oksijen
gazi akis hizi ise 0,1 slm de tutulmu§tur Performans olgtimleri pil sicakhgmmn 30°C de ve
nemlendirme sicakhiginim ise 50°C de oldugu kosullarda yapilmastir,
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Nemlendirme sicakligi parametresinin performans {izerine olan etkisinin incelendigi
deneylerden elde edilen sonuglar Sekil 15’te verilmektedir. Sekilden de goriildiigii gibi sabit
yakat pili sicakligina karsi nemlendirme sicaklis artinldikga performans artmaktadir. Bunun
sebebi test yakit pilinde kullanilan perflorosiilfonik asit ve teflonun kopolimeri olan ve ticari
adi Nafion olarak bilinen zarin nemlenmesiyle birlikte proton iletkenliginin artmasidir. Zar su
molekiillerini absorbe ederek nemlendiginde, protonlar zarm yapisindaki SO3 iyonuna
tutunurlar ve su molekiilleriyle birleserek hidronyum iyonlarin olustururlar. Hidronyum
iyonlar: tamamen hareketlidir ve bir SO3™ iyonundan digerine devamli gegerek nemlenmis
kati elektroliti hidrojen iyonlan igin olduk¢a iletken hale getirirler (Grujicic, 2004).
Dolayisiyla zar yeterince nemlenmeyince proton iletkenligi azalmakta ve direnci artmaktadir.
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akim yogunlugu, mA/cm2

Sekil 15 Nemlendirme sicakhgmin yakit pili performansi iizerine etkisi, Tp;r—‘SOOC

Gaz akis kanali geometrisinin performans {zerine olan etkisinin incelendigi deneylerin

-sonuglan ise Sekil 16’da verilmektedir. Sekilden de goriildiigii gibi aym ortam kosullarinda

akis kanallarinin sayismin tek kanaldan dort kanala cikariimasiyla performans digmisgtir.
Paralel bir ¢cok gaz akis kanalindan akisin olmasi giris ve ¢ikig gazlan arasindaki basing
farkim diisiirmektedir. Ayrica suyun yogunlasmasindan dolayr bir kanalin tikanmasi
durumunda diger kanallardan akig olmaktadir. Burada 4’1i akig kanalli yakit hiicresinin
alaninin 50 cm?, tekli akis kanalli yakit pilinin alanimin ise 25 cm’® oldugunun hatirlatiimast
gereklidir. Elektrot alani arttik¢a akim yogunlugu ayni kalmak sartiyla ayni gerilimde daha
yiiksek akim beklenmektedir. Ancak bu caligmada akis kanali geometrisinin akim yogunlugu
degerini etkiledigi goriilmistiir. Clinkii aym gaz akig hizlar ve nemlendirme sicaklifl, daha
biiyiik alana sahip yakit pilinin nemlenmesi igin yeterli olmamigtir. Serpantin akis kanal
geometrisindeki problem; kanallarin uzun olmasi ve bir ¢ok kanal doniisii olmasina bagh
olarak gazlarin tasinmasi i¢in daha fazla basinca ihtiyag olmasidir.Olusan suyun kanallar
kapatmamas! igin her bir kanaldaki basing diistigtiniin su damlacigini kanalda tutan yiizey
geriliminden daha fazla olmasi gerekmektedir. Boylece gaz akisi durdufunda kanalda su
damlacigini tasgiyabilmeye yetecek kadar basing olmali ve gaz yeniden akmaya baglamalidir.
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Sekil 16 Akis geometrisinin yakit pili performans: iizerine etkisi, TPiFBOOC,TnemZSOOC

Farkh gaz difizyon tabakalarinin performans iizerine etkisinin incelendigi deneylerin
sonuglart Sekil 17°de verilmektedir. Sekilden de goriildiigii gibi farkli gaz difiizyon tabakalan
kullanildiginda performans degismektedir. Bunun sebebi gaz difiizyon tabakalarimn yapisina
bagl olarak akis kanallarindan difiizyon tabakasini gegerek elektrotlara ulasan gazlarin
tasiniminin kolaylasmasi veya zorlasmasi ve tiiketilen oksijen miktarinin artmasma veya
azalmasina baglh olarak yiiksek ve diigiik akim yogunluklarinin elde edilmesidir. Yakit pili
cahsirken gaz difiizyon tabakasinda olugan su, gaz difiizyon tabakasinin efektif porozitesini
degigtirebilir. Bu yiizden gaz difiizyon tabakalarinda hidrofobik yapiyr saglamak amaci ile
teflon kullanilmaktadir. Ayrica gaz diflizyon tabakalarinin kalinhgi da performansi etkileyen
bir faktordiir. Kalinhgin fazla olmasi gazlarin difiizyon yolunu uzattigindan ve fazla ince
olmasi da temas direncini artirdigindan, kalinhgin optimum degerinin saptanmas

. gerekmektedir.
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Sekil 17 Farkli gaz difiizyon tabakalarmin yakit pili performansi tizerine etkisi, Tpi;‘~“3OOC,
Taem=50°C
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Daha sonra yapilan deneyler sonucunda kullanilan contanin kalinliginin fazla olmasindan
dolayr performansin literatiir degerinden diisiik ¢iktifi saptanmistir. Kullanilan conta
inceltilerek yliksek performans degerlerine ulagilmistir. Bu ¢alismanin sonuglar1 Sekil 18°de
ve kullanilan yakit pillerinin bilesenleri ise Tablo 6’da verilmektedir.

Tablo 6 Kullanilan yakit pillerinin bilesenleri

Yakit | Tpil,Tgaz hatti, | Donanim Alan | MEA Conta

pili Tnem (cm’) kalinhg
°C) (mm)

YP1 55,55,55 Electrochem 5 Electrochem 0.2

YP2 55,55,55 Electrochem 5 Electrochem 0.2

YP3 50,85,75 Electrochem 5 OMG 0.6

YP 4 75,75,80 Electrochem 5 Electrochem 0.2

YPS 50,85,75 Electrochem |5 OMG 0.2

YP o6 30,-,70 Laboratuar 25 OMG 0.6

02

01 1

100

200

300

143

400

I {mAicm2)

500 600

700

Sekil 18 Farkli yakit pili bilesenlerinin performans tizerine etkileri

800
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4.3 Katot Elektrotu Metalofitalosiyanin Katalizérler ile Hazirlanan PEM Yakat Pilinin
Performansi

Be hrtllen sekilde fitalosiyaninler ile hazirlanan zar elektrot yapilari Electrochem firmasinin 5
cm? lik aktif alana sahip yakit pilinde denenmistir. Bu yakit pili grafit plakalar ile altin
kaplama bakir akim toplayicilarindan olusmaktadir. Bu pilin laboratuarda gelistirilen pile
tercih edilmesinin nedeni aktif alanimin beste bir olmasi ve dolayisiyla kisith olarak
sentezlenebilen  katalizérlerin - daha etkin  kullammimin =~ saglanmasidir.  Fitalosiyanin
performans arastirma deneylerinde pil sicakligi 55 °C de tutulmustur. Pile gaz tasiyan hatlar
da aktif olarak isitmali hale getirilmis ve pile giren gazlarin tam olarak neme doymus
olmalarini garanti altina alabilmek i¢in bu hatlar 55°C de tutulmustur. Gazlarin nemlenmesi
ise su banyosuna yerlestirilmis gaz yikama sigeleri ile saglanmistir. Belirtilen su banyosunun
sxcakhg ise 80°C de tutulmustur. Zar elektrot yapilarm anot elektrotlar hazirlanirken 0. 4mg
Pt/em® metal yiikii baz almmlgtlr ve yaklasik olarak bu yiike ulasilmistir. Katot elektrotlarda
ise 0.3-0.4 mgD metal/cm’ baz alinmigtir. Elektrot ¢ozeltileri hazirlamrken 0.12g %35 Natfion
cozeltisi/em® kullanilmistir. Deneyleri yapilan bilesenler ise su sekilde hazirlanmistir.

Col: Katot: Karbon siyahina emdirilmis %4 kobalt metali igeren kobalt
fitalosiyanin 1000 °C de piroliz edilmis ve 0.15 mg kobalt/cm® lik
yiikte katot hazirlanmustir.

Anot:  Etek %20 platin igeren katalizor ile 0.38 mg platin /cm® metal
yiikiinde anot elektrotu hazirlanmustir.

Co2: Katot: Karbon siyahmma emdirilmis %4 kobalt metali iceren kobalt
fitalosiyanin 1000 °C de piroliz edilmis ve 0.28 mg kobalt/cm® lik
yiikte katot hazirlanmistir

Anot:  Etek %20 platin igeren katalizor ile 0.35 mg platin /em? metal
ylikiinde anot elektrotu hazirlanmistir.

(Co3: Katot: Karbon siyahina emdirilmis %4 kobalt metali igeren kobalt
fitalosiyanin piroliz edilmemis ve 0.36 mg kobalt/cm?” lik yiikte katot
hazirlanmaistir.

