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Preparation metal coated with composite carbon bipolar plate for proton exchange 

membrane fuel cell was studied. Carbon composite was composed of graphite powder and 

binder. The carbon composite was coated on stainless steel by spraying method. This research 

studied the parameter effects on the conductivity and the corrosion of coated metal. Studied 

parameters were types of binders (epoxy resin and Zn resin), types of graphite powder, the 

amount of graphite powder, thickness of coating and temperatme before and after coating. As 

the results, carbon composite with epoxy resin binder had higher Interfacial Contact 

Resistance (ICR) than Zn resin binder. Carbon brush powder (CB) and graphte (BDH) gave 

higher the in-plane conductivity, but Carbon brush powder (CB) had lower corrosion rate. ICR 

and corrosion rate decreased with increasing of carbon powder. The increasing of the thicla~ss 

coating from 0.05 to 0.2 mrn decreased the in-plane conductivity and corrosion. The 

temperature before and after coating had no effect on ICR. From the cell perfxmance test, 

flow field plate of stainless steel coated carbon composite gave the current density at 0.6 V 

(382.4 mA/cm2) lower than the commercial graphite flow field plate (422.8 mA/cm') beeauw 

stainless steel coated carbon composite flow field plate may be low stability. 
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md: 
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ditrmedeci?d.rl~d~Euiln'mlA3~uunt:d~ipiu Diffiion ~acking drznuilman 
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A lu~t1iurinrd~drzn~uuir3uR'u rziiam3un'uii Membrane Electrode Assembly (MEA) 

I u n i ~ n h ~ ~ m n ' ~ ~ a a n ' ~ ~ u " ~ ~ w n 6 E ~ ~ r # a ~ ~ ~ ~ c i u ~ r z n ~ d # o ~ ~ 1 ~ 0 ~ ~ ~ r i a r # i u u a ~  

MEA lm~viud~rnud#aa~nd1'1~~3~~1~8urinriu MEA t~uJa~nirlnnu~~ttni( (Plow - 
i t  a d  

charnil t ~ ~ 1 f i ~ n 1 ~ t 6 ~ ( 1 ~ ~ ~ t n " ~ l . n ' ~ G 1 f i 1 d ~ ~ m ~ a ~ t ' ~ 1 n l n ~  XotdrmuXunnrfild41l# 

iittnznuciannia:n~iu~fiun~fi~.~l# iiuniuiud~rnu&i upiuh~nitnnlwnra~un (ROW 

field plate) unzdm~1dfl1nrrtmld311Indn~du'uult&~a i t n ~ l r l i  uannn$ulb~~tuiu 

drrtflu ddnuu.%$!mn~u nuriaq~lng~qittnz~lr~nno'p~lfi d~.rinrl#l#~iue~lu 

ilrqliu% Tdm 168 S f i k  bafiwJdle~riu~~n"nlu7X~~Gu dqrrunrn~fluttinzw#i 
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2.10 lWtf&CW?4dR PEM [I91 
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nnn'14otfiii~riifi PEM tduwu~iuroctmn~aotn~~nunirtd"R~~u~iSunir~~iud 
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tiinas&t~u rt i l r l i lnmii~tmtft~~~mrkmr~~iufbuif  lnnriiurmn' m.rviiauwiu 

~ i n ~ e u ~ ~ ~ ~ ~ i t i u u n o ~ I ~ ~ a . j t f i ~ t f U d u ~ i n ~ ~ q i d u ~ ~ ~ ~ i i  rlniOn PiMAildlqq nnznu 

riannimniaunnmii~fi tviu~mrzlcfi~~iniuu~~oqF~ CJ~'tfU~~unntftionr~~~~mtoin 
d um1rl6tda~einnun1~6mnioulfi~m~d~nmplaiu#1uniu!~iuY~u udrininrr~i~nzuu 

t r l r  l ~ ~ ~ i c i n t ~ o t n n d ~ ~ z  Ajuur~unin?cuuii~~qdiqq n~ol~ttnuumlrleiflmr'u~~i~t~iwJi 
nrzm~~dittuunoqiq ni iueunounai7f i !b; l~i~~' idq~iml~1~~8~tt~~1nf ~:ttrl'lddi 

9 - 9  

ttuufioqtqroqrm6tdam3q~fi PEM tw~a~nmm~iu8iunwbfi~diin~nziitimu~onir 

cicnieuBp icniuaunauwoi7nkiiba tiluiuni~riilrlili nnuni$uu8nq.junriimr 
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Bipolar 1 

CortOa Nen-caated 

Pomw larrterirls and metal fauns 

TiN-coated F e - b l s e d a m e r p h . w ~  

CrNICrJV coating model Ni-Cr alloy 
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plate L-X 

t Carbidebased amorphans metallic mating alloy 

Conducting polymer-based ma@ 

Metal 
i 

1 metal 

1 Physical vapor depddon (PVD) coaling 

site 

-Nan param graphite plate - Metal based 

Metal plate 

- Carbon based 
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-3iqItflu~~u~m~hns (pmom nutrms ma metal foam) 

~nrmr nd ~ s d d y  1251 #nui?jnqdtdulvtuiio Innziiniiin-lnrGau ( t iu  ~c s ~ ,  c 
2%, Cr 3&W/% Ni 1 d l i ~ U )  U ) ~ ~ J ~ ) ( ~ ~ U A ~ ~ J Y U M ~ ~ U  50 Porn per inch (PPI) t b ( ~ ~ ~ ~ ~ l ~ i / n f l f l f i l  



~ ~ 3 . 2  tduladdluIlimijeuih (CWW mta~ W l a r  plates) 
d  u  ~viur?imrunlddi~cuu~o~~a6mln~zntfinouGa~zilo.jn'un1~hniou rn~rnihu 

4 - 4 d u  4 a Garru~mmutiun'~lnnr~w*oilo4n'un1~n'mni~ inqno~runntnonlum3~fiR"ouwano 

m~uauunrlnn: 1261 fii~uaudl~ufiirm~8u~arzfau8~~~nf'Id6 Inn'luoWilddi 

rniueudkr~nfi~n~iamn eoilrniin luluvoo'u~oi daulnnr bn: lulmrd unr b n r  

nirluri d4~umaduTnqd~nnbuiia IuouifinrrBni~mn'ouiiaInwr I(~uni~l$anqij 
d lumr~fiiiauiiafiitX~n'~~n~uIu~~<ululfi~~1m~ [27] lmumruaunircnn'~u~art:uun'u 

mfi~firaani~ciuuim~~fiit"ouiiaro.j~~~u~in~r~~fi~~.b~i~~uufio~fa M* [28] nirlC 

miuouunrbwzlduT~~qd~n~ndou~~nzaru'mr~~n~iuoudl&du~~~~nn'o~~ umld6 b- 
iiu~oiriild4ji niiuounff7umw lulurcon'uei3unSu' lnur Innr lulmsn' u n ~  lnnrfiii 

b 6  nldm~#uir.um~a~su~uiwriin~::~~~l~~~uuu~o~~a~~nr~nnCfilun~rtfid~u~ud~ 
nrrunl*fiiuuunaqk <qu~fimalumi~i.rd 2.1 ~~n~d~au l i /u rn '~d in i~ t lm(~~m~. j~aw~u"  

(CTE) m~i lo~n 'un i~hniouro~nn~f iZoui j , l~~n~arn~~d~~~ura~~~nn '~C~nn '~~uu~~u 

luruunnddauldmau ~ ~ a n i r ~ i . t i u a a ~ ~ m ~ ~ ~ o ~ ~ ~ ~ ~ n ~ f f i i ~ 1 u d ~ z 1 1 n ~ ~ ~ 1 n ~ 1  1 0  
d 2  

a~rn~ml%n u n m i r d ~ ~ n r r a ~ a ~ ~ ~ ~ ~ m ~ f u u n n f i i ~ i u ~ m r w ~ n ~ f f i ~ ~ ~ u ~ u ~ a ~ ~ ~ w ~ ~ d  
.d i umnri14n'urrni14 75-125 o.~~i l rnr3u~ uunYyaru'mnirdi.~iuao.~~n~o4~16 dinir~ui&a 

d A r ro~~~lnqiiiidiu~nnci~~n'uuinfi~tX~ukro~~aqnmnouij,~ndin~u uciiiiimniinn&dfii 
4- I ~ ~ n ' i m r r ~ i u h ~ ~ ~ ~ o l n q u u n i f i a i u ~ ~ m n p i ~ ~ n ' u ~ o ~ ~ o  ni~mo'ouiiaha-inq61~an 

or~iiliiau ne4um4 unziin~iin upirrfiilXiin'im~n'mniou~~lunn~arn~ffi~~~uro~~'~~nR' 
d laernn^~rCmluuaru~~nn~ddauld~mou oriial~iinurn~mo'auiia~aainqeti~~~iu 

o:qij~iim dodoin iinliin 1~n'ini~do~~um~n'mniaulX~~ru'o~rli w LG wn'ulln11d6d 

l~u~uuuuuaPiuju~infr11rl1~ld7i1uufio4Ea < ~ ~ u ~ ~ ~ ~ i i n i ~ l r n ~ ~ . j ~ n i f u n r n ~ r u a u n i ~  

l u u m ~ ~ i i a u k u a ~ l n n r ~ ~ ~ i ~ ~  nnrnnniieudii.r4fin'ul4<~6 



- mnSeHmdi~e i r f i l dA i  (CO- ~IJWMPIMSHI -) 

shine a d. 1291 ilnvini~~mn'auii~tndnn4(1lQrru'u (WS 304) i i~aai i tuoinai iar i i  

