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1 # [ Sainergy Tech /A H
Sainergy Tech £ — R A H LT BN AL MEWERETHRF AL AT, BATH
BIEFFREEMTFEEHGER, 2B AL, EEAMS BB ARATBEL T £ MAE LA
P, BB fF PEMFC, A EAA AERT #®E. AERT sk, BhAlgE
FE B AR CCM. AR o B AR MEA, AR AR & 7 oftrs

sainerqy

making energy happen
“W

1.1 DURA-lyst &5

DURA-lyst R F| MR & Sainergy /& % A M H 09 & Fl FAF K A% — R 7 B F
BAAH, FLARS PEM MA Emm e fom A, EFWeeB AR e IE = FLRhE
IR P B S R R R MR R M . B TR TR R B R R B TR o AR AR
WAEE A REFAFENTRE, 2 VEREBHA . 6B, BFERELA. AT E
BAH . AR R R BRI E R,

DURA-1yst 147

1. 1.1 AR (Pt/O

HHREUHE— U e BHE AR EER EWREELRN, MMEBER K, BFF
EPL/C, FIRARBAZNEREN, k@ Rfft R R M F®R &, o UERIEE
RN ERERFRAM BN E, R—HE AR BEAMAARERX, TEATHA
HmaASaft. FEAL, FREAUWURAAWLERFMF RN,

Sainergy 2\ Bl AR BRI RBERAW AR, 2 H =/, —H2RELEHAREFT
R (Cabot) A B & P HY Vulcan XC-72 Bl AFf R B £, — M 2K HAHE - amAxE L,
e i Fl48%% (Pt on High Durable Carbon) , #F —/Z¥ 4073 £ —fiEE4m
(Pt on Activated Carbon) , TATHIA B0 T & Frons:

i P BA¥HERER RHE
Carbon Black —XC72 Vulcan XC72 254 m’/g 20 nm
Carbon Black-Ketzen Black | X EHKE | 800 m’/g 30 nm
Carbon Black-BP2000 BERERKE | 1200 n’/g; 13 nm
Carbon Black-Graphitized | #ZE%kE 50 m’/g; 30 nm
Graphite Powder FP123 325 Mesh KA4E:0.3%

Vulcan XC-72 B4 RIFH EAE, A 5%. 10%. 15%. 20%. 30%. 40%. 50%. 60%.

12



ThEEM B E S Functional Materials Expert

BuBUmARER

80%. 100% (4AZ) +AA S, LHKEBL 4% G, BEARATHERERRELE, X
& bRk E AR 4% (Pt on High Surface Area Carbon) , =& MHae (HP) FHAR F= FF &
A e A T

# it Fl 488 (Pt on High Durable Carbon) RIEHREH AE, & 5%. 10%. 15%. 20%.
30%. 40%. 50%. 60%. 80%/LNAE S, EEi A% (HD) REAR Fu B AR MR £ e 48 A5 .

JEE4B (Pt on Activated Carbon) RIEFHEWAFE, A 0.1%. 0.3%. 0.5%. 1%.
3%. 5%. 10%. 20%/\NMEES, E&EMRAEMLA.
24K T R BTN
A= ~, WH

Pt/Vulcan XC72 (7t B8 AR v o FA P AR 48 L)

DURA-1yst® Pt5C

5% Platinum on Vulcan XC72 Carbon

DURA-1yst® Pt10C

10% Platinum on Vulcan XC72 Carbon

DURA-1yst® Pt15C

15% Platinum on Vulcan XC72 Carbon

DURA-1yst® Pt20C

20% Platinum on Vulcan XC72 Carbon

DURA-1yst® Pt30C

30% Platinum on Vulcan XC72 Carbon

DURA-1yst® Pt40C

40% Platinum on Vulcan XC72 Carbon

DURA-1yst® Pt50HC

50% Platinum on High Surface Area Carbon

DURA-1yst® Pt60HC

60% Platinum on High Surface Area Carbon

DURA-1yst® Pt80HC

80% Platinum on High Surface Area Carbon

DURA-1yst® Pt100

Platinum Black

Pt/High Durable Carbon (% M A ¥A¥H e, at B FE A% 48 4L R))