Anot:  Etek %20 platin igeren katalizér ile 0.4 mg platin /cm® metal yitkiinde
anot elektrotu hazirlanmustir.

Co4: Katot: Karbon siyahima emdirilmis %4 kobalt metali igeren kobalt
fitalosiyanin 600 °C de piroliz edilmis ve 0.3 mg kobalt/cm? lik yiikte
katot hazirlanmustir

Anot:  Etek %20 platin igeren katalizor ile 0.4 mg platin /em” metal yiikiinde
anot elektrotu hazirlanmistir.

Fel: Katot: Karbon siyahina emdirilmis %10 demir metali iceren demir
fitalosiyanin 1000 °C de piroliz edilmis ve 0.72 mg demir/em® lik
yiikte katot hazirlanmustir.

Anot:  Etek %20 platin igeren katalizor ile 0.53 mg platin /em’ metal

ylikiinde anot elektrotu hazirlanmistr.
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Fe2: Katot: Karbon siyahina emdirilmis %4 demir metali igeren demir
fitalosiyanin 1000 °C de piroliz edilmis ve 0.23 mg demir/cm’ lik
yiikte katot hazirlanmistir.

Anot:  Etek %20 platin igeren katalizér ile 0.46 mg platin /em® metal
yiikiinde anot elektrotu hazirlanmistir.

Pt Katot: FEtek %20 platin igeren katalizér ile 0.41 mg platin /em® metal
yiikiinde anot elektrotu hazirlanmistir

Anot:  Etek %20 platin igeren katalizor ile 0.37 mg platin /em® metal
yiikiinde anot elektrotu hazirlanmistir

Omg Katot: Metal yiikii bilinmeyen ticari zar elektrot yapist

Anot:  Metal yiikii bilinmeyen ticari zar elektrot yapisi

Belirtilen tekniklerle %4 liik kobalt fitalosiyanin karbon siyahina emdirilmis ve 1000°C de
piroliz edilmistir. Elde edilen aktif katalizorle Col koduyla belirtilen 0.15 mg Co/cm? ve Co2
koduyla belirtilen 0.28mg Co/cm” lik zar elektrot yapilari hazirlanmistir. Elde edilen
performans egrileri Sekil 19°daki gibi elde edilmistir. Metal miktari iki katina ¢ikartildig:
halde performans artisindaki artis iki kat olarak gergeklesmemistir. Bunun elektrot
tabakasinin kalinlasmasindan kaynaklandigi diistiniilebilir.

0.8 :

0.6 1

V(volt)

0.4 -

P \A\‘*\ o Co2: 0.28Co/em’

, | T :

0.2 : « E——
: ; %

Coyit 0.15Co/em?

i

I

O ! H i 1

0 50 100 150 200
I {(mAlem2)

—&—Co1 —4—Co02

Sekil 19 Birim alana diisen kobalt yiikiintin yakit pili performansina etkisi (Tpireri,=1000°C)
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Farkli sicakliklarda piroliz yapilmig kobalt fitalosiyaninlerle birim alandaki kobalt metal
miktar1 sabit tutularak zar elektrot yapilari hazirlanmig ve piroliz sicakhigmin performansa
etkileri de arastinlmistir. Sekil 20°de goriilen Co2, Co3 ve Co4 sirasiyla 1000°C, 0°C ve
600°C de piroliz edilerek hazirlanmig zar elektrot yapilarmi yansitmaktadir. Piroliz sicaklig1
arttikca yakat pili performansinda da artis gézlenmistir.

0,8

0,6

vivolt) [\-¢ SRR IS S B A

0,4 ;
STp=1000°C

i
'

02 E Co3: pirol%z yapnlrgn‘atniis “‘NWWLN Cod: Tp=660°C “"*A
‘ , N\%ngwo ‘
. | |
0 50 100 150 200
I (mA/cm2)

ety 02 ¥ C03 —O0— Co4

Sekil 20 Kobalt fitalosiyanin piroliz sicakhguun yakit pili performansina etkisi

Karbon siyahi emdirilen metal fitalosiyanin miktarmin yakit pili performansina etkileri de
incelenmis ve Sekil 21°de belirtilen performanslar elde edilmistir. Fel ve Fe2 sirasiyla %10
luk ve %4 liik demir iceren demir fitalosiyanin emdirilmis karbonun 1000°C de piroliz
edilmesi sonucu hazirlanmis zar elektrot yapilarinmn performanslarini  gostermektedir.
Sanilanin aksine karbona emdirilen metal fitalosiyanin miktart arttirildiginda performans
artis1 gozlenmemistir. Bilindigi gibi fitalosiyaninler bityiik molekiillerdir. Dolayisiyla yiiksek
miktarda demir fitalosiyaninin karbona dagitilarak emdirilmesi miimkiin olamamaktadir.
Performans diisiisiiniin bundan kaynaklandig: ileri siiriilebilir.
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Sekil 21 Karbon siyaluina emdirilen demir fitalosiyanin miktarinin yakit pili performansina
etkisi (Tpiroliz=1000°C)

Sekil 22°de ise en iyi performans aliman kobalt ve demir fitalosiyaninler ile platin katotlarla
elde edilen performanslarin kargilagtirilmast yapilmistir. Pt ile belirtilen egri laboratuarda
kullanilan tekniklerle hazirlanmis, anot ve katotta 0.4mg Pt/cm’ yike sahip zar elektrot
yapisinin performansim gostermektedir. Burada kullanilan teknik ve zar tamamen aynt olup
fitalosiyanin  kataliz6rlerin  performansinin kargilagtinlmasi  igin iyi bir referans
olusturmaktadir. Omg ile belirtilen egri ise OMG firmasinin ticari zar elektrot yapist ile
yapilan deneyler sirasinda elde edilen performansi yansitmaktadir. Ancak bu zar elektrot
yapisinin metal yiikii (platin miktan) belirtilmediginden laboratuarda hazirlanan Pt zar
elektrot ile kargilagtirilmas1 miimkiin olmamaktadir.
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Sekil 22 Kobalt ve demir fitalosiyaninler ile platin katotlu yakit pillerinin kargilagtiriimasi

Fitalosiyaninler ile yapilan tiim deneyler ile Pt ve Omg zar elektrot yapilarmin

karsilagtinlmasi ise Sekil 23’te verilmistir.
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Sekil 23 Yapilan biitiin performans testlerinin kargilagtiriimasi
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5 SONUCLAR ve ONERILER

Performansa farkli parametrelerin etkisinin incelendigi deneylerin sonuglari hem yakit pilinin
calisma kosullarinin hem de kullanilan yakit pili bilesenlerinin performans iizerine etkisinin
oldugunu goéstermektedir. Dolayisiyla yakit pilinde iyi bir performans elde etmek igin
optimum ¢alisma kosullarinin saglanmasi ve uygun malzemelerin secilmesi gerekmektedir.

Fitalosiyaninler ile yapilan deneylerde kobalt fitalosiyaninlerin demir fitalosiyaninlere gore
daha aktif oldugu goriilmiistiir. Ayrica fitalosiyaninler ile hazirlanmis katot katalizorlerin
yiiksek sicaklikta piroliz edilmesinden sonra aktiflestigi de gdzlemlenmigtir. Piroliz
edilmeyen fitalosiyaninlerde en diisitk performans alimrken 1000°C de piroliz edilen
fitalosiyaninlerin en yiiksek performanst gosterdigi sonucuna ulasgilmistir.  Ancak,
fitalosiyaninler biiyiik molekiiller oldugu igin karbona kisith bir miktar yiiklemek miimkiin
olmaktadir. Bunun sonucunda birim alanda istenilen metal yiikiine ulasabilmek ancak elektrot
kalmlhigini arttirarak miimkiin olmaktadir. Elektrot kalmligini ise belli bir miktarin {stiine
¢ikartmak miimkiin olmamaktadir.

Yapilan deneyler sonucunda elde edilen performans egrileri incelendiginde, katot elektrot
olarak fitalosiyaninlerin kullanildig1 yakat pillerinin performansinin, platinin kullamldig: yakit
pillerinin performansindan ¢ok daha diisiik oldugu goriilmektedir. Ancak, deneylerde
kullanilan karbona emdirilmis platin yiizdesinin fitalosiyanin ylizdesinden ¢ok daha fazla
olmasi, platin elektrotlarin daha aktif kullammini saglamis olabilir. Bu nedenle
fitalosiyaninlerin karbona emdirilebilme yiizdesinin farkli teknikler kullanilarak arttiriimas:
gerekmektedir. Elde edilecek yiiksek miktarda fitalosiyanin yiiklii katalizérler hem daha aktif
olabilecektir hem de elektrot kalinhiginin diismesine bagli olarak katot elektrotun daha efektif
kullanilabilmesi saglanacaktir.