%J (PANI) l l ~ ~ ~ f l ~ ? l ~ ' Z f ~  (PPY) b l ? ~ ~ ~ ~ ~ ? ~ f n ' l l t l f l ' I d ~ l  I ~ ~ u I B ~ J z Y ~ u ~ I ~  Cyclic - 
V O ~ ~ ~ C Q  ~ u n n d m a ~ t u 8 1 f ~ d u  u n s r n ~ a e n ~ u w e ~ ~ ~ ~ ~ 1 ~ ~  niran'aurra8luain~uu 

1~8nnhl~rru'unnno11~in1~ii~1ni~~i~nr~~iubiiuniui5u~nn1uIbi~n1~~n1~d1o1~~~.~ 

t m r r ' ~ ~ a t n ~ r u ' ~ ~ u u ~ ~ f u u n n t d ~ u u ' Z d ~ ~  ~ n i r d ~ u d ~ ~ d ~ n i r ~ ~ n i ~ u u n t ~ ~ ~ ? ~ u  

~ iuniudu~'nC/uauiul~a~r in i~~ium~nuan::d ia1m~C/~3mk1d~nlnr~u 







- (T~N-coated) 

Li et al. [31] ~ ~ ~ i n i 3 6 f i ~ b ~ ~ 3 6 d ~ 6 ~ ~ ~ ~ d i ' I f f l u ' ~  (SUS 316) bi'?~~nni6d?Jul~l~f 60: 
~ ~ ~ ~ u ~ u ~ n u i ~ n i ~ n ' ~ n i o ~ ~ ~ ~ n ~ a ~ n i ~ ~ l i ~ i ~ ~ ~ ~ ~ ~ n d ~ ~ o ~ ~ S i l ' ~ ~ u ' m ~ u u ~ u ~ ~ t ~ n n ~ d d ? ~ u  

h h s u  k~nz!#nmflouariut~6nndi!fflu"u (sUS 316) ~ m ~ o u ~ a ~ u ~ n n i ~ ~ u u ~ u ~ m z ~ ~ u  

~1~11zniunzfl luIf l~tl~oi it l  o .o iIuni~io~i~n:niuI '~~~~uuSn~dvi  I~U~~LL%D~~~~BULL~~LL~"II '  
laI~rr,u t4~n~u'tl%nizTflni4ttliilvlAi wui~ni~~tl~~ubiiulnni~il~~l~lm~n'~zn~u~z~d~~n'u 

ni~kniaul f i  ~m:1~di1~uiu~~dnndi~ftlu'u~n'fln1~~nio~6u"o6fifl"6u~a~a~1nn16dw~u 

lm~n'ni~l~&ulvrnrd1.j7uvo4trnn't4~~vS~ 4 h b 4  vuiiflmr qqdanit ttlii~u Galnnitdw 

1ubmi~daa~~unniazn11~114iuv~~~~n' f lo~n~u iooo hIu4 i lnz~~~r r in lu Iv i~1~~  240 kIu4 

mrub161 n i rm~ouh~nbnndi~ f r ru 'u#~u~nni~~~~~u~v i~~  wuiiszd9iillo?rnSlni3iimniou~~tlz 

ri1ni~41ll'l*(iil~ni1~~~nnd1lftru'u~lu'l6;iiuni~~tldouE~~~n~ tuouitl~~~zl#d~~d~.~~o~niv 

unsnirla~aru~4n1~ktlfl"ou~ndnnd1~f~u'u6;a~'Inn16d?~u~~'Im~n'n1u'I#~~ uu ni~~nffauwan 

dFs;rnil 

- CrN/CrJ+i dbdd~Q-(Ckl3dtl~#m8tl (CrNlCr2N coating model Ni-Cr .Iky) 

Hung et d. [32] ~ n ~ i n i ~ ~ ~ ~ ~ n ~ ~ ~ ~ a u n ~ ~ l ~ l m ~ n ' ~ n ~ ~ # a u t l ~ i u f ~ ~ ~ ~ n ~ ~ ~ ~ n " o ~ ~  

CrNICrp 1cln"auii?uuu'n1iin-~n~duuo'nnou rruiidilXdo~cium~n'nnioul&~1n~iidma1u 
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ldl8u NiCr llnz Ni (Fe)-Cr uu~nnouu~~f n~tijrm~~zKuGouniifounz 35 roamrdilulmmn' 
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r i i ~ h ~ z l u r r n m n d i ~ n ~ v o 4 1 r n r i ~ ~ m d ~ l ~ ~ u  

- r ( ~ m l ~ Y ~ i ~ y A ~ d t t ~ y u T ~ ~ ~ ~  (~ .r~de+aset i  mmphors coating 

F& & al. [33] ~ ~ ~ u i n i . r ~ o ~ n ' u n i s 6 m n ~ o u ~ f l u n 1 ~ m n " ~ u ~ o d o ~ t l 1 f n l ~ ~ n ~ u ~  
A I A a ~ p u ' ~ i i ~ u n ~ m d n n ~ ~ ~ f r r u " u ~ w * a ~ m ~ u u ~ ~ ~ ~ ~ ~ ~ ~ ~ n ~ z ~ ~ i l ~ d ~ ~ t ~ ~ u f l ~ ~ ~ a v ~ ~ a ~ ~ n n ~ ~ ~ u n  

nnrlnl~Zm 625 m 1 ~ i ~ ~ m ~ w m ~ ~ ~ m ~ ~ ~ ~ 6 u ~ ~ n r l d ~ n 1 u I X ~ a ~ ~ d r ~ ~ n z n 1 ~ d 1 ~ 1 ~ n d 1 ( 1 n ' ~  K4 
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Time. hr 

- mddmn'~mmnir PW vapor deposition @w) cartlnb) 

L& .I. [U] d m i n n d r : ~ ~ : u ~ ~ n i ~  m luni~tniiau ~zuoor 3thmfiiutnmn~uu 

arqlirjm6nn'nneu swz tmtviutv#nndil#rru'u ~ ~ 3 1 6  n f i n a u d r ~ i l n t n r n l ~ ~ t n r  'Id6 k u  

Cnmr h m ' e u m l h i n ~ n ~ r r l l n n i ~ ~  L* uhergu'ri5armn: uhn~nnif i l fni iudd~nir  

~miiou'r?dwciuunrlrli n~naulu1md1~~miit~~ntiAu~%n31u~iu111~8u~'1t(ltn:nfin0u 

d3ziln~nmqsrlmn'tJ8tn3q dulhnrdddittuutn~t: dan'auli?unr:u?uni m uuuh  
d r arqiliiuu 5052 un:tlhmbnndil#rrw'u SUS316 ~~~nsnauilanuuuttpiutvdndil~rru'u 

d r 
SUS316 ~ X ~ i n i ~ ~ ~ n i o u u i n n i i  YWWI ncfinouii~nruu~~riuazqu'~iiuu 8ti14bfiniutth 

" d; twilndilt ir iuda~uk~:d n ~ i u X n m i u # u ~ n c l ~ n i ~ i ~ ~ ~ l X d ~ : ~ n i i n ~ m n n r l ~ ~ ~ ~ u ~ n n i ~  
4 4  A a twha:quluammneuii? 
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1. wrmllr)iGFt RGN-C 

2. wimrlrJriGFt BDH 

3. W4111.h 4filU (CB) 

4. ~ 4 6 6 f t ~  Mdl6i)l High coductivity 

5. ~.jniiueurrudn (Carbon black) 

6. '5~0&11% No. 100 

7. w a ~ r a h ' ~ ~ .  100 

8. nai)lluriin~fu(iu 65% 

9. nrnGo3ainiGuGu 98% 

A 
2. ~ f l ~ 0 4 % f l ? X J ~ l J l  (Thickness gauge) 547-401 MiMoyo 

3. kG6mi (~ tdtbmkr)  Modcl RM- 15 Sangchai meter 

4. ~flt84 P o k n t i W G a l ~  Model p3AUl70558 pAUTOLAB 
4 .. 