DURA-1yst® Pt5DC

5% Platinum on High Durable Carbon

DURA-1yst® Pt10DC

10% Platinum on High Durable Carbon

DURA-1yst® Pt15DC

15% Platinum on High Durable Carbon

DURA-1yst® Pt20DC

20% Platinum on High Durable Carbon

DURA-1yst® Pt30DC

30% Platinum on High Durable Carbon

DURA-1yst® Pt40DC

40% Platinum on High Durable Carbon

DURA-1yst® Pt50DC

50% Platinum on High Durable Carbon

DURA-1yst® Pt60DC

60% Platinum on High Durable Carbon

DURA-1yst® Pt80DC

80% Platinum on High Durable Carbon

Pt/Activated Carbon (% JE i & & AH)

DURA-1yst® Pt. 1AC

0.1% Platinum on Activated Carbon

DURA-1yst® Pt. 3AC

0.3% Platinum on Activated Carbon

DURA-1yst® Pt. 5AC

0.5% Platinum on Activated Carbon

DURA-1yst® Pt1AC

1% Platinum on Activated Carbon

DURA-1yst® Pt3AC

3% Platinum on Activated Carbon

DURA-1yst® Pt5AC

5% Platinum on Activated Carbon

DURA-1yst® Pt10AC

10% Platinum on Activated Carbon

DURA-1yst® Pt20AC

20% Platinum on Activated Carbon

1.1.2 A2 IR

Wen 5B (WRu, Co%) —RAMXAREL, WHIEMAT £54m6 & EMA,

Sainergy /\ & # ¥ Pt. Ru. Co. X &% . Y 44 (X, Y=Co, Ni, Cu, Fe, Cr, Ir, V) &
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B % 7£ Vulcan XC 72 % E .
A, BEoKET%k:

BhERERAE, BWAKEL, BTURHSHEE01E

o5

BB A

PtRu/HP Carbon

 E B F B AW CO FHAR MR o 18 LA

DURA-1yst® PtRul0C

7% Pt,3% Ru on Vulcan XC72 Carbon

DURA-1yst® PtRu20C

14% Pt,6% Ru on Vulcan XC72 Carbon

DURA-1yst® PtRu30C

20% Pt,10% Ru on Vulcan XC72 Carbon

DURA-1yst® PtRu40C

27% Pt,13% Ru on Vulcan XC72 Carbon

DURA-1yst® PtRu60HC

40% Pt,20% Ru on High Surface Area Carbon

DURA-1yst® PtRu80HC

55% Pt,25% Ru on High Surface Area Carbon

DURA-1yst® PtRul00

67% Pt,33% Ru Black

Pt,Co/HP Carbon

W B =TT 4 TAROMR Lt i AU

DURA-1yst® PtCo10C

9% Pt,1% Co on Vulcan XC72 Carbon

DURA-1yst® PtCo15C

13.5% Pt,1.5% Co on Vulcan XC72 Carbon

DURA-1yst® PtCo20C

18% Pt,2% Co on Vulcan XC72 Carbon

DURA-1yst® PtCo30C

27% Pt,3% Co on Vulcan XC72 Carbon

DURA-1yst® PtCo40C

36% Pt,4% Co on Vulcan XC72 Carbon

DURA-1yst® PtCo50HC

45% Pt,5% Co on High Surface Area Carbon

DURA-1yst® PtCo100

90% Pt,10% Co Black

Pt,Co/HD Carbon

W A M =TT 24 SO R s AR

DURA-1yst® PtCol0DC

9% Pt,1% Co on High Durable Carbon

DURA-1yst® PtCol5DC

13.5% Pt,1.5% Co on High Durable Carbon

DURA-1yst® PtCo20DC

18% Pt,2% Co on High Durable Carbon

DURA-1yst® PtCo30DC

27% Pt,3% Co on High Durable Carbon

DURA-1yst® PtCo40DC

36% Pt,4% Co on High Durable Carbon

DURA-1yst® PtCo50DC

45% Pt,5% Co on High Durable Carbon

Pt,X/HP

Carbon (X=Ni, Cu, Cr, Ir, V, Fe)

8= T £ 6 FAARORR W AR

DURA-1yst® PtX10C

9% Pt,1% X on Vulcan XC72 Carbon

DURA-1yst® PtX15C

13.5% Pt,1.5% X on Vulcan XC72 Carbon

DURA-1yst® PtX20C

18% Pt,2% X on Vulcan XC72 Carbon

DURA-1yst® PtX30C

27% Pt,3% X on Vulcan XC72 Carbon

DURA-1yst® PtX40C

36% Pt,4% X on Vulcan XC72 Carbon

DURA-1yst® PtX50HC

45% Pt,5% X on High Surface Area Carbon

DURA-1yst® PtX100

90% Pt,10% X Black

Pt,X/HD

Carbon (X=Ni, Cu, Cr, Ir, V, Fe)