Mevcut PEM yakat pili sistemleri optimum 80°C de ¢alismaktadir. Bu sicaklik yakit pillerinin
nemlenmesi dolayisiyla maksimum proton iletkenligi i¢in gerekmektedir. Bu da 100°C’nin
“{izerinde atmosferik basingta miimkiin olmamaktadir. 200°C de ¢alisan yakit pilleri 1s1 ve giig
uygulamalarinin  entegrasyonunda daha verimli olarak kullanilabilirler. Aynica dig
nemlenmenin azaltilmast veya tamamen ortadan kaldirilmasi yakit pili  sisteminin
karmasikhgmi, agirhgm ve maliyetini onemli olglide azaltacaktir. Ayrica yakit pili
performansi basincin artmasiyla artmaktadir. Yiiksek basinglarda agik devre voltajimn (OCV)
daha yitksek olmasi Nernst denklemiyle agiklanmaktadir. Performans egrisi basimcin
artmasiyla pozitif olarak degismektedir. Bu performans artisinin sebebi reaktan gazlarin kismi
basicmin artmasidir. Dolayisiyla daha yiiksek performans olglimleri yakit pilinin yiiksek
sicaklik ve yiiksek basingta ¢aligmas: ile artacaktir.
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Sekil E.1 Kobalt fitalosiyanin i¢cin KBR diskte ¢ekilmis infrared spektrum
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MATERIAL SAFETY DATA SHEET

"NAFION"FILMS

CHEMICAL PRODUCT/COMPANY IDENTIFICATION

Material Identification
"NAFION" is a registered trademark of DuPont.

Tradenames and Synonyms

"NAFION"117, 120

"NAFION" NE105, NE10O5F, NE1135, NE115N, NE151F,
"NAFION" NE1035, NF1035N,

"NAFION" NE112, NF115,

"NAFION" NX112F, NX115F, NX117F

Company Identification
Manufacturer/Distributor

DuPont Ion Power Incorporated

Fluoropolymers Glasgow Pines Industrial
1007 Market Street Park

Wilmington, DE 102 East Scotland Drive
19898 Bear, DE 19701

(302) 832-9550

Phone Numbers

Product Information 1-(800) 441-7515
Transport Emergency 1-(800) 424-9300
Medical Emergency 1-(800) 441-3637

COMPOSITION/ INFORMATION ON INGREDIENTS

Components

|Material CAS Number 1%

TETRAFLUOROETHYLENE/PERFLUORO
|(4-METHYL-3, 6-DIOXA-7-OCTENE-1-
ISULFONIC ACID) CO POLYMER

‘or ;
TETRAFLUOROETHYLENE/PERFLUORO
(4-METHYL-3, 6-DIOXA-7-OCTENE-1- o
'SULFONYL FLUORIDE) COPOLYMER || 2664977 |100

31175-20-9 100

ﬁSodium Salts of above

o
-~

Components (Remarks)

Material is not known to contain Toxic Chemicals under Section 313 of Title 111 of the Superfund
Amendments and Reauthorization Act of 1986 and 40 CFR part 372.

HAZARDS IDENTIFICATION
Potential Health Effects

ADDITIONAL HEALTH EFFECTS




Read "Safety on Handling and Use” Bulletin E63118 before using "Nafion."”

ACUTE OR IMMEDIATE EFFECTS: ROUTES OF ENTRY AND SYMPTOMS

INGESTION: Not a probable route of exposure

SKIN: Prolonged contact may cause skin irritation to some individuals.

EYE: Reversible cornea opacity and mild conjunctivitis.

INHALATION: Not respirable in pellet form. Inhalation of fumes from overheating or burning
"Nafion," or from smoking tobacco or cigarettes contaminated with polymer dust, may cause
polymer fume fever, a flu-like illness with chills and fever. Symptoms may not occur for several
hours after exposure and go away in 24-48 hours even in absence of treatment.

Carcincgenicity Information

None of the components present in this material at concentrations equal to or greater than 0.1%
are listed by IARC, NTP, OSGA, or ACGIH as a carcinogen.

FIRST AID MEASURES

First Aid

INHALATION

If exposed to fumes from overheating or combustion, remove to fresh air.
SKIN CONTACT

The compound is not likely to be hazardous by skin contact but cleansing the skin after use is
advisable.

EYE CONTACT

In case of contact, immediately flush eyes with plenty of water for at least 15 minutes. Call a
physician.

INGESTION

No specific intervention is indicated as compound is not likely to be hazardous by ingestion. Consult
a physician if necessary.

FIRE FIGHTING MEASURES
Flammable Properties

Flash Point: N/A
Method: N/A

Hazardous gases/vapors produced in fire are hydrogen fluoride (HF), and, organic fluorine
compounds.

Extinguishing Media
Water, Foam, Dry Chemical, CO2
Fire Fighting Instructions

Wear protective clothing and use self-contained breathing equipment to protect from acidic fluoride
fumes.




ACCIDENTAL RELEASE MEASURES
Safeguards (Personnel)

Note: Review the FIREFIGHTING MEASURES and HANDLING (PERSONNEL) sections before
proceeding with cleanup. Use appropriate PERSONAL PROTECTIVE EQUIPMENT during cleanup.

Accidental Release Measures

Pick up to avoid slipping hazard.

HANDLING AND STORAGE

Handliing

See FIRST AID and PERSONAL PROTECTIVE EQUIPMENT Sections.
Storage

Store in cocl, dry place. Keep away from flammable materials.

EXPOSURE CONTROLS/PERSONAL PROTECTION
Engineering Controls

VENTILATION: Local exhaust for operations above 150 C (302 F)
Personal Protective Equipment

EYE/FACE PROTECTION

Wear safety glasses.

Recommended glove material: No information was found for selection of materials of construction
for protective clothing.

RESPIRATOR Use a NIOSH approved positive pressure air supplied respirator if concentrations may
exceed exposure limits. Air purifying respirators are inadequate for this material.

'Exposure guidelines

Exposure Limits
"NAFION"FILMS

Particulates (Not Otherwise Regulated) 15 mg/m3, 8 Hr. TWA, total

PEL (OSHA) dust 5 mg/m3, 8 Hr. TWA, respirable dust

PHYSICAL AND CHEMICAL PROPERTIES

Physical Data

% Volatiles none
Solubility in Water Insoluble
Odor None
Form Membrane
Color Natural

STABILITY AND REACTIVITY
Chemical Stability
Stable at normal temperatures and storage conditions.

Conditions to Avoid



At temperatures above 150 C (302 F), toxic and corrosive decomposition fumes are liberated.
Incompatibility with other materials

None reasonably foreseeable.

Decomposition

HAZARDOUS DECOMPOSITION PRODUCTS- hydrogen fluoride, carbonyl fluoride, toxic fluoro-
organic compounds.

ECOLOGICAL INFORMATION
Ecotoxicological Information

AQUATIC TOXICITY:
No information is available. Toxicity is expected to be low based or insolubility in water.

DISPOSAL CONSIDERATIONS
Waste Disposal

Preferred options for disposal are (1) recycling and (2) landfill. Incinerate only if incinerator is
capable of scrubbing out hydrogen fluoride and other acidic combustion products. Treatment,
storage, transportation, and disposal must be in accordance with applicable federal,
state/provincial, and local regulations.

TRANSPORTATION INFORMATION
Shipping Information

DOT
Not regulated.

.REGULATORY INFORMATION
U.S. Federal Regulations

TSCA Inventory Status:  In compliance with TSCA Inventory requirements for commercial
purposes.

State Regulations (US)
STATE RIGHT-TO-KNOW LAWS

No substances on the state hazardous substances list, for the states indicated below, are used in
the manufacture of the products on this Material Safety Data Sheet.

SUBSTANCES ON THE PENNSYLVANIA HAZARDOUS SUBSTANCES LIST PRESENT AT A
CONCENTRATION OF 1% OR MORE (0.01% FOR SPECIAL HAZARDOUS SUBSTANCES): None
known

WARNING: SUBSTANCES KNOWN TO THE STATE OF CALIFORNIA TO CAUSE CANCER, BIRTH
DEFECTS OR OTHER REPRODUCTIVE HARM: None known.

SUBSTANCES ON THE NEW JERSEY WORKPLACE HAZARDOUS SUBSTANCE LIST PRESENT AT A
CONCENTRATION OF 1% OR MORE (0.1% FOR SUBSTANCES IDENTIFIED AS CARCINOGENS,
MUTAGENS OR TERATOGENS): None known.




OTHER INFORMATION
Additional information

MEDICAL USE: CAUTION: Do not use in medical applications involving permanent implantation in
the human body. For other medial applications see DuPont Bulletin No. H-50102.

The data in this Material Safety Data Sheet relates only to the specific material designated herein
and does not relate to use in combination with any other material or in any process.

Responsibility for MSDS:1L.W. Buxton

Manufacturer Address:
DuPont Fluropolymers
Chesnut Run Plaza 713
Wilmington, DE 19880-0713

Telephone:
(302) 999-4658

Distributor Address:

Ion Power, Inc.