5. r n ~ a r ~ d u  Mdel175 Crescendo air brush L ~ ~ U P ~ I ~ I . ! ~ " ~ I  2 unnwl~ 
Y 

n?w&J~unu 10 lb/in2 



6. l d Q ~ ? u f l l ~  (Overhead stin-er) R W Z O . ~ $ X ~  KIKA works 

7. Laser particle size analyser 

8. {QU 

9. ui3niTut~ai 

lO.l?Q~l~U 
A & *  

11. rn.ro~a~QinCn & ~ # n z d a ~ r n d m  2 riiunri~ tm-4 4iunri.r 

12.1Lpiu~ndnnlr7lfdu (sus 304) 

13. uPiuno.jtrfi4 

14. ~ & O = Q ~ L ~ Z I U  

16. hfi16.I~~ (Carbon Cloth) 
# 

4 4 17. dinninuu(mr~iu 

A r imradnirumvo.raynm (Particle sia) aotw~unrlrlri~mrnn'um l f i a l h w m a  

iar~rinwumvotoynm ~ a s a  pticlc siz. lm(ldn~ihdlJunrM4 5 rru'm ko iwumMd 

ru'm RGNC w.runrldrirrû m BDH w~unrldidifi HW d v i t y  ~.rftdu~~~uu~bn 

(Carbon black) LLII=PNLL~'I~OIIU (CB) 

icclnzinia?ilmui~triu ( h a y )  ra~munr lrlri4if fimfiw.rt~nr1dindouttX.rd 

~ c n a u n ~ i u ~ u ~ u  loo ~Pmlmrn~a nfIut?niuiu 1 h l u ~  rindudilXdunalu 
II l a g m f t ~ ~ t t ~ ~ ~ i l d d m t ~ ~ ~ ~ ~ n m ~ ~ u u ~ f i f i u ~ r  6 u'nn'S.7 diwtw~ldlnunrruen 

9 .  * 
n?~ruuGuIXI#fiuinr 3 riniin'mr n ~ ~ u r i ~ ~ ~ ~ i n l i n ~ ~ ~ n i r ~ ~ ~ ~ n ~ n 3 i . r n 1 ~ ~ f i r 1 n E ~ n 1  

.I narr~~uiuriumiurmnirn (3.1) 



(2) ~n3mw~un~lrlri (H.JLLMI~~~Y~~CI RGN-C wu~~n3Idiidi~ BDH unr w~ud3qdn~ 
r :  

(cB)) kimU'nilmt\fo&qimU'n ndm 4 iiumiq m r s w u m I ~ f i ~ ~ m i o u  



* nirkn?.lunul~?u6~~o~%fi?iu~ui (Thickness gauge) lfi& 5 qmclrcch~iu~aafl 
9 d d y u ~  4ntnrm3~nai~ra~&~iuh 1 q m ~ ~ ~ n i ~ i i ~ n m ~ i u n u i ~ ~ ~ C ~ i u n ' c u n i ~  

nn'oubj? 



d a 
~ ~ ~ A ~ ~ I ~ I ~ ~ ~ I ~ ~ ~ I I u L L u ~ L L ~ u ~ ~ Q & . J ~ u ~  

ni.mnfinosh2dd 3.1 ~ x ~ ~ ~ L ~ ~ ~ ~ ~ I ~ ~ ~ I u ~ I J ~ Q ~ & J I u ~ I ~ ~ ~ H ~ ~  ~IU'I~JII (pws ngply) 

~cronrz~mI~didI~o.i itouldi ~ m z ~ d ~ n a i u r i i ~ i ~ n ~ ~ o ~ & ~ i u ~ ~ m ~ n ~ u ' ~ f i ~  ( ~ u l t i -  
4 A 

miter) tmz~nnunnlfluumrifi~8~np1w'n 4 qfi  our point probe) do1&61naiudi~#nd~mz 

n I i  0.1 rrourrdiri1~1ma~~Ci1u#n~~inzn~z~~aIdd1~1~1~1~~1~~7~n1ulfit1I4 

fflJ"l3d 3.2 



.4 
a8 

v $8 fia~ui~~#nu' (land) 

I fllZll~~d~l(l68~66d~) 

R $8 ~laru#mniulrldi (1016~) 

a = Dl (RA) (3.3) 
A we 

a iie rmmnirQ~ldAi (ii~uk~m6u.Jclr) 
A r 

D R'a rzc~'iqrmiiataId~iqo4tfiso4uo% (m.'w.r) - 0.3 1ru3u~clr 
I rr 

A iia n u ~ a u a i u C l ~ ~ r i u R I ~ i  = 0.78 mi.rwutu.Ja3 

(2) 8tm method linear sweep v01tammetry (staircase) : m m a ~  

(3) 4i~ilm-11~1 c m i m  mc l~~muannliitcloi~ds~liu 

~ ~ 1 ~ 1 ~  Edit p r d P a g e  1 

(3.1) Begin potential (V) = -0.1 



(32) End potential (V) = 0.5 

(3.3) Step potential (V) = 0.001 

(3.4) F) rate (Vls) - 0.001 

~ f i d 1 4  Edit procedtm-Page 2 

(3.5) kfme (vertex) potential wrt OCP = active 

(3.6) Time to wait fa OCP (s) = O  

(3.7) tafel plot = active 

(4) ~ljt~1&~1~~nz~dnrddi4~n"'1~~~11j,01~ 

- dnraum&~m~.riSknisu 
(I) vlimn~d~l~ui~~nnrr?'finniiirniou 

(2) l i i a n q  ~oalys ir  - omosim rate IX?MQU ~ a i i ~  plot 

(3) Idd~diitduiani~(iiu~01n1~ HI~IO'VI~ in i f  f i f l  n's s d k ~  ~ c a  (-3 
F3pivalent weight (g/eq) LlnY  ensi it^ (g/cm5 ~auii?DdU 

(4) m4lJ Thfea slope 

(5)  f i m u r ~  2 qm f k u r i ~ r s ~ m n l  uX?rmQu OK 

(6) f i ~ ~ u f i p  2 Ctiliuuuura~nmi ~?mdv OK r:'~~l#umr.r 2 

(7) M ~ U  start fit 

(8) Idr  rmr u~41urw(9'1o'm~inia~nisuI~ 



Reference electrode Counter electrode Working electrode 





r~ a PI naiu~iuniu~w'aijna1u8uw'u~n~~un8uw'fi~::~i1~C~1un~n~~a1vl~~ilfialX A 
a . 4 -  n ~ ~ u w a ~ u ~ a : : n i i ~ ~ u ~ ~ u n n ~ : : F a ~ ~ l d i  kduri inaiu~~umu~uw'~~~~nn'~n'~r i~n~iu 

A' 2- A r v  
Y 

# ~ u m u ~ s r i u r r u n ~ a d u w ' t l l ~ ~ a " m n a ~ u ~ ~ ~ n i ~ ~ u A ~ ~ ~ ~ ~ n ~ o ~ u ~ a f i l f i u I u ' i j ~ u ~ i u  
L i ~i~u~l~41nnuXiuniuor'uw'fi~n'in'~ R, tm~~mriinaiuihuniur~u~fi~oud~u~iu 

fiinufil~tiinaiu~iuniubw'finn'in'~ q nnn~nirimaiu#iuniua::ni1.~~fi18116fi (ICR) I# 
nnaumanir i l3~  no:: p~il 3.5 ~ifin~nia hl ju~pdna d n i r ~ f i n a i u ~ i u n i u ~ 2 : ~ i i ~ ~ u ~ ~  

(ICR) 

ICR - (b- R,)n (3.4) 