A= 0 A B AOR P g A

DURA-1yst® PtX10DC

9% Pt,1% X on High Durable Carbon

DURA-1yst® PtX15DC

13.5% Pt,1.5% X on High Durable Carbon

DURA-1yst® PtX20DC

18% Pt,2% X on High Durable Carbon
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DURA-1yst® PtX30DC

27% Pt,3% X on High Durable Carbon

DURA-1yst® PtX40DC

36% Pt,4% X on High Durable Carbon

DURA-1yst® PtX50DC

45% Pt,5% X on High Durable Carbon

Pt,CoNi/HP Carbon

MR =0 6w R RO R R LA

DURA-1yst® PtCoNil0C

9% Pt,0.5% Co,0.5% Ni on Vulcan XC72 Carbon

DURA-1yst® PtCoNi15C

13. 5% Pt,0. 75% Co,0. 75% Ni on Vulcan XC72 Carbon

DURA-1yst® PtCoNi20C

18% Pt,1% Co,1% Ni on Vulcan XC72 Carbon

DURA-1yst® PtCoNi30C

27% Pt,1.5% Co,1.5% Ni on Vulcan XC72 Carbon

DURA-1yst® PtCoNi40C

36% Pt,2% Co,2% Ni on Vulcan XC72 Carbon

DURA-1yst® PtCoNi50HC

45% Pt, 2. 5% Co, 2. 5% Ni on High Surface Area Carbon

DURA-1yst® PtCoNi100

90% Pt,5% Co,5% Ni Black

Pt,CoNi/HD Carbon

W W H = T0 & 4 PAROR B it i AL

DURA-1yst® PtCoNil0DC

9% Pt,0.5% Co,0.5% Ni on High Durable Carbon

DURA-1yst® PtCoNi15DC

13. 5% Pt,0. 75% Co, 0. 75% Ni on High Durable Carbon

DURA-1yst® PtCoNi20DC

18% Pt,1% Co, 1% Ni on High Durable Carbon

DURA-1yst® PtCoNi30DC

27% Pt,1.5% Co,1.5% Ni on High Durable Carbon

DURA-1yst® PtCoNi40DC

36% Pt,2% Co,2% Ni on High Durable Carbon

DURA-1yst® PtCoNi50DC

45% Pt,2.5% Co,2.5% Ni on High Durable Carbon

PtXY/HP Carbon (X,Y=Co, Ni, Cu, Fe, Cr, Ir, V)
T8t 88 = JU A AR MR e ot A8 AL

DURA-1yst® PtXY10C

9% Pt,0.5% X ,0.5% Y on Vulcan XC72 Carbon

DURA-1yst® PtXY15C

13.5% Pt,0. 75% X,0.75% Y on Vulcan XC72 Carbon

DURA-1yst® PtXY20C

18% Pt,1% X,1% Y on Vulcan XC72 Carbon

DURA-1yst® PtXY30C

27% Pt,1.5% X,1.5% Y on Vulcan XC72 Carbon

DURA-1yst® PtXY40C

36% Pt,2% X,2% Y on Vulcan XC72 Carbon

DURA-1yst® PtXY50HC

45% Pt,2.5% X,2.5% Y on High Surface Area Carbon

DURA-1yst® PtXY100

90% Pt,5% X,5% Y Black

PtXY/HD Carbon(X,Y=Co, Ni, Cu, Fe, Cr, Ir, V)
& A = J0FA AR A e A8 AL

DURA-1yst® PtXY10DC

9% Pt,0.5% X,0.5% Y on High Durable Carbon

DURA-1yst® PtXY15DC

13.5% Pt,0.75% X,0.75% Y on High Durable Carbon

DURA-1yst® PtXY20DC

18% Pt,1% X,1% Y on High Durable Carbon

DURA-1yst® PtXY30DC

27% Pt,1.5% X,1.5% Y on High Durable Carbon

DURA-1yst® PtXY40DC

36% Pt,2% X,2% Y on High Durable Carbon

DURA-1yst® PtXY50DC

45% Pt,2.5% X,2.5% Y on High Durable Carbon

1.1.3 & EMAA
8 5 Mo =X FeO SR8 52 31 7 & B TOARM A B8 A BB e 5 4 BELH, BiETH
BB, B e s kT k.
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DURA-1yst® NiMo30C 25% Ni, 25% Mo/Carbon
DURA-1yst® NiFe060C 60% Ni Ferrite on Carbon
DURA-1yst® NiFe080C 80% Ni Ferrite on Carbon
DURA-1yst® NiFe090C 90% Ni Ferrite on Carbon
DURA-1yst® NiFeO Ni‘Ferrite on Carbon
1.1.4 FE/AXeAmeENA (Pt, Ir0,, Ruo,)