Glasgow Pines Industrial Park
102 East Scotland Drive
Bear, DE 19701 USA

Telephone:
(302) 832-9550

Fax:
(302)832-9551

MATERIAL SAFETY DATA SHEET

REVISED 13-AUG-1999, JULY 19, 2004

Material Identification

LIQUION-1100, LIQUION-1000
Company Identification
MANUFACTURER/DISTRIBUTOR

Ion Power, Inc

102 East Scotland Drive

Bear, DE 19701

PHONE NUMBERS

Product Information : 1-(302)832-9550
Transport Emergency : 1-(800)535-5053
Medical Emergency : 1-(800)535-5053

Components
Material CAS Number %




PERFLUOROSULFONIC ACID/TFE COPOLYMER 31 175-20-9 15

WATER 7732-18-5 50 - 80

1-PROPANOL 71-23-8 0 -10

2-PROPANOL 67-63-0 0 - 15

*METHANOL 67-56-1 <1

MIXED ETHERS AND OTHER VOCs <1

* Disclosure as a toxic chemical is required under Section 313 of

Title IIT of the Superfund Amendments and Reauthorization Act of 1986
and 40 CFR part 372.

Potential Health Effects

ADDITIONAL HEALTH EFFECTS

Read "Safety in Handling and Use" Bulletin E63118 before using
solution of "Nafion".

No data for "Nafion" solutions.

PERFLUOROSULFONIC ACID/TFE COPOLYMER

Prolonged contact may cause skin irritation to some individuals.
Contact with eyes may cause reversible cornea opacity and mild
conjunctivitis.

Inhalation of fumes from overheating or burning "Nafion”, or from
smoking tobacco or cigarettes contaminated with polymer, may cause
polymer fume fever, a flu-like illness with chills and fever.
Symptoms may not occur for several hours after exposure and go
away in 24-48 hours even in absence of treatment.

“Nafion" is a registered trademark of Dupont

1-PROPANOL

Inhalation of n-Propy! Alcohol may cause irritation of the nose

and throat with sneezing, sore throat or runny nose.

Repeated and/or prolonged skin contact with n-Propyl Alcohol may
cause defatting of the skin with itching, redness or rash. There
are inconclusive or unverified reports of human sensitization.

Skin permeation may occur in amounts capable of producing the
effects of systemic toxicity.

Eye contact with n-Propy! Alcohol may cause eye irritation with
tearing, pain or blurred vision. Contact with the vapor or

aerosol may cause eye irritation with tearing, pain or blurred
vision,

Ingestion of n-Propyl Alcohol may cause irritation of the lower
digestive tract with pain or diarrhea. A major ingestion hazard

is aspiration (liquid entering the lungs during ingestion or
vomiting) which may result in "chemical pneumonia”. Symptoms
include coughing, gasping, choking, shortness of breath, bluish
discoloration of the skin, rapid breathing and heart rate, and
fever. Pulmonary edema or bleeding, drowsiness, confusion, coma
and seizures may occur in more serious cases. Symptoms may
develop immediately or as late as 24 hours after exposure,
depending on how much chemical entered the lungs.

Inhalation, ingestion or skin contact with n-Propyl Alcohol may
Cause non-specific effects such as headache, nausea and weakness;
and central nervous system depression with dizziness, confusion,
incoordination, drowsiness or unconsciousness.

Increased susceptibility to the effects of n-Propyl Alcohol may be
observed in persons with pre-existing disease of the skin.
2-PROPANOL

Inhalation of Isopropyl Alcohol may cause irritation of the nose
and throat with sneezing, sore throat or runny nose.

Repeated and/or prolonged skin contact with Isopropyl Alcohol may
cause defatting of the skin with itching, redness or rash. There
are inconclusive or unverified reports of human sensitization.

Eye contact with Isopropy! Alcohol may cause eye irritation or




injury with tearing, pain or blurred vision. Contact with the

vapor or aerosol may cause eye irritation irritation with tearing,
pain or blurred vision.

Ingestion of Isopropyl Alcohol may cause irritation of the

digestive tract with stomach pain, heartburn, nausea, vomiting or
diarrhea; however there may be no symptoms at all. A major
ingestion hazard is aspiration (liquid entering the lungs during
ingestion or vomiting) which may result in "chemical pneumonia”.
Symptoms include coughing, gasping, choking, shortness of breath,
bluish discoloration of the skin, rapid breathing and heart rate,

and fever. Pulmonary edema or bleeding, drowsiness, confusion,
coma and seizures may occur in more serious cases. Symptoms may
develop immediately or as late as 24 hours after exposure,
depending on how much chemical entered the fungs.

Inhalation, ingestion or skin contact with Isopropyl Alcohol may
include non-specific effects such as headache, nausea and
weakness; flushing of the face; and iow blood pressure. Repeated
and/or prolonged exposure may cause central nervous system
depression with dizziness, confusion, incoordination, drowsiness

or unconsciousness. Gross overexposure may cause fatality.
Increased susceptibility to the effects of Isopropyl Alcohol may

be observed in persons with pre-existing disease of the skin.
METHANOL

The fatal dose of Methyl Alcohol by ingestion is from 60 to 250 mi.
Inhalation of Methyl Alcohol may cause irritation of the nose and
throat with sneezing, sore throat or runny nose.

Skin contact with Methyl Alcohol may cause irritation with

itching, burning, redness, swelling or rash. Skin permeation may
occur in amounts capable of producing the effects of systemic toxicity.
Eye contact with Methyl Alcohol may cause eye irritation with
tearing, pain or blurred vision.

Ingestion of Methyl Alcohol may cause irritation of the digestive
tract with stomach pain, heartburn, nausea, vomiting or diarrhea;
however there may be no symptoms at all.

Inhalation, ingestion or skin contact with Methy! Alcoho! by may
cause temporary mild depression of the central nervous system with
dizziness, confusion, incoordination or drowsiness followed by an
asymptomatic period usually ranging from 12 to 24 hours.
‘Metabolic acidosis develops followed by ocular toxicity (visual
disturbance including blindness). Other effects include

non-specific effects such as headache, nausea and weakness. Gross
overexposure may cause pathological changes in the liver and
kidneys; nerve damage with numbness, weakness or muscle rigidity;
tremors; convulsions; and fatality.

Increased susceptibility to the effects of Methyl Alcohol may be
observed in persons with pre-existing disease of the nervous
system, visual system, liver, kidneys, and cardiovascular system.
Carcinogenicity Information

None of the components present in this material at concentrations
equal to or greater than 0.1% are listed by IARC, NTP, OSHA or ACGIH
as a carcinogen.

First Aid

INHALATION

If inhaled, remove to fresh air. If not breathing, give

artificial respiration. If breathing is difficult, give oxygen.

Call a physician.

SKIN CONTACT

Flush skin with water after contact. Wash contaminated clothing
before reuse.

EYE CONTACT



In case of contact, immediately flush eyes with plenty of water

for at least 15 minutes. Call a physician.

INGESTION

If swallowed, do not induce vomiting. Immediately give 2 glasses
of water. Never give anything by mouth to an unconscious person.
Call a physician.

Notes to Physicians

Activated charcoal mixture may be beneficial. Suspend 50 g
activated charcoal in 400 mL water and mix well. Administer 5
mb/kg, or 350 mL for an average adult.

Flammable Properties

Flash Point : 105 F

Method : Closed Cup.

Combustible liquid. Heating can release vapors which can be
ignited. Vapors or gases may travel considerable distances to
ignition source and flash back. Hazardous gases/vapors produced
in fire are carbonyl fluoride, hydrogen fluoride (HF), and, acid
fluorides.

Extinguishing Media

Water, Foam, Dry Chemical, CO2.

Fire Fighting Instructions

Keep personnel removed and upwind of fire. Wear self-contained
breathing apparatus. Wear full protective equipment. Cool
tank/container with water spray.

Safeguards (Personnel)

NOTE: Review FIRE FIGHTING MEASURES and HANDLING (PERSONNEL)
sections before proceeding with clean-up. Use appropriate
PERSONAL PROTECTIVE EQUIPMENT during clean-up.

‘Evacuate personnel, thoroughly ventilate area, use self-contained
breathing apparatus.

Initial Containment

Remove source of heat, sparks, flame, impact, friction or
electricity. Dike spill.

Spill Clean Up

Recover undamaged and minimally contaminated material for reuse
and reclamation. Soak up with sand, oil dry, or other
noncombustible absorbent materials. Dispose of in an approved
container.

Handiing (Personnetl)

Avoid breathing vapors or mist. Avoid contact with eyes, skin, or
clothing.

See FIRST AID and PERSONAL PROTECTIVE EQUIPMENT SECTIONS.
Handling (Physical Aspects)

Keep away from heat, sparks and flames.

Storage

Store in a cool, dry place away from flammable materials.




Engineering Controls

Use only with adequate ventilation. Keep container tightly closed.
Personal Protective Equipment

EYE/FACE PROTECTION

Wear coverall chemical splash goggles and face shield. A full
face mask respirator provides protection from eye irritation.
RESPIRATORS

Use a positive pressure air-supplied respirator if concentrations
may exceed exposure limits. Air-purifying respirators are
inadequate for this material.