33.e n 1 ~ m s u m r ~ i 1 d n d 1 7 f ~ u n i ~ m n ' 8 ~ 3 m i l ~ t ~ ~ d ~ 1  

uuuas~ k ~ ~ r m t : ' ~ ~ ~ m d ~ I ~ ~ ( i j . j ~ ~ a ~ ' a ~  

fiiit~utn#nnXil~il~u (sus 304) ~dtnrior1fii6nh~nif 'Inn~8.~~1n'n nniudi 

ni~~nriurmmR"aunctuiu&4iu~~on1a~nfioud1~tm~m~z~iion~~.~i~azn~udt~~1n1~ 
4 .l fiildd1qcqm1nadin1~7nrium~in~0un~u~~~~iudna1u~~1l~n1~~n~ouwan 0.085 

iinn'wmr k o a u ~ ~ i ~ z ~ c ~ i a l n a ~ ~ i l ~ : : ~ ~ d ~ i u ~ ~ u ~ m ~ ~ ~ ~ u ' ~ ~ ~ ~ i l ~ i u f i ~ n a z t t ~ ~ ~ r ~ ~ ~ i l ~ ~ F a  

t?miGAa~ ~lcchocbem, lac liitw'uniri~ioekm?IYnqii~lutdmn~ju(lu 61% 

iin& fiittiutfin.rr ttil'Iddiituu(~~~Ea+nf nnz~nfiou #aup11~~8ufi8uw8dmui 
44 d n~aod~z~inmnnl4~iulu~mtii&~11ii~~~1wo~ou l~ulfiviu5dnlnaad~znouwu- 

4 4 aau (MEA) diiimni~u 0.4 unnn~uciamantruftu~~a tuutu3uru'm 11s imzarium3imi 



uoa~t~fi~ini)u~miiuou~~mL~mw~~u~l~iuriinrz~~n~~l~iLtuufio~F~~mLtn~"l~~uL~nti 
I -4 d r~smR';r(lru"plwotou 

Y Y 

u"umeulunirnpleraudrzh~nm3<.jii 

1. I4~~ciuio~nir?nnrro~~68r (F~OW fidd plate) ~ ~ ~ ' I n ~ z r n ~ o u h m i h ~ u f i ~ u w o d ~ ~  
d 4 dIlinn4iuiiu 2 ah~mz~uiuB~~nlnrmdrznou~uu~uru ru~mwundid@?ai 5 m n n -  

wuRlumr drznu~biX?ariut~ul4ilon r i n ~ u ~ ~ ~ ~ d r z ~ ~ ~ d a u ~ d 6 d i n i ~ ~ m d ? u ~ i 1 ~  161 

~imiukalfluruu.'ni~n~ud 40 1launi~r4-d~r-1#tmtiAmtlo~~rnn'&m~4 
* d 

2. 1ud?uuo~nirn(lfioud~~dn~n1'~1nir ~ ~ I . J ~ u ~ ~ ~ J L ' I I ~ ~ ' L ~ ~ L ~ R ' ~ w ' u  aarr?mau 

nnnra~ialfau~arrro~nti~mfirouL~nn'~Bmii~iLnz~rnli~Lmii~l~a~1unnmnirnmrou 

td? ~znmnoundrzdnbinmr~~~'11nlit~~m3~tplu14nr-dlwni1r~~~u~~1~:l4o'~1rinirlnn 
1 ;  uo~uZr'latfirr~u~m,~t~n"ro84~ru loo s c c ~  ifiriu niznir1Xaawruouh pcun~fta~ 

tmdtLmiir M) a~rnnn~Gaa~ 

3. dimmplnadimiabo 1-2 dduuuduio.mirlnntlo4~~n'r~fitn~=:ttlit"811#a~ 

niiuewneuno3m ti5uuPiuh~nirIun~84~tn'~~lnn~: t~~~=uPiUBi~~nirlnnre~i~n'nrw'~ 

nnr"ldke4 mectrocaan, Inc 



4- J lu~iuaraulb;i)m~rrn~ni~n~~nmtl~~.~~ir ~ 1 1 r l ~ ~ ~ d m i ~ ' u 1 ) ~ ~ ~ 8 ~ 6 d r t n 8 u s  

rii~ L munrM66i. ~cnrc wsunrld6riicl BDH w.runrld66fi ~ y h  rmbdmty . . 
H4 

miuauuuln (~ rbm black) un:wrdr.rd~u (c~)lmailnu~rurnra.roynm wc s b )  
A a 4  Aaaa~osacannri~ass ~tarnaia~u~ul(iu wnmritnnrd qdlX 

~jmirwCf 4.1 mil rumaynm*o~~tlmr~di;ar~'fi High fiwumInqjtunriIma~a 
d nuiut~iuqq daummlfuauuufin (c* W) d~umoynmnmrr i~ ldn~i~~~o~unrd 

naw~uiuiudldanliwu~mn'uMu~n~ld6~~ s 6 c l  



~tm~?di'tru'fi BDH 11.67* 0.17 0276 

~ u n r ~ w ' ~ f i  High conductivity 98.46* 021 1351 

f f l f i i h ~ ~ l l ~ j / n  (Carbon black) 1327* 057 0.068 

rmrldivilm RGN-C 6.%i 0.12 6345 

W . J L I ~  J.J$IU (GB) 18.93 * 0.13 0.728 

rinnir ~ ~ ~ ~ ~ ~ t : n 8 ~ % ~ . l a i ¶ ~ f i b ~ u ~ 8 ~ ~ ~ ? U $ ~ 6 ~ i % ~ i ~ f ~ ~ ~ f i i ~ ~ ~ ~ ~ ~ ~ 6 ? f i i  

nznwfng8u nuii w~tm~ldw'4m RGNC wqitnr # d i 4 m  BDH 11n: wutdr ~dlu  (CB) e 

rmmud~t~mriulilii d?uwqanr ~ d i ~ a  High fmmmivity un: wmiuauuuiln (m 
I 

black) a~rir?rrl8uuluafia?6u ~daqnnunrld99'~m Aigh adwivity ~rum~nrnd~uoj  
A r ~tnrtn?l~nuil~iuq~ ~ua~m(iuai~tniioun~uuL4iu~~mi~umtnau~a~a~n7num1~di 

chunn"you~m2in (cpbm blsa) r d n ~ i a n u i t t i u d ~ i ~ t a ~ ~ ~ i ~ ~ ~ ~ n i n S n i r n r r ~ ~ a ~ ~ ' ~ r i  
d d n m a ~ i ~ ~ & c ~ c l ~ r m ~ ~ ~ m ~ ~ n i i a u ~ t : ~ u ' ~ ~ ~ n ' ~ ~ $ ~ ~ ~ a i ~ m n ' ~ ~ ~ m n i ~ m n ( ~ ~ ~ n ~ ~ r a ~ w ~  

4" A 4 nliuauuufin ~~~ulu~iu~ecnrrrmonw~t~nrldr;irru'm RGNC w~t~1rM6rru'm BDH unrwq 

dr~d lu  (CB) dumQild~1i ( '1~n~im~1~~nir~m~~~upj ,Qinrr t~nld351uwa~~~~m 
i r  r 4 4 d 4  lnnzaLun~uauneuna~~~~t~~ '~uOi '~ t t~~ i~ t f id~ l~~ lu  onenjlrh nsarwaru tdumr 

47ai'urrmIz 



4 (9  an. point 1 R u 1 ~ n l z t m l d d i l ~ i # i u ~ 1 i 4 v n 4 d u . j i u q i n i i ~ r i  (P- 
d u 

supply) ~~unf:ttfl~d~iw!% 0.1 ti8uitdi t6n~ k ( i i ~ ~ i u ( i i ~ ~ n u " v ~ ~ & ~ i u # ~ ~ n ~ u " t ~ ~ a ~  

0.06 0.08 0.1 0.12 0.14 0.16 0.18 

Thlokne= (mm) 



4 4 

nidr4d-w (CB) daalunuilunnaiiou"warr~ii4 0.07 - 0.13 unnlucl3 nuiiciim~dilddmo~ 

Wlim!*lcs'Ifu"+? BDH LKE Wl6dr4$l~ (CB) ddim~6i!*Hhq~nji~~dud1mr6in~d~i~6u~no~ 
4 i r  I i a ~ ~ i c l r ~ i u i ~ ~ n i ~ n ,  nunimr6i~~~i~uicuai6nu~~in'~ loo %1~uci.'o6m~mmr [ll] u c i  

~lmldos'tru'fi RONC dci1ni~6il~&mi1~r~iud1n~ri~~lrH(ii~uum~~m11r(r~-w~m~d 
w Z r  ~~uuo;rdsnwjrrmlrleiIfu"+? BDH ling w.~tedr4diu (CB) jiinn8nuiiald 



0.06 0.08 0.1 0.12 0.14 0.16 0.18 

Thkkness (mm) 



4.4 6 i n 3 l u ~ l u m u ~ ~ ~ 1 4 m d ' ~ ~ ~ J ~ 4 1 ~  (Interfacial Contact Resistance, ICR) 