¥ 485 1r0, 2 Ru0, BFI S F 2] T E A T & & F B A K AR, ARIE A B oy 404K
HMAWE, BEpRwTR:

e WA

Pt/Tr0, % /6 ¥ & Fu K e A 48 LA
DURA-1yst® PtIr90 90%Pt/10%Ir0,(Electrolyzer Catalyst)
DURA-1yst® PtIr80 80%Pt/20%Ir0,(Electrolyzer Catalyst)
DURA-1yst® PtIr75 75%Pt/25%1r0,(Electrolyzer Catalyst)
DURA-1yst® PtIr50 50%Pt/50%Ir0,(Electrolyzer Catalyst)
DURA-1yst® Ir100 100%Ir0,(Electrolyzer Catalyst)

Pt/RuO, % M &6 ¥ 8% Fn A o, 4 48 LA
DURA-1yst® PtRu90 90%Pt/10%Ru0, (Electrolyzer Catalyst)
DURA-1yst® PtRu80 80%Pt/20%Ru0, (Electrolyzer Catalyst)
DURA-1yst® PtRu75 75%Pt/25%Ru0, (Electrolyzer Catalyst)
DURA-1yst® PtRu50 50%Pt/50%Ru0, (Electrolyzer Catalyst)
DURA-1yst® Rul00 100%Ru0, (Electrolyzer Catalyst)

1.1.5 /AL REAH (Ag,Pt, AL, Pd F4 AA)

Sainergy A&7 @i ¥ Ag. M A4 (M=Co. Ni. Cu. Zn. Fe. Mn. Sn) 4 %! #& 7 Vulcan
XCT2 % B, mbxaMxE,. amWARE. @b Lt, FTUARALZZATALENE

WA, BEpKwTk:
A W
Ag/Vulcan XC72 Carbon

T AR s b e e AL A BB R A R R LA
DURA-1yst® Ag05C 5% Ag on Vulcan XC72 Carbon
DURA-1yst® Agl0C 10% Ag on Vulcan XC72 Carbon
DURA-1yst® Ag20C 20% Ag on Vulcan XC72 Carbon
DURA-1yst® Ag40C 40% Ag on Vulcan XC72 Carbon
DURA-1yst® Ag60C 60% Ag on Vulcan XC72 Carbon
DURA-1yst® Ag80C 80% Ag on Vulcan XC72 Carbon
DURA-1yst® Agl00 100% Ag Black

Ag/HD Carbon

o TR ot e o A 1 R R A R AR A
DURA-1yst® Ag05HD 5% Ag on High Durable Carbon
DURA-1yst® AglOHD 10% Ag on High Durable Carbon
DURA-1yst® Ag20HD 20% Ag on High Durable Carbon
DURA-1yst® Ag40HD 40% Ag on High Durable Carbon
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DURA-1yst® Ag60HD

60% Ag on High Durable Carbon

DURA-1yst® Ag80HD

80% Ag on High Durable Carbon

Pt

/Alumina % % BB AL EE LR

DURA-1yst® Pt. 1Al

0.1% Pt on Alumina

DURA-1yst® Pt. 3A1

0.3% Pt on Alumina

DURA-1yst® Pt. bAl

0.5% Pt on Alumina

DURA-1yst® Ptl1Al

1% Pt on Alumina

DURA-1yst® Pt3Al

3% Pt on Alumina

DURA-1yst® PtbhAl

5% Pt on Alumina

DURA-1yst® Pt10Al

10% Pt on Alumina

DURA-1yst® Pt20Al1

20% Pt on Alumina

Pd

/Alumina % % B8 8% FE & ALA

DURA-1yst® Pd. 1A1

0.1% Pd on Alumina

DURA-1yst® Pd. 3A1

0.3% Pd on Alumina

DURA-1yst® Pd. 5Al

0.5% Pd on Alumina

DURA-1yst® Pd1Al

1% Pd on Alumina

DURA-1yst® Pd3Al

3% Pd on Alumina

DURA-1yst® PdbAl

5% Pd on Alumina

DURA-1yst® Pd10Al

10% Pd on Alumina

DURA-1yst® Pd20A1

20% Pd on Alumina

M/Vulcan XC72 (M=Co, Ni, Cu, Zn, Fe, Mn, Sn)