PROTECTIVE CLOTHING

Wear chemical resistant clothing to prevent ANY contact with this
product, such as gloves, apron, boots, or whole bodysuit as
appropriate.

# Exposure Guidelines

Applicable Exposure Limits

1-PROPANOL

PEL (OSHA) : 200 ppm, 500 mg/m3, 8 Hr. TWA

TLV (ACGIH) : 200 ppm, 492 mg/m3, 8 Hr. TWA, Skin

STEL 250 ppm, 615 mg/m3

2-PROPANOL

PEL (OSHA) : 400 ppm, 980 mg/m3, 8 Hr. TWA

TLV (ACGIH) : 400 ppm, 8 Hr. TWA

STEL 500 ppm

Notice of Intended Changes (1998)

200 ppm, 8 Hr. TWA, A4

STEL 400 ppm

METHANOL

PEL (OSHA) : 200 ppm, 260 mg/m3, 8 Hr. TWA

TLV (ACGIH) : 200 ppm, 8 Hr. TWA, Skin

STEL 250 ppm

Notice of Intended Changes (1998)

200 ppm, 8 Hr. TWA, Skin, A4

STEL 250 ppm

Physical Data
‘%, Volatiles : 85
Solubility in Water : Complete
Odor : Alcoholic

Form : Liquid

Color : Clear colorless to yellowish
Specific Gravity : 1.0 g/cc

STABILITY AND REACTIVITY
Chemical Stability

Stable at normal temperatures and storage conditions.
Incompatibility with Other Materials

Incompatible with oxidizing materials such as acetyl chioride and
nitric acid.

Decomposition

Decomposes with heat. Hazardous gases or vapors can be released,
including alcohol fumes, carbonyl fluoride, hydrogen fluoride

{HF), acid fluorides.

Animal Data
1-PROPANOL



n-Propyl Alcohol

Oral LD50: 3,830 mg/kg in rats

Dermal LD50: 5.05 mlL/kg in rabbits

Inhalation 4 hour, LC50: > 4,000 ppm in rats

Animal testing indicates n-Propyl Alcohol is 2 moderate eye
irritant but is not a skin irritant.

Single exposure by ingestion to n-Propyl Alcohol caused increased
liver weight, incoordination and hypothermia. Repeated exposure
caused increased adrenals weight, and histopathological changes of
the liver. Long-term exposure caused pathological changes of the
bone marrow, liver, spleen, and heart.

Single exposure by inhalation to n-Propyl Alcohol caused eye
irritation, upper respiratory tract irritation, shallow

respiration, incoordination, narcosis, prostration, and altered
righting reflexes.

No adequate animal data are available to define the carcinogenic
potential of this material. Animal data show developmental
effects only at exposure levels producing other toxic effects in

the adult animal. Reproductive data on male rats show an effect
on reproduction at a concentration that has been associated with
narcotic effects in other studies. Tests have shown that n-Propyl
Alcohol does not cause genetic damage in bacterial or mammalian
cell cultures. It has not been tested in animals for genetic
toxicity.

2-PROPANOL

Isopropyl Alcohol

Oral LD50: 4700 mg/kg in rats

Dermal LD50: 12,900 mg/kg in rabbits

Inhalation 4 hour LC50: 16,000 ppm in rats

Animal testing indicates Isopropy! Alcohol! is 2 moderate eye
irritant and a mild skin irritant.

Repeated skin contact with Isopropy! Aicohol caused dry skin,
decreased body weight and increased lung weight.

Single exposure by ingestion to near lethal doses of Isopropyl
Alcohol caused histopathological changes of the stomach, lungs,
and kidneys; gastrointestinal tract irritation; incoordination ;
lethargy; and inactivity or anaesthesia. Repeated exposure caused
increased weight of the liver, kidney, and adrenais. Long-term
exposure caused incoordination, lethargy and reduced weight gain.
Single exposure by inhalation to Isopropy! Alcohol caused
inactivity or anaesthesia, and histopathological changes of the
nasal cavity, respiratory tract, and auditory canal. Repeated
exposure caused narcosis, decreased motor activity,
incoordination, increased liver weight, and lung, kidney, blood
and spleen effects.

In animal testing Isopropyl Alcohol has not caused
carcinogenicity. Animal data show developmental effects only at
exposure levels producing other toxic effects in the adult animal.
Reproductive data on rats show no change in reproductive
performance. Tests have shown that Isopropyl Alcohol does not
cause genetic damage in bacterial or mammalian cell cultures, or
in animals. Isopropyl Alcohol has not been tested for its ability

to cause permanent genetic damage in reproductive cells of mammals
(not tested for heritable genetic damage).

METHANOL

Methyl Alcohol

Oral LD50: 9,100 mg/kg in rats

Dermal LD50 15,840 mg/kg in rabbits

Inhalation 1 hour LC50: > 145,000 ppm in rats

Animal testing indicates Methy! Alcohol is an eye and skin

irritant.

Eye contact with Methyl Alcohol caused clouding of the eye
(corneal opacity).

Repeated skin contact with higher concentrations of Methyl Alcohol




caused some mortality.

Single exposure by ingestion caused narcosis, liver effects, and
hypothermia. Repeated exposure caused pathological changes of the
eyes and acidosis.

Repeated exposure by inhalation caused irritation of the eyes, and
blindness.

No animal data are available to define the carcinogenicity of

Methyl Aicohol. Exposure of pregnant rats shows the following
developmental effects: reduced birth weight, bone abnormalities,
and behavioral abnormalities. Exposure of pregnant mice shows the
following developmental effects: reduced birth weight, resorption,
and bone abnormalities. No adequate animal data are available to
define the reproductive effects of Methy! Alcohol. Tests have

shown that Methy! Alcohol does not cause genetic damage in
bacterial or mammalian cell cultures, or in animals. Methyl!

Alcohol has not been tested for its ability to cause permanent
genetic damage in reproductive cells of mammals (not tested for
heritable genetic damage).

ECOLOGICAL INFORMATION

Ecotoxicological Information

AQUATIC TOXICITY:

1-PROPANOL

Low toxicity.

48 hour LC50 - Fathead minnows: 5,000 mg/L.
2-PROPANOL

Low toxicity.

96 hour LC50 - Fathead minnows: 3200 mg/L.
METHANOL

Very low toxicity.
96 hour LC50 - Fathead minnows: 28,100 mg/L

Waste Disposal

Preferred options for disposal are: (1) Separate solids from
liquid by precipitation and decanting or filtering. Dispose of

dry solids in a landfill that is permitted, licensed or registered

by a state to manage industrial solid waste. Discharge liquid
filtrate to a wastewater treatment system. (2) Incinerate only if
incinerator is capable of scrubbing out hydrogen fluoride and
other acidic combustion products. Treatment, storage,
transportation, and disposal must be in accordance with applicable
federal, state/provincial, and local regulations.

Discarded material is a RCRA Hazardous Waste. RCRA hazardous
waste number is D001

Shipping Information

DOT/IMO

Proper Shipping Name : Combustible Liquid,
Exemption under 49CFR.173.150.€) and f)
DOT/IMO Label : none regrd

REGULATORY INFORMATION

U.S. Federal Regulations
TSCA Inventory Status : Listed.




TITLE IIT HAZARD CLASSIFICATIONS SECTIONS 311, 312

Acute : Yes

Chronic : Yes

Fire : Yes

Reactivity : No

Pressure : No

State Regulations (U.S.)

STATE RIGHT-TO-KNOW

No substances on the state hazardous substances list, for the
states indicated below, are used in the manufacture of products on
this Material Safety Data Sheet, with the exceptions indicated.
SUBSTANCES ON THE PENNSYLVANIA HAZARDOUS SUBSTANCES
LIST PRESENT

AT A CONCENTRATION OF 1 % OR MORE (0.01% FOR SPECIAL
HAZARDOUS

SUBSTANCES)- Methanol, 1-propanol, methyl propyl ether, propyl ether.
WARNING - SUBSTANCES KNOWN TO THE STATE OF CALIFORNIA TO
CAUSE

CANCER, BIRTH DEFECTS OR OTHER REPRODUCTIVE HARM- None
known.

SUBSTANCES ON THE NEW JERSEY WORKPLACE HAZARDOUS
SUBSTANCE LIST

PRESENT AT A CONCENTRATION OF 1% OR MORE (0.1% FOR
SUBSTANCES

IDENTIFIED AS CARCINOGENS, MUTAGENS OR TERATOGENS)-
Methanol,

1-propanol, methyl propyl ether, propyl ether.

NFPA Rating

Health : 1

Flammability : 1

Reactivity : 0

Additional Information

MEDICAL USE: CAUTION: Do not use in medical applications
involving permanent implantation in the human body. For other
"medical applications see DuPont CAUTION Bulletin No. H-50102.