304 3161. BMAS 316UCrN 



0 0.05 0.1 0.15 0.2 0.25 

Thiekne- (mm) 

'a' w 1 wui1dnm?1mu1ra~niftmd8uZ~t~uu1nuu ~ ~ d . ~ ~ n ~ ~ r i ( i m ~ ~ ~ X ~ u n i u ~ ~ w a u  
2 d r 1 s 

ttu~f6uq~rumllm~nmu1'110~nirtmiioun~fi01a~Za nrrwacnr~fin'ou~~iu5mamui 
2.44 t~uuin~u~uicucla.j~non~~r3u~mauii?atwu~u a~'ononQa4~1dJiMdiii~d.~mlX~1n1r31 

'a' A l r l ~ d ~ i n n ~ i n ~ ~ t a ~ d ~ ~ ~ l # t i ~ m a ~ u B i ' ~ ~ n ~ ~ # u ~ n ~ t ~ u a T ~ u ~ u  ao~d?mt3mcimalu 
d a ~ i u n i u ~ ~ i n r o ~ ~ u ~ i u n t f i n 8 ~  ia#auaia tmdoudd~~nou~au ttnr hhhiifi BDH unmq 

w d *  ~udr~o'iu (CB) wuii~c;rudaao'iu (CB) l~d.~1?1uBi'iuniuduwand1ni1 tmrlrloiwih BDH 

~tn~w"aid?aufirml61nird11rld11uttu~ttnu~~~dd 4.1 ruiimda~o'iu (CB) lX61nir 

~ilrl~i1u~~u~trnud~.~niittn~'1d6aru'fi BDH unn~iifiaw Xruniujhr~uz~:<~n~r J I I~~ I  
9 6 luituarinuijttualuut~uan'u 





0 0.02 0.04 0.08 0.08 0.1 0.12 0.14 

Thickness (mm) 



+ ICR 

--c I corrosion 3* t 
250 3 
:: 1 
l oo ,  

0 0 
0 0.02 0.04 0.06 0.08 0.1 0.12 0.14 

Thiokness (mm) 

4.9 n?iuihr~uiuj*o~d~na~u&iun~~#uW'fl ~6nzpi1n1fn'~ni0~'11a~6tht~i;nnd1~f 
Y d  nu'u (sus 304) f rnuI#n w BDH: G J ~ ~ L + ~ J  10:go l m m r  i~unnnaiu 

nwiluni~tniiauG~ri7sq 



0 0.05 0.1 0.15 0.2 

Thickmu (mm) 



0 0 
0.04 0.06 0.08 0.1 0.12 0.14 0.16 

ThWn.ss (mm) 



0 0.05 0.1 0.15 0.2 

Thidtmm (mm) 

a r 
4-12 m r ~ ~ i ~ ~ a i u ~ ~ u n w ~ u i n ~ ~ ~ m u ~ u i c l w ~ t ~ ~ r . ~ r i i u  (CB) nujitjln 

3 Ll ~mliuwwdr~cinr (CB) irnaiuXiuniufirifii~~ua~Gunmnu ~ioiijii~~uuruadutlait~ 

nuilumrmiiouii? dlliuwmdr~o'iu (a) foun: 20 unr 25 lm&rh~~l#imaia 

huniul~nd-qcl dodinir %din, : trn1rl~ira4nir n'mm'aud~uwp~i~nr1di~o1~: 
* u d  

2s l m m l ~ ~ u r m t l a l u n u i ~ u n ~ r ~ n ~ ~ u ~ ~ ~  BmriucimalyXiun~ufi~ kunfi41uldd 
4 4 

4.13 w u ~ i c l a i u ~ u i C t ~ n ~ ~ ~ ~ ~ ~ ~ i n t " ~ n i r ~ c l ~ ~ ' ~ ~ r ~ ~ ~ ~ ~ a  0.08-0.1 unnlurr Ifiimaiv 

hnnrhinl r i ih  15-18 u4nXoiumin~rw3wrr rmt:ci1nr:urm7rnknf'owrlr~vu?orn1rnoudr:a~ 12 
A r t :  9 

lul~r~rau~do~nuc(mr3rurr~ (~raun~r~n~iro~trpiunrrnnl~~uwn~~u'?aoaimrIr l i~~ 

~ $ 4  (39.59 ~iintlhmin4cruturmr ~m:: 16 lu kruaaSdon.n~twtwmr) ~ ~ m t n r o  

Ji~dri~uduuriu 



0.05 0.08 0.07 0.08 0.09 0.1 0.11 0.12 0.13 0.14 

Thi8kfwas (mm) 



Thicknem~ (mm) 

.# A ci ina iuXiuniu~u~~i j~ i~duuin~u tuodinir~flautiuunni~o4t~piuno~t1m4 udu 

srqiitiim t m r ~ n n d i l f u  (sus 304) flrmivriiriu 94.7,16.3 unr 40.4 uin~iitnniu 

orqd~iaud h u m r t n ~ o i l ~ a w u i i ~ ~ t i i ~ ~  unr dadinir cdh~d w~miuri~no~um~unr 

tviutwiiondilftriiu nuiiwiune~tn~flrrnd~~n~i~~m~nnd~lfrru'u (SUS 304) udda 



- c C B  

+ BDH 

0.07 0.08 0.09 0.1 0 . 1  0.12 0.13 0.14 0.15 0.16 

Thlcknes6 (mm) 



30 

- 25 -: n 
E 

+BDH 

- +a 
t l o  -. 
8 
- 5 - ;  

0 " " : ' " ' : ' " ' : " " : " " : " " : " " : " " : " " ~  

0.07 0 0.09 0.1 0.11 0.12 0.13 0.14 0.15 0.16 

Thicknem (mm) 



Thickner (mm) 

4 dd w d 
m u s ~ ~ c u n p ~ n i ~ a u w ~ n i f  6tlo"bu wanu w n d o n ' i n a ~ ~ ~ ~ ~ n ~ ~ d ~ ~ t ~ ~ n ~ ~ a n m u ~ l u  

I 

nirtnbouhduq hal&nno"~u'dnon~~~3uwnuw~udr~o'1u (CB) %an:: lo ktniinu'n 

u n ~ t h ~ d 4  4.18 1ru~1gcungu'mounR'.~ni~mdouh~~~u'dwndafi1na1~~1un7~~~~ d 



Thickma6 (mm) 

4.11.2 marnbaddt* 

~ n ~ i m r o ~ g c u n ~ i i n i ~ o u r i o u n i ~ m ~ u u ~  d i i rnc io~mm~~uniuf i~  
4 9  A 4 1 4  ~~auh~ompuna~nfiaimui~unif ~nii8112adiq k a ~ ~ n n m n ' o w ~ c n r ~ u w f ( u ~ ~ ~ ~ d ~ ~  

ciiu (CB) fou'ounz 25 bminr~'~unmulu~dd 4.19 auii qcnnpiinnouriaunnnriiouh'Ii 
w i  ii~ocion'inaiuXiuniu~uwan~nq n'in~ianuirarai~m~ou~~ ~u'a~nnptun4iimreu 

a# riounn~niiou2alriJl11Xm~fiiiou~~~ln~t 'lXuu'uuu 



0.06 0.07 0.08 0.09 0.1 0.11 0.12 0.13 0.14 

Thickness (mm) 

4 ldn 4.19 f i n u ~ u r i u k o . r g a w ~ u ' n ~ ~ ~ u r i ~ ~ n i ~ ~ n i i ~ u ~ ~ i ~ d d w n c i ~ ~ ~ f i ~ ~ ~ # ~ u ~ ~ u  
d 4 

# ~ k d n ~ i r n u i i i ~ ~  lum~aiiouii? hal4fii~lnn'auG~fi~f'11~wfi~w.~ud~.~ 

6 1 ~  (CB) fQWiZ 25 ~flCllhMl.% 

fhickner (mm) 





ni~nn~oud~zdniiniwuo~ttpiuio. jni~hnuara~~ (flow field plate) ru'abnr 

tnn"auX~umiuounouwo~~'1utrnd~~otw~~ru"~ PEM I&tduioann l n n ~ o 4  ru'a 

1nnrtmn'ouX?aiiuoufiouwo~fldIXuin41uib 2 uriutmrtuiu~dn~nfad~zno~tuu 
a d 4, ru~u (MEA) uuiawunjiid~nsui 5 flifi~truGiun~ uwnGu'u 0.4 GaSnr"uk'ea1~1~ 

nR"ou8?tmihounouwodfl (Coated metal FFP) % i f l ~ m ~ ~ ? ~  ~~'1#fi?111~uiu~unf ?:~1rllddJ1 
4 4 d d 