SR S KA

DURA-1yst® M0O5C

5% M on Vulcan XC72 Carbon

DURA-1yst® M10C

10% M on Vulcan XC72 Carbon

DURA-1yst® M20C

20% M on Vulcan XC72 Carbon

DURA-1yst® M40C

40% M on Vulcan XC72 Carbon

DURA-1yst® M60C

60% M on Vulcan XC72 Carbon

DURA-1yst® M80OC

80% M on Vulcan XC72 Carbon

DURA-1yst® M100

100% M Black

M/HD Carbon (M=Co, Ni, Cu, Zn, Fe, Mn, Sn)

2R S R A

DURA-1yst® M05DC

5% M on High Durable Carbon

DURA-1yst® M10DC

10% M on High Durable Carbon

DURA-1yst® M20DC

20% M on High Durable Carbon

DURA-1yst® M40DC

40% M on High Durable Carbon

DURA-1yst® M60DC

60% M on High Durable Carbon

DURA-1yst® M80DC

80% M on High Durable Carbon

DURA-1yst® M1A1

1% M on Alumina

DURA-1yst® M5A1

5% M on Alumina

DURA-1yst® M10A1

10% M on Alumina

DURA-1yst® M20A1

20% M on Alumina

1.1.6 £ EMLA (P/C)

Sainergy /2 8] # T H 4 4 A M A E B (Pd on Activated Carbon) L, BU¥ LI4#&
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AR, HEFHEMEENAN, BEH XD TR

DURA-1yst® Pd. 1AC 0.1% Palladium on Activated Carbon
DURA-1yst® Pd. 3AC 0.3% Palladium on Activated Carbon
DURA-1yst® Pd. 5AC 0.5% Palladium on Activated Carbon
DURA-1yst® Pd1AC 1% Palladium on Activated Carbon
DURA-1yst® Pd3AC 3% Palladium on Activated Carbon
DURA-1yst® Pd5AC 5% Palladium on Activated Carbon
DURA-1yst® Pd10AC 10% Palladium on Activated Carbon
DURA-1yst® Pd20AC 20% Palladium on Activated Carbon
AP :
L BRI ARBFMN, —SERA PR, W H ke, BARERK, HETE
ZWME5ERAELHE;

2. R BRI XA — K EHHFEEA, WRARTEFERERESHERTE
TR, AANLREFFIME, EHFBRERBANERLT, RAXHEHLR, GHR”
miEshy ZFRERRMELRRK, RREREER) ;

LEUANFRLRE, MEXTHEIALRA, WEFEERE NN,

1.2 DURA-GDL & 4k ¥ # B

DURA-GDL % 7| Bt A S AR #1 B & Sainergy /8 ¥ 8% 4. 5% 7 6 2 A 12 B PTFE
o ILE MPL, B2 — R AEART REFGEAMILEAGRYT #E, E&HFRELH
TAV R R R R A M, RATE UIRIEE P B R IR G B W E A B AR AL/
WA B AMILER A/ A, FRNAART BEEM Rk BT 2R %,
MU EER TR EE,

A L] B OHE [ & RIE [ & R RIE Sk ] T RE

L4
FVIEE = = FMIE

Dura—-GDL (ZE#) Dura-GDL (FEMR+H L E)

1. 2.1 Dura—GDL Bt A8 4K
Dura—GDL Bt A 8% 482 ¥ PTFE %A B E o 40E R L, A 130um, 200um. 300um, 400um

WA BEHAES, WTHw.

A= P9

Dura-GDL® 100FP2 Teflonized Carbon Paper (0.13 mm), 19cm x19 cm
Dura-GDL® 200FP2 Teflonized Carbon Paper (0.20 mm), 19cm x19 cm
Dura-GDL® 300FP2 Teflonized Carbon Paper (0.30 mm), 19cm x19 cm
Dura-GDL® 400FP2 Teflonized Carbon Paper (0.40 mm), 19cm x19 cm

1.2.2 Dura—GDL BAB: A
Dura—GDL B /K B 7 & ¥ PTFE &7k 1% B £ 5% A £ £, & 200um. 300um. 400um =&

ERAE, wT AR,
A= PLH
Dura—GDL® 200FC2 Teflonized Carbon Cloth (0.20 mm), 20 cm x 20 cm
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Dura-GDL® 300FC2 Teflonized Carbon Cloth (0.30 mm), 20 cm x 20 cm
Dura-GDL® 400FC2 Teflonized Carbon Cloth (