The data in this Material Safety Data Sheet relates only to the
specific material designated herein and does not relate to use in
combination with any other material or in any process.
Responsibility for MSDS : Stephen Grot

Address : Ion Power, Inc

102 East Scotland Drive

Bear, DE 19701

Telephone : 302-832-9550

http://www.ion-power.com/resources.html#



‘SIGRACET

GDL 10, 30 & 31 Series Gas Diffusion Layer

*SIGRACET Gas Diffusion Layers {GDLs} are “graphitized” carbon fiber-based nonwovens, either papers
or felts, specifically designed to transport reactant gases into and excess liquid product water out of the
electrocatalyst layers of Proton Exchange Membrane (PEM] fuel cells.

The GDL 10 series is our firskgeneration baseline material, which is produced using a novel technique
unique to SGL Carbon. These materials have an open pore structure, good mechanical strength and high
electrical conductivity, and are targeted for use in moderateto-high humidity and higher current density
operating environments. GDL 10 types can also be used with both low or high stack temperatures and in
both ambient or pressurized gas conditions. Stationary and portable power systems are the applications
best suited for GDL 10 types.

The GDL 30/31 series are second-generation product lines based on more conventional nonwoven tech-
nology. These materials were designed to have higher uniformity and tighter tolerances than the GDL 10
series, while maintaining good electrical and mechanical properties. GDL 30 types have a less open pore
structure, or higher bulk density, and are targeted for use in low-fo-moderate humidity and lower current
density operating environments. However, the GDL 30 types can be used in the high current density
regime with reduced reactant humidity. As with GDL 10, the GDL 30/31 product lines can be used across
the entire spectrum of relevant stack operating temperatures and pressures. We recommend the GDL 30
series for use in automotive and portable applications where it is desired for the system to have little or
no external stack humidification. The GDL 31 series is being targeted as a complementary material to
GDL 10, i. e. a thinner, more costeffective version of GDL 10, and is, therefore, also recommended for
stationary and portable applications with supplied humidity.

The GDL 10 and 30 product lines have also been demonstrated successfully as either o cathode GDL or
anode Liquid Diffusion Layer (LDL) in Direct Methanol Fuel Cell {DMFC) applications.

All GDL 10, 30 and 31 substrates are produced in-house by SGL Carbon and are ready for “post-process-
ing”. Our continuous value-added processing steps to the substrate consist of a bulk impregnation of the
fiber matrix with PTFE and our standard carbon/PTFE-blended Microporous Layer {MPL} applied to one
side. The end result is a “finished GDL” ready to be inserted directly into PEM stacks or to be bonded to
CatalystCoated Membranes {CCMs) for producing Unitized Electrode Assemblies (UEAs).

Typical Properties Units GDL10 BB GDL 31 BC GDL30BA GDL 30BC
Thickness & mil 165 13.4 12.2 13.0

; Dicke mm 0,42 0,34 0,31 0,33
Arcal Weight oz/ft- 0.41 G.39 0.31 0.46
Flachengewicht g/m? 125 120 95 140
Porosity % 84 82 81 77
Porositét

Air Permeability m

3 - 3 2 40 0.
Luftdurchl&ssigkeit em?/{em?- sec) p
Spec. Electrice! Resistance
hrovgh plone) @ mQcm? <15 <15 <10 <15

Spez. elektr. Widerstand
(quer zur Ebene}

A Under 0.25 N/em?, sample diameter 13 mm
B Guiley model 4118, 300 cc, 0.1 sq.in orifice
@ 2-point measurement, circular (25 mm diam.)
gold-plated contacts under pressure of 10 bar

[ ® scLcarsoN GROUP



GDL 10, 30 & 31 Series Gas Diffusion Layer

Grades

We supply ®SIGRACET Gas Diffusion Layers in roll form in lengths of 75 +/- 25 m. Our standard roll
width is 45 cm, but we can split parent rolls info multiples thereof, i. e. 2 x 22.5 cm wide rolls, 3 x 15 cm
wide rolls, efc. Sheets stamped to a specified geomeiry are also available if so desired. Substrate PTFE
loadings are available from O to 30 wi%, but 5 wi% and 20 wi% are standard.

GDL“BA” is our hydrophobized substrate with o 5 wi% PTFE loading.

GDL“BB” or “BC” is our hydrophobized substrate (5 wt% PTFE) with our
standard Microporous Layer {MPL} on one side.

Unique Characteristics

Our GDL 10 nonwovens are truly 3-dimensional in fiber orientation. They are more compressible and
resilient when compared with typical 2-dimensional papers. On request, we will advise you on maximum
compression loads for use in bonding to CatalystCoated Membranes {CCMs) or assembling stacks.
Gasket design also needs to take the compression behavior of GDL into account.

The resilience of our GDL 10 is useful in maintaining uniform electrical contact by compensating for the
dimensional changes of other components such as membranes that swell during stack operation.

As with other continuously manufactured webs, properties in the machine and transverse directions are
different; the anisotropy factor is typically 4 to 6.

Our GDL 30/31 is more of a 2-dimensional structure designed to have lower thickness, higher bending
stiffness, lower compression set and lower compressibility than GDL 10. GDL 30/31 has also greatly
improved folerances {thickness and areal weight} and a lower anisotropy factor between the machine and
transverse directions.

® registered trademark of SGL Carbon Group companics

This information is based on our present state of knowledge and is
mtended to provide general notes on our products and their uses. It
should therefore not be construed as guaranteeing specific properties

of the products described or their suitability for a parvicular apph- A,
cation. Any existing industrial property rights must be observed. g & 7~ BOWRE SDAHID
The quality of our products is guaranteed under our “General u SU" CAR“Q' o ¥ Ou ¥

Conditions of Sale™.

‘ ) Fuel Cell Components
DS FC 001 - GDL 10730/ 31 - Rev00

07 2004/0 NA Priated in Germany www.sglearbon.com




012

MSDS FOR
HYDROGEN (COMPRESSED)

Rev 2 (10/2000)

1. Identification of the Substance! Prgparéﬁsn

5. Fire Fighting Measures

and of the Company

Product Name: Hydrogen (Compressed)
Chemical Formula: H,
Energas Limited

Westmorland Street
Hull HUZ OHX

Emergency Telephone No: 01482 329333

Company ldentification:

2. Composition/ Information on Ingredients

Substance/ Preparation: Substance

Components/ impurities: Contains no other
impurities which will
influence the dassification
of the product.

CAS Number: 01333-74-0

EEC Number: 001001009 (from EINECS)

3. Hazardous Properties

Compressed gas.
Extremely flammable (F+).

4. First Aid Measures

Inhalation:

In high concentrations may cause asphyxiation.
Symptoms may include loss of mobility/
consciousness.

Victim may not be aware of asphyxiation.

In low concentrations may cause narcotic effects.
Symptoms may include dizziness, headache, nausea
and fack of co-ordination.

Remove victim to uncontaminated area wearing self-
contained breathing apparatus.

Keep victim warm and rested. Call a doctor.

Apply astificial respiration if breathing has stopped.

Skin/ Eye Contact:
In case of cold burns, flush copiously with water,
obtain medical attention.

Ingestion:
Ingestion is not considered a potential route of

expasure.

Suitable Extinguishing Media:

All known extinguishants can be used. Large fires
should only be fought by the Fire Brigade.

Use dry powder or foam on small fires.

Specific Hazards:
Exposure to fire may cause containers to rupture/

explode.

Specific Methods:

if safe to da sg, clase cylinder valve.

Move container away or cool with water from a
protected position.

Do not extinguish a leaking gas flame unless
absolutely necessary, spontaneous re-ignition may
occur. Extinguish any other fires in area.

None,

Special Protective Equipment for Fire Fighters:
In confined spaces use self-contained breathing

apparatus.
8. Accidental Release Meoasures

Personal Precautions

Evacuate area.

Ensure adequate air ventilation.

Eliminate ignition sources.

Wear self-contained breathing apparatus when
entering area unless atmosphere is proved to be

safe.

Environmental Precautions
Try to stop release. Lighter than air.

Clean Up Methods
Ventilate area.

7. _Handling and Storage

Refer to Energas Storage and Handling instructions.
Ensure equipment is earthed.

Use only properly specified equipment which is
suitable for this product, its supply pressure and
temperature.

Bo not allow backfesed into the container.

Contact Energas Limited if in doubt,
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Storage: 14. Transport Information
Store out-of doors or in a well ventilated store room.
Segregate from oxidant gases ar other flammahte UN Na. 1049
materals in store. Class/ Division 21
Keep away from ignition sources including static ADR/RID item o 21°F
discharges. Emergency Action Code : 2SE
Keep container below 50°C in a well ventitated place.  Hazard ldentification No. : 23
DO NOT SUBJECT CYLINDER TO SHOCK. CEFIC Tremcard No.  :  20/20g32
Labelling ADR : Llabel3: Flammable gas.

8. Exposure Contrals! Persanal Pratection

Personal Protection:
Ensure adequate ventilation.
Do not smoke white handling product.