(382.4 mnttoudi6ofl i f i .~tw~wfl~) &aniqfltmd~&a~~tflmnt~~h4nif'Inn~84 
4 4 

1tn"ff ru'~ltflfldit%~liid'11~4 El- Inc (Pm commercial) (422.8 imnuo~ttdiio 
d d flni~rufttuflf) t d ~ i w i n n i l T c l i m n ' t ~ ~ t w 8 ~ t c l u ~ n ~ ~ t ~ ~ i ~ ~ n i f ~ n n t l o ~ ~ t n " ~ ~ ~ n n z  

r t = A  
( M ~ I  FFP) (347.4 ijnSttou~tdidofli~i4tw~uflf) Bn~iu~i~ilnG 0.6 h n a  nrutumcimii 

n ? i ~ h u n i u r ~ u ~ ~ o u n ~ ~ o u t ' ~ ~ n n ' t ~ ~ ~ w n ^ ~ u o ~ n ~ ~ ~ ~ n r o ~ t t n ' ~ ~ u ' f i ~ n ~ t t m d ~ ) u d i ~ ~  

tniieuiiauniivouaouw8dm (~ated metal PFP) uduC~nnlnnr(~~un"z~dm 
d d Innr (MC(.I FFP) t ~ m t ~ m ~ u v m t i & m ~ ~ t ~ m 1 h r j u h ~ n n ' I n n ~ ~ ~ u n ' ~  

t34wiG&a~ a-hm IIK (FFP c~mmercid) 



~ o 4 l l n " n ~ ~ ~ n n z l n 8 ~ ~ ~ 3 U a l i 1 1 0 ~ n 8 u ~ ~ 8 ~  (Coated metal FFP) SdiWYBun41 L6h$84nlf 
s lnnuo~tmaimnd& i inz~hh~mal~nuo .~~~n"~ '~~u"mlnnz  (Metal FFT) mud78YY ~inzdi 

(1 : 4  

n a i u ~ i u n i u n ~ ~ i ( t l b ~ n ' ~ n ~ ~ ~ o u ~ ~ n ~ ~ ~ ~ ~ ~ i i ~ u o ~ ~ p i ~ ~ o ~ n ~ ~ ~ ~ n ~ o ~ ~ ~ n n m m l n n z  

u o ; r r t ~ f i d m ' l n n t ~ m d o ~ ~ d i a ~ f l i i u ~ u n ~ n t  ifim 
* 4 t iuthC~nnlnnr~~~infi~' i l4~7fu'du~4 atctmchcm, ine nian64ni~na11ouiandi~oiwS4 

Btuncl~ih~d6 4.22 rz~n.rondim~iuXiuniulo~uu'n ( O L ~ ~ C  miaaooc) d~~fludinaiu 
A A ~iuniudliircaliunirmoaun~o~~liinmreunialuu~iufiinrzun~~~nluuna~k r in 

~iquist  pld f i a l u ~ w n i u ~ o H ' r ~ i j n ~ o ~ 1 u ~ d u ~ u v o ~ ~ ~ ~ 1  x (61 x - 0) r ~ & ~ l f u h r e r  
d A idunumnl wnnimmnomuii da?iuriijilnb 0.7 bn.luldi/ 423 Fim6dem&twran~ 



m Metal FFP 

A Coated metal FFP 

FFP commercial 

r l  4 d 1don~noutad~fnmtlo.jnirl4~1u~o~~mi'11n~~'~~mn~m~3nt%u)wh~ni~~~ntl~~ 

~ ~ i r ~ m T n n z t n i i o u A ~ u ~ 1 ~ ~ o u t l o u ~ ~ i 7 m i ~ J i i n i ~ $ n ~ i n ~ i d T ~ a 1 ~ r ~ r ~ u r r n z r i i n ~ i u  

Xiuniubrin nknirnclnsululm6t40rw5.j~iiaznf4 ~uiidin?lununcriunrzu~'Iddi 
Y*d 1 4 - rostmirzafin~miunf~~~iinifnfia~un~~n 1 ns 4 gin 209.4,166.4,124.6 ll~1ZlOl.6 uon 

4 uoanld~aniri~t.uiiwmr~~11m41u~df 424 u n : ~ ~ n ? i a # ~ u m u ~ ~ a ~ r r u u ~ ~ i n  542,72.7, 

115.3 llaz 145.3 I ~ ~ Z I ~ ~ ~ ~ U . I ~ I J L W S W ~ ~  Itra6i&ima~v~m PEM nRc[ I k 4 acitusM 5 

liiJiinirnmnaui~~rAnfn~md~znou~uu~~~u (MEA) fdiumrl4~1uuX?riul~hio~nif 
4 4 'Ivntlsclu%1~.rwith6t1~~ ~lectrochem, ~nc W Y ~ I ~ ~ ? I U H U I U ~ U ~ Y ~ ~ L ~ ~ ~ ~ ~ I  244.8 uaa 

usadiciamiri~truftwmr X . ~ L L ~ F I ~ I U ~ I I ~  424 ~tnztiitl?ia~iun~uthlkn 41.4 hn'h6 
Y * 2 A  mrn~lruiiurnr n.ru~uo~~indm~iu~iuniuduG~6ounclaou~rndt~~~~n'~~0~~uiu~~nir 

~ n n r o ~ n i i n ~ i i c l l a n ~ ~ t l ~ ~ ~ ~ ~ ~ n ~ ~ ~ o ~ n o u ~ ~ ~ m c [ t l ~ ~ u ~ u ~ l ~ n i ~ ~ ~ i i ~ u ~ ~ d ' ~ z u ~ ~ ~  



i. d 
424 f wnib I ~ ~ ~ U ( L ~ J ~ I L Y ~ ~ ~ ~ B L W ~ ~ J L ~ U ~ ~ ! # L L ~ U ~ ~ ~ ~ I ~  ' I~nvo~~~n' f f '~su'~~n~z 

m a 
r t l ~ o u # a m ~ ~ u o u f l o ~ w a d m n a ~ u ~ ~ i ~ ~ n ~ a t n ~ a u ~ a d ~ r ~ ~ ~  0.m~ unawmfnn=: 

@ 4 

tu iuh~rn~bnro~wn~~~wiau 'dvo~ EI- inc ~umr~~qiuucinrnR 

1umrifirrui4wwnd1ii'~in Niquia plot ua~'Imt'mniCO~w~~dI#t~uia.jni~Inn 
r l  

u a ~ r i i r ~ m l n ~ r i n ~ o u # a m i f 4 o ~ t l ~ u w ~ ~ 1 1  niun&~innifn~flau i ~ n ~ ~ t ~ o t m ~ ~ v i h  

PEM nhd 1 $4 4 t ~ r m ~ l ~ h ~ ~ n i r ' I n n u 8 ~ ~ 6 n ' n t ~ ~ w i ~ r d t l 8  E l m  IIX $4pimmq 
A A hldd 425 wnm~nnrr~uwuji dnaiuiiqilna' 0.7 1x4 q c n m ~ ~ ~ o n i i ~ t ~ u ~ n 1 4 t ~ ~ h ~  

nirlHn~o~un*rr~~~wicii~Guo.j ~1-h- IIK (0.80 l o t h )  u'danii trpiuh.rnir Innvm 

u n " ~ a r u ' n l n n ~ m n ' a u # ~ a n ~ i u a ~ ~ a ~ ~ o d c l n ~ ~ ~ n ' ~ ~ ~ n n ~ r n ~ ~ ~ o u ~ ' ~ ~ n n ' ~ ~ ~ i w ~ ~ ~ ~  PEM 

nfqd 1 $4 4 (0.87fo6u) (0.9710iu), (1.06Ioiu) ~tnr(121Ioiu) ~IU~I(~U~PF~I~?IU 
K X i u n i u t ~ 6 u ~ n ~ r u ~ n t l ~ ~ 1 ~ ~ ~ ~ ~ ~ u r r ' d t ~ ~ 1 n ( i i ~ ~ u u  ifiu~ntdo~nnnaiuXiuniu~un~a 

ad~udva~~~~n~~eunitl1ui~iuiiin~r~lc1'1~~ittuuno4Ea ~j~uulmatiidrrdninmlu 

m ~ i n d ~ u d a a ~ ~ 6 n n ~ ~ ~ 1 ) i u 1 ~ t t P i ~ a i a ; 1 n 1 ~ l ~ n ~ ~ . ~ ~ ~ n " ~ a r i i n t n ~ = : i n ~ ~ u ~ ~ m 1 i u a ~ ~ o u  
@ a : , ' A  wei?m~~ani iuthh~ni~~~nv0~~1nf l~r . jwiG'116ua.~  Electrochem, Inc n~u6uo~nnuduba 