Wear eye pratection.
8. Physical and Chemical Praperties

Appearance! Colaur: Colourless gas.

Odaur: Odourless

Malecular Weight: 4

Melting Point: -259°C

Bailing Point: -253°C

Critical Temperature: -240°C

Relative Density (Liquidy: 0.07 {water= 1}
Relative Denstity {Gas): 0.07 {air = 1)
Vapour Pressure @ 20°C: Not applicable
Solubitity (water): 1.8 mght

Auto Ignition Temperature: 571°C
Flammability Range: 475 vol % in air

10. Stability and Reactivity

Can form explosive mixture with air.
May react viclently with oxidants.

11. Toxicological Information
Na known toxicological effects from this product.

12. Ecological Information

No known ecological effects from this product.

13. Disposal Considerations

Da nat discharge into areas where there is a risk of
forming an explosive mixture with air, or where its
accumidation could be dangerous.

Waste gas should be flared through a suitable burner
with flash back arrestor.

Contact Energas Limited if guidance is required.

Avo%dkanspcdmveh@desmememadspaceis
nat separated fram the driver's compartment.

Ensure vehicle driver is aware of the potential
hazards of the load and knows what to do in the
event of an accident or emergency.
Ensureaﬂc;éinde;va!vesamdcsedmdmﬂeak&ng
&zdﬂw!oadisﬁmﬂysem«eda&dmmieswm}me

15. R Information

EC Classification : F+; R12

- Symbols - road transport symbals are used and
selected to the most stingent product
ECG{ADR%abe!B:F%amehéegasv

- Risk Phrases
R12 Extremely flammable.

- Safety Phrases
S8 Keep container in a well ventilated place.
S168/33 Keep away from ignition  sources
including static discharges.

18. Other Information

Valve Connection: BS 341 No_4

Ensure all users of this product understand the
flammability hazard and hazards of asphyxiation,
Befare using this product in any new process or
experiment, a thorough material compatibility and
safety study should be carried out.

Details given in this document are believed correct at
the time of going to press.

Whilst proper care has been taken in the preparation
cf&&sdacumem,mﬁamﬁtyferkz}wyardmage
resulting from its use can be accepted.

Refer to Energas limited General Safety and
Handling Data Sheet for further details.
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CYLINDER IDENTIFICATION TO BS EN 1089-3
SHOULDER COLOUR : FLAME RED (RAL 3000) (Green Neck Ring)

ENERGAS GENERAL SAFETY AND HANDLING DATA

1. GENERAL

Only trained persons should handle compressed gases.
Observe all regulations and focal requirements regarding the
storage of containers.

Do not remove or deface {abels provided by the supplier for the
identification of the container contents.

Ascertain the identity of the gas befora using it

Know and understand the properties and hazards associated
with each gas before using it.

When doubt exists as to the correct handling procedure for a

2 HANDLING AND USE

Wear stout gloves.

Never fft a container by the cap or guard unless the supplier
states it is designed for that purpose.

Use a troffey or other suilable device or technique for
transporting heavy containers, even for a short distance.

Where necessary wear suilabls eye and face profection . The
choice between safety glasses, chemical goggles, or full face
shield will depend on the pressure and nature of the gas being
used.

Where necessary for toxic gases see that self-contained
positive pressure breathing apparatus or full face air fne
respirator is available in the vicinity of the working area.

Employ suitable pressure regulaling devices on all conlainers
when the gas is being emitted to systems with a lower pressure
rating than that of the container.

Ascertain that all electrical systems in the area are suitable for
service with each gas.

Never use direct flame or electrical healing devices o raise the
pressure of a container. Containers should not be subjected to
Jtemperatures above 45°C.

Never re-compress a gas mixture without consulting the
supplier. Never attempt {o transfer gases from one container o
another.

Bo not use containers as rollers or supports, or for any other
purpose than to contain the gas as supplied.

Never permit off, grease or ofther readlly combustible
substances to come into contact with valves of containers
cantaining oxygen or other oxidants.

Keep container valve outlets clean and free from contaminants,
particulady off and water.

Do not subject containers to abnormal mechanical shocks which
may cause damage fo their valves or safely devices.

Mever attermnpt fo sepalr or mxify container valves or safety
relief devices. Damaged valves should be reported immediately
to the supplier..

Close the container valve whenever gas is not required even if
the container is stifl connected o the equipment.

3  STORAGE

Containers should be stored in a well ventilated area.  Some
gases will requite a purpose bullt area.

Store containers in a location free from fire risk and away from
sources of heat and ignition. Designation as a oo smoking area

may be desirable.

Gas containers should be segregated in the storage area

acoording to the various categories.

The storage area should be kept clear and access should be
restricted to authorised persons only , the area should be clearly
marked as a slorage area and approptiate hazard waming
signs displayed (Flammable Toxic etc,).

The amount of flammable or toxic gases should be kept o a
minimum.

Flammable should be stored away from
combustible materials.

ather

Containers held in storage should be periodically checked for

Caontainers in storage should be properly secured to prevent
toppling or rolling .

Vertical storage is recommended where the container is
designed for this.

Container valves should be tightly closed and where

appropriate, valve outiets should be capped or plugged. Frotect
containers stored in the open against rusting and extremes of
weather.

Containers should not be stored in conditions
encoirage corrosion.

Store full and emply containers separately and arrange full
containers so that the oldest stock is used first.

likely to

PRODUCTION SHE ADDRESSES

Engineeting and Welding Limited  Energas Limited Energas Limited
Westmorland Street Haslams Lane Brownroyd Street

Hull Alfreton Road Off Thomton Road, Bradford
HUZ OHX Derby, DE22 1EB West Yorkshire, BB 9AF
Tel: 01482 329333 Tel: 01332 364121 Tel: 01274 549090

Fa: $1482 212335 Fax: 01332 281580 Fa 01274 548181

FOR FURTHER INFORMATION CONTACT YOUR NEAREST DISTRIBUTION CENTRE
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MATERIAL SAFETY DATA SHEET

1. CHEMICAL PRODUCT AND COMPANY IDENTIFICATION

MATHESON TRI-GAS, INC. EMERGENCY CONTACT:
959 ROUTE 46 EAST CHEMTREC 1-800-424-9300
PARSIPPANY, NEW JERSEY 07054-0624 INFORMATION CONTACT:

973-257-1100

SUBSTANCE: OXYGEN, COMPRESSED GAS

TRADE NAMES/SYNONYMS:

MTG MSDS 71; OXYGEN; DIOXYGEN; MOLECULAR OXYGEN; OXYGEN MOLECULE; PURE
OXYGEN; UN 1072; 02; MAT12831; RTECS RS2060000

CHEMICAL FAMILY: inorganic, gas

CREATION DATE: Jan 24 1989
REVISION DATE: Sep 18 2003

2. COMPOSITION, INFORMATION ON INGREDIENTS

COMPONENT: OXYGEN, COMPRESSED GAS
CAS NUMBER: 7782-44-7
PERCENTAGE: 100.0

3. HAZARDS IDENTIFICATION

NFPA RATINGS (SCALE 0-4): HEALTH=0 FIRE=0 REACTIVITY=0

EMERGENCY OVERVIEW:

COLOR: colorless

PHYSICAL FORM: gas

ODOR: odorless

MAJOR HEALTH HAZARDS: No significant target effects reported.
PHYSICAL HAZARDS: Containers may rupture or explode if exposed to heat. May ignite combustibles.

POTENTIAL HEALTH EFFECTS:

INHALATION:

SHORT TERM EXPOSURE: irritation, changes in body temperature, nausea, difficulty breathing,
irregular heartbeat, dizziness, disorientation, hallucinations, mood swings, pain in extremities, tremors, lung
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congestion, convulsions

LONG TERM EXPOSURE: irritation, chest pain, lung damage

SKIN CONTACT:

SHORT TERM EXPOSURE: no information on significant adverse effects
LONG TERM EXPOSURE: no information on significant adverse effects
EYE CONTACT:

SHORT TERM EXPOSURE: irritation

LONG TERM EXPOSURE: no information on significant adverse effects
INGESTION:

SHORT TERM EXPOSURE: no information on significant adverse effects
LONG TERM EXPOSURE: no information is available

4. FIRST AID MEASURES

INHALATION: If adverse effects occur, remove to uncontaminated area. Give artificial respiration if not
breathing. Get immediate medical attention.

SKIN CONTACT: Wash exposed skin with soap and water.

EYE CONTACT: Wash eyes immediately with large amounts of water, occasionally lifting upper and
lower lids, until no evidence of chemical remains. Get medical attention immediately.

INGESTION: If a large amount is swallowed, get medical attention.

5. FIRE FIGHTING MEASURES

FIRE AND EXPLOSION HAZARDS: Negligible fire hazard. Oxidizer. May ignite or explode on contact
with combustible materials. Containers may rupture or explode if exposed to heat.

EXTINGUISHING MEDIA: carbon dioxide, regular dry chemical

Large fires: Use regular foam or flood with fine water spray.

FIRE FIGHTING: Move container from fire area if it can be done without risk. Cool containers with water
spray until well after the fire is out. Stay away from the ends of tanks. For fires in cargo or storage area: Cool
containers with water from unmanned hose holder or monitor nozzles until well after fire is out. If this is
impossible then take the following precautions: Keep unnecessary people away, isolate hazard area and deny
entry. Let the fire burn. Use extinguishing agents appropriate for surrounding fire. Cool containers with
water. Apply water from a protected location or from a safe distance.

6. ACCIDENTAL RELEASE MEASURES
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OCCUPATIONAL RELEASE:

Stop leak if possible without personal risk. Avoid contact with combustible materials. Keep unnecessary
people away, isolate hazard area and deny entry. Ventilate closed spaces before entering.

7. HANDLING AND STORAGE

STORAGE: Store and handle in accordance with all current regulations and standards. Subject to storage
regulations: U.S. OSHA 29 CFR 1910.101. Keep separated from incompatible substances.

8. EXPOSURE CONTROLS, PERSONAL PROTECTION

EXPOSURE LIMITS:
OXYGEN, COMPRESSED GAS:
No occupational exposure limits established.

VENTILATION: Provide local exhaust ventilation system. Ensure compliance with applicable exposure
limits.

EYE PROTECTION: Eye protection not required, but recommended.
CLOTHING: Protective clothing is not required.
GLOVES: Protective gloves are not required.

RESPIRATOR: Under conditions of frequent use or heavy exposure, respiratory protection may be needed.
Respiratory protection is ranked in order from minimum to maximum. Consider warning properties before
use. "

For Unknown Concentrations or Immediately Dangerous to Life or Health -

Any supplied-air respirator with full facepiece and operated in a pressure-demand or other positive-pressure
mode in combination with a separate escape supply.

Any self-contained breathing apparatus with a full facepiece.

9. PHYSICAL AND CHEMICAL PROPERTIES

PHYSICAL STATE: gas

COLOR: colorless

ODOR: odorless

TASTE: tasteless

MOLECULAR WEIGHT: 31.9988
MOLECULAR FORMULA: 02
BOILING POINT: -297 F (-183C)
FREEZING POINT: -360 F (-218 C)
VAPOR PRESSURE: 760 mmHg @ -183 C
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VAPOR DENSITY (air=1): 1.1

SPECIFIC GRAVITY: Not applicable

DENSITY: 1309 g/ @ 25C

WATER SOLUBILITY: 3.2% @ 25 C

PH: Not applicable

VOLATILITY: Not applicable

ODOR THRESHOLD: Not available

EVAPORATION RATE: Not applicable

VISCOSITY: 0.02075cP @ 25 C

COEFFICIENT OF WATER/OIL DISTRIBUTION: Not applicable
SOLVENT SOLUBILITY:

Soluble: alcohol

10. STABILITY AND REACTIVITY

REACTIVITY: Stable at normal temperatures and pressure.

CONDITIONS TO AVOID: Avoid contact with combustible materials. Protect from physical damage and
heat. Containers may rupture or explode if exposed to heat.

INCOMPATIBILITIES: combustible materials, halo carbons, metals, bases, reducing agents, amines,
metal salts, oxidizing materials

HAZARDOUS DECOMPOSITION:
Thermal decomposition products: miscellaneous decomposition products

POLYMERIZATION: Will not polymerize.

11. TOXICOLOGICAL INFORMATION

OXYGEN, COMPRESSED GAS:

ACUTE TOXICITY LEVEL: Insufficient Data.
MUTAGENIC DATA: Available.
REPRODUCTIVE EFFECTS DATA: Available.

OXYGEN, COMPRESSED GAS:

ACUTE TOXICITY LEVEL: Insufficient Data.
MUTAGENIC DATA: Available.
REPRODUCTIVE EFFECTS DATA: Available.

12. ECOLOGICAL INFORMATION

Not available



MATHESON
TRI*GAS

ask. . The Gas Professionals™ Page 50f6

13. DISPOSAL CONSIDERATIONS

Dispose in accordance with all applicable regulations. Subject to disposal regulations: U.S. EPA 40 CFR
262. Hazardous Waste Number(s): D0O0O1.

14. TRANSPORT INFORMATION

U.S.DOT 49 CFR 172.101:

PROPER SHIPPING NAME: Oxygen, compressed
ID NUMBER: UN1072

HAZARD CLASS OR DIVISION: 2.2
LABELING REQUIREMENTS: 2.2; 5.1

CANADIAN TRANSPORTATION OF DANGEROUS GOODS:
SHIPPING NAME: Oxygen, compressed

UN NUMBER: UN1072

CLASS: 2.2;5.1

15. REGULATORY INFORMATION

U.S. REGULATIONS:
CERCLA SECTIONS 102a/103 HAZARDOUS SUBSTANCES (40 CFR 302.4): Not regulated.

SARA TITLE I SECTION 302 EXTREMELY HAZARDOUS SUBSTANCES (40 CFR 355.30): Not
regujated.

SARA TITLE III SECTION 304 EXTREMELY HAZARDOUS SUBSTANCES (40 CFR 355.40): Not
regulated.

SARA TITLE III SARA SECTIONS 311/312 HAZARDOUS CATEGORIES (40 CFR 370.21):
ACUTE: No 4

CHRONIC: No

FIRE: Yes

REACTIVE: No

SUDDEN RELEASE: Yes

SARA TITLE III SECTION 313 (40 CFR 372.65): Not regulated.
OSHA PROCESS SAFETY (29CFR1910.119): Not regulated.

STATE REGULATIONS:
California Proposition 65: Not regulated.
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CANADIAN REGULATIONS:

WHMIS CLASSIFICATION: A, C.

NATIONAL INVENTORY STATUS:
U.S. INVENTORY (T SCA): Listed on inventory.

TSCA 12(b) EXPORT NOTIFICATION: Not listed.

CANADA INVENTORY (DSL/NDSL): Not determined.

16. OTHER INFORMATION

©Copyright 1984-2005 MDL Information Systems, Inc. All rights reserved.

INFORMATION HEREIN, INCLUDING BUT NOT LIMITED TO ANY IMPLIED WARRANTY
OF MERCHANTABILITY OR FITNESS FOR USE. MATHESON TRI-GAS, INC. SHALL NOT BE
LIABLE FOR ANY PERSONAL INJ URY, PROPERTY OR OTHER DAMAGES OF ANY
NATURE, WHETHER COMPENSATOR » CONSEQUENTIAL, EXEMPLARY, OR
OTHERWISE, RESULTING FROM ANY PUBLICATION, USE OR RELIANCE UPON THE
INFORMATION HEREIN.
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Proje Bashgi: Metalofitalosiyaninlerin sentezi ve yakt pillerinin performansina etkileri
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Oz (en ¢ok 70 kelime):

Proton degigim zarl yakit pillerinde katalizor olarak platinin kullamlmasi maliyeti énemli
dlgtde artirdifindan maliyeti diigiirecek alternatif bir katalizér geligtirilmesi hedeflenmistir.
Metalofitalosiyaninlerin katot elektrotu igin alternatif bir katalizér olabilecegi
diisiiniilmektedir. Bu ¢aligmada kobalt ve demir fitalosiyaninler fitalik anhidrit-iire metodu ile
sentezlenmig ve karakterize edilmigtir. Katalizor olarak %4 kobalt veya %4 ila %10 demir
igeren fitalosiyanin-karbon siyahi yapisi, emdirme yontemi ile hazirlanmistir. Piroliz
edilmemis katalizérlerle ve 600°C ila 1000°C’de piroliz edileren katalizorler ile katot
elektrotlart hazirlannugtir. Tekli yakit pili test hiicresinde yapilan performans lgtimleri
sonucunda denenenler arasindaki en aktif kataliz6riin 1000°C’de piroliz yapilmis %4 kobalt
igeren kobalt fitalosiyanin-karbon siyahi yapisi oldugu sonucuna vanimistir.

Anahtar Kelimeler: Proton degisim zarli yakat pilleri, yakit hiicresi, metalofitalosiyaninler,
hidrojen

Projeden Kaynaklanan Yayinlar:

Eroglu I., Yazaydin A.O., Tiirker L., Development of a Proton Exchange Membrane Fuel
Cell, Article 278¢, AIChE (American Institute of Chemical Engineers) 2003 Annual Meeting,
16-21 November, San Francisco — USA.

Yazaydin A.O., Investigation of New Horizons on H,/O; Proton Exchange Membrane Fuel
Cells, (M.Sc Thesis), ODTU Miihendislik Fakiiltesi, Kimya Miihendisligi Boliimii, 2003.

Bayrakgeken A., Tiirker L., Eroglu 1., Proton Degisim Zarl: Bir Yakit Hiicresinin Performansi|
Uzerine Farkli Parametrelerin Etkisi, Ulusal Kimya Miihendisligi Kongresi-6 (UKMKS6), 07
10 Eyliil 2004, Izmir-Tiirkiye.
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