i n n l n n ~ a ~ ~ t n ' ~ ~ r l n ~ r ~ ~ o u A j ~ l i h a ~ n ~ m ~ i 7 ~ o 1 0 ~ ~ t n ' ~ n i ~ t d ~ ~ ~ n m ~ a ~ f i ~ ~ ( 1 1  





r inn i~$nvimrr i~ ldA~n" i j~~~r 'uou~i luoadd~~n~ul f ian i~~n~i~u~n~an~an~ 

lauui~~~nifintnrn~iuwui~triuuo~wa~i~uou 5 ru'cl40 wun~nfM66fi RGN-c M 

nnrId6Gr BDH wannrId6Sfi High d v i t y  wanij'~~uuulin (c- black) ttnrwa 
J a L~~W(;IU (CB) ~ ~ ~ r ' ~ ~ ~ d ~ ? ~ & ~ ~ 4 ~ ~ ~ ~ ~ ~ ~ 3 n ' ~ ~ ~ ~ m ~ ~ ~ 1 d 0 ~ d d ~ ~ n 0 ~ b i ' a ~ a 1 ~ t i . 1 ~ 3 ~ ~ n 1 r  

fflniiuau imr&~~inmiabgSu iio waanr'ld66fi RGNC walmr~d6¶riifi BDH unrwa 

draciiu (CB) dqumntn~ld64fi High cmdwivity LLnr ~ f i i ~ ~ ( l ~ ~ ~ h  (Carbun Mack) 9: 

~~auriuduni~miieu~d~~cnn'u18 
do~ inn~m~inn~ i ' Id~1d~n~~a~ tn~~nn~d1~r tna ' Idd1u8an1 f~~n~~~ '118aa1~  

adoudd~rnauil?~ wiiuou $ran%aGu naii~aluci ~adm:niahgSu ilrmiwniiuau 

3 4 f i$~~41l t l~~d6¶&1 RGN-C ~ J ~ f l f b h h &  BDH un~,watidf ~ t h J  (CB) ~ ~ ~ 1 6 l f l l f  GI 
A rC l d d i ~ u u u ~ ~ m u u n : : n ~ r ~ t ~ ~ n ~ ~ ~ f i n i ~ ~ i i t i i n i o u  wa 

4 u A 1 n i ~ u o u n l n n ' i n i ~ r i i l r ~ ~ t ~ u a ~ m u ~ ~ a n ~ ~ ~ ~  watcn~lr l64~ BDH unr~udrao'iu (CB) 

~~riwttdlratiiu (CB) i i r i~n~~tannr in+~io~di~qf i  Iud?u*e~mawXlunm8uh~~a~n 

~n#eu8noniit~Gu~loawafiiiuau 2 riifilowat~n~ld~dfi BDH U ~ Z ~ I I ~ Y ~ ~ I U  (CB) 
r J  nuinimanriiunnrfi~mi'uijLtua1~umuuumiunaiu~ui1unifm3ouh~tl~mLdt)u 

~mrtirnaiu#iuniu#ufia~aaai~ ~niioubn~n~~~3uwauwunrld4idcr BDH umnimn 
an'auSnonQt~hwrmnaud~~diu (CB) m ~ d u u a a l l i u i a w ~ n i i u ~ ~ d ~ ~ t m ~ ~ t ~ n ~ r  

A r~ d nndouii?~aifadiiiu 0.228 ijniim.3 n u ~ i m a ~ ~ ~ l l i u i ~ ~ r ~ t n r ' I d k u i n ~ ~ ~ i t X r i m ~ ~ ~  

WiwniutXfinafina 
=.+\ 

d o t ~ a u t i i m a ~ ~ b l l u n i u # ~ f i ~ n t a ~ ~ ~ n ~ r n ~ ~ n i ~ n ' f i n i ~ u u o a m ~ ~ t l # o ~ ~ ~ ~ ~ *  ' 

A4.l d 4 d  ~ t ~ u o a d d ; 1 . r ~ n o u ~ ~ i ~ i n i i m f t n # 0 u n u o ~ ~ ~ ~ ~ ~ ~ ~ d d ~ r n o u u n r m ~ m 6 ~ ~ ~ ~ ~ ~ ~ n  

~ w ~ t d f ~ d m  (CB) duaarifldrrrmu~n'~awbl7uniuir~ij;l~id~fi T m W d m d w  
i I 4 nnwu7~nuiiow~udrJciiu (CB) :34mlau :hrtinrniabgSu lubririaufwanr z s : i ~ 5  

4 4 ~fidi~fi hdnaiw~ui 0.085 unnmfidumra#ouii? rrlXtiiaawXiuniubrlnunr 



riinrzuinmrrinniouu'~~nii~~pi~ii1naz~~n1vl~1~iuua~~~a~~~iin~1d4i3~~i~r6 n'inaiu 

#iumu3ukivo~ no46icla ozgiiiiiuu um:mfinnAiIJitu'a (sus 304) nion&mnniisuia 

~auniai~i ioulu~p~~if iau~inuiz~u ~ u i 1 d i ~ a i u # i ~ n i ~ 3 u ~ n i j d 1 n c l n ~ n i i l t l ~ r ~ ~ ~ I ~  
diumamhufia ~m:riimaiuhurnuduw'~'tl~~tndnndiIJnu'u (sus 304) ~unzne.n~cl.rdiiu 

nifi&h.i ijaijdi~n#6~tl.~fiYU 



3. lun1~duriinrztt~1dd111o~~a~tu~111n:~fidou6;3m1~~ nJrumnn CVD nia PVD 

rlXtii ICR d i i r r j i m 3 ~ ~ i m 3 ~ b ~ ~ m ? F 1 ~ n ~ l  



[I] L.D. Palacio. General for the research. Hydrogen Energy and Fuel d l ,  A vision of our future. 

Brussels : Eurapan Cormnission, 2003. 

[2] F. Barbir. PEM F d  Cell: Theory and M c e .  British : Elsevia Aclsdanic Aess, 2005. 

[3] J. Lanninie and A. Dicks. Fuel cell systems Explained. Chichester : John Wilcy & Sons Ud, 

2* edition, 2003. 

[4] J.C. Grunlan, W.W. Gcrbuich and L.F. Fraucis. Lowering the perodatim threshold of 

condudve composites using particulate polymer microsbrudurc. 

polvmer. 80 (2001) 692-705. 

[5] Y J. Ren and C.L. Zeng. Corrosion protection of 304 stainless steel bipolar plates using 

Tic filrns prodwed by higkmrgy micro-arc alloying pnmess. Jouraal of Power Sou~ces. 

171 (2007) 778-782. 

[7] Energy Information A-oa System for th Analysis of global lhergy Markets. 

Washington D.C. : DOAJEIA, 2003. 

[8] U. Bossel. The birth of the Fuel cell. Switzerland : Eur- Fuel Cdl Fonnn. (2000), 1835- 

1 845 



[lo] E. C w  History and G. Hoogers. Fuel Cell technology Ihdmk. Boca : CRC Press, 2003 

[12] W. Vielstich, A. Lamm and H. Gasteigcr. Handbook of Fuel Gdl Techndogy Fumbamhds, 

Technology and Applications. New York : John Wilcy, Vol. 4,2003. 

[13] F. Barbir, M. N& and M. Fuchs. Fuel Powered Utility Vehicles, Portable Fucl d l  

C o a f ~ .  Switzerland : Lwxme, (1999) 113-126. 

[15] C. Stcme and A. E. Morrison Form Curiosity " P m  to Change the World", M i d  state 

Ioaics, Vd. 152-153, (2002) 1-13 



1201 F. Barbir and J. Braun. Development of Law Cost Bi-Polar plates for PEM Fud Cells. 

Philadelphia : Fuel MI Research, 2000. 

[21] H. Tawfik, Y. Hung and D. Mahajan. Metal Bipdar Plates for PEM !%el d l - A  review. 

Journal of Power a 163 (2007) 755-767. 

[221 K. Shigehh, U. Himyuki, and W. Masahiro. Metal separator otmted with csrboalresm 

composite layers for PEFCs. A- . . 
53 (2007) 2025-2033. 

[23] H. Waug, M A  Sweilunt and JA. Turner. Bipolar plates for PEM fkl cells: A review. 

J. PM 115 (2003) 243-25 1. 

1241 J. Jayaraj, Y.C. Kim, K.B. Kim, H.K. Saok and E. Flerpy. Dcvdopmcnt of metallic glasses 

for bipolar plate application Sci. T m .  Adv. Matea. 6 (2005) 282-289. 

1251 A. Kumar and RG. Reddy. Metal foams as flow field and gas d i M m  layer in 

direct methanol fuel cells I. Power 129 (2004) 62-67. 

1261 RL. Borup and N.E. Vandedmgh. Mater. PolypmpyIe~l~ Composites for Polymer 

Electrolyte M e m h  Fuel Cell Bipolar Plates. Res. Soc. Symp. Proc. 393 (1995) 151- 

155. 

[27] AS. Woodman, E.B. Andersg K.D. Jayne and M.C. Kimble. Amaim Electroplatas and 

Surfiice Finishers Society 1999, AESF SUWFIN'99 Proaxhgs, Jum 21-24,1999. 

[28] V. Mehta and J.S. Cooper. Testing and evaluation of aluminum coated bipolar plates of pem 

fuel cells operating at 70 OC. J. Power w, 144 (2003) 32-53. 



[29] M.S. Shine, C. Zawodzinsb S. MollerHolst, D.N. Busick, F A  U r i i  and T . k  

Zawodzimki. Pn>oeedings of the 1999 US. DOE Hydrogen Program Review, 1999. 

1301 A. Hennatm, T. Chsudhuri and P. Spagnd. Reduction of metallic &my bipdar plates for 

PEM fuel cells by hot pressing in thc stqxmoolad liquid state J. 30 

(2005) 1297-1302. 

[31] M. Li, S. Luo, C. Zag, J. Shen, H. Lin and C. Cao. Corrosion and contact resistanct 

measurements of different bipolar plate material for Polymer Electrdytt M- Fatl 

Cells. Sci., 46 (2004) 1369-1380. 

1321 Y. Hung, K. El-Khatib, H. Tawfik, ASME-The 2nd International Coafamct 

on Fuel Cell Science, Engineaine and Tedmology, RIT, Rochesta, New York, June 14- 

16,2004. 

[33] M.P. Brady, P.F. Tortorelli, KL. More, H.M. Mcyer III, L.R Walker, H. Wang, J.A. Tmmr, 

B. Yang and RA. Bucban. Cost-effective surfsce d W a a  for metallic bipolar 

plates, DOE FY 2004 Progress Report. 

1331 M.H. Fronk, RL. Borup, B K  Brady d SJ. Hulett. ''Cormion Rekhnt Contact E l m  

for a PEM Fuel Cell. United States Patent Application. (1999) 456-478. 

[341 SJ. Lee, C.H. Huang, Y.P. Chen and J. Mater. An in- of tbc electroctsemical 

properties of PVD TiN-coated SS410 in simulated PEM fbel d l  en-. Tedmoi. 

140 (2003) 688693. 

[35] J. Beddoes, K. Bucci, The influence of surface condition on the localized ccmr>sion of 316L 

stainless steel orthopadic implants, J. Matea. S.: Mater. Mad. 10 (1999) 389-394. 



[36] A. Pozio , F. Zaza, A Masci d RF. Silva. Bipolar plate mabaials for PEMPCs : A 

codudivity and stability study. Journalpower 179 (20041) 63 1-639 

[37] F. Tomokam, Y. Takayuki M. !%.iu-Ichi, M. Yoshiaki, S. Yosahiro, and 0. Zanpachi. 

C- stainless steel as PEFC bipolar plate mataisl. 

174 ( 2 0  199-205. 

[38] S. R Dhakatc, R B. Mathur, B. K. Kakati, and T. L. Wami Propfrtk of graphite- 

composite bipolar plate prepared by compression d d i u g  bdmkp for PEM. l.tmdd 

171 (2007) 424-432. 





---- -- -- -- - . 
System Details 

Range Lens 300RF nnn Beam Legh 2 40 mm Sampler MS' &$curallon 14 1 9; 
P r e s e r n  3-c0w 

Residual 1288% 

_ .. - --I-- - - -- -- 
M - r Rerullstabtics / Dst$4k1&yps Vdum Concenhabon= 00046%Vol Oenslty: 1DM)glahcm SpcclfcSA= 2M82sqm\g 

o(v.111~: I n~m 0 (v, 0 5) = 6 54 um O(v.09): 2642un i 
i Di4,3]: 10691111 0 [3,2] = 2 97 ~m Span = 3 852E90 Unffomnty = 1 164E4tl I 
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Range lens: 3OORF nwn 8eam Length: 2-40 mm 
s*w 

Sampler: MS1 Dbscwafion: 15.5% 
Pfemtatm: 3-CBW M d e  R.I. = ( 1.8000, 3.0000); O q e t s n l  R.I. + 1.3m 
Analysrs Model. P o q d i i  Residual 4.392% 
Wlfrcations: Nane 

1 Result Stafistka 
Olshibulrar Type. Volume Conccnlr2dian = 0.0051 %Val Density : 
Mean [hameters: D(v.O.l)= 1 . 9 8 ~ 1  D (v, 0.5 ,.. D (v, 0.9)= r~r.ruvnt 
D I4,3] = 68.84 um D p, 21 - 3.40 um Span = 1.927Ebl Utiv=4, lMEIM1 1 

Mdvsm halMsnls Lld. -SknpbcbM.2.19 
MslHm. UK SehI Number- ! 1 ; i- 1 ,~&Y.HWIYH 
Tet=*[q (Oj1684492458 Fw*] (0)16&4!@78$ 



uv~ri.rby n : bay nnnui~n~m~mrui l l (~~r~nu"nen iihanrru (TPI) 



nui i~u imo~ni~~a 'nat~ i~u  98.46 IUI~SUI~S '109kF1:04 ~ a s a  particle size 

---- -e 

System Details 1 
Range Lens WRF mm Beam Length 2 40 mm S a q k l  MS1 oh tat^ 9 0 %  
Presentatian. 3-CBW (Parbde R I = ( 1 8000, 3 0000). Diqmant R I = 1 33001 I 
Analysts Model: Po3drsperse Restduet 1 025 % 1 
Modi~catians Nane -- --_" 1 -- 

Result Statistics 
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MeanDmelere O f v  01): 1354m D (v, 0 5) = 98 46 urn D(v.09): 3189um 
D(4,3lZ 131,28um D [3,2] = 32 33 um S p a  = 2.929E+OC Ur#fomty = 9 273E-01 

% 
10 

0 _ - -  
0 01 0 1 l o  10 0 

Partids M r  (pm ) 

WvunhrslnnrmtsLW ~ ~ w S b n g W V e r  219 
Halvern, UK S m i  Number i I , . h r Y h ! f i H  
Tal=*[44] (0)1(5114-892456 Fa +[U] (0)16844%?71 



- -  --.. .- - - .- A % - -  - -  -- -- 
System Debik* ' '-- 

Range Lens 300RF mm Beam Lef@h 2 40 mm .%pier MI Obscurarlon '9 8 '. 
* Pteseotalm 3-CEW [Par!& R I = ( 1 8000 3 000Q), OIspersan! R I = ' 3300) 
; hwr MI ~wqefse Radud ' 309 % 
ModtfWons None I 

._._lll--Ĉ I. ____1 

r' -- -.-----. 
Raul  Sbhtics i 

I 

kb~bulm Type V& Concsn!tabon = O 0185 %Vcl hsrty : 1 000 g 1 cub cm Specdrc S A - 0 7828 sq m r g 
Mean W e r s  D(v.Ol)= 406um D(v  0 5 ) ~  1893um D(v 09)= 7512um i 

Spacr = 3 755EtGU Unlrormdy = 1 292EtOC I 
014 31- 3 3 % ~ ~  813 21- ?66m 

-. . - ----- -. > - - -- 



.I anenqlsh NO. 100 

mu3niilrni LLB: nwnm 



n-8 lfi&48RdU Model 175 Crescenda air bnah 

MODE 176 

Y 

flunu : 4 r t  oil ~ecipmting Piston 

fi64fi-1: 114 r134f i  ( HP.) 

16346~irn~q4fp : 6 UI/ (BAR) 

¶Ziiu6i%J4 : 30 dB 

aaiughu : 3 ;a3 

n.r~urr'lv(Ai: 220 V. 50 HZ. . 



tmlithyn : uisn TW MaMtional co., ~ t d .  











~~rna i~# iunm~bi i r raur ium~n~d 3.4 

(ICR) = (&- R,)D 

(ICR) = (108.09 - 76.74)D 

(ICR) = 1434 mohmcm2 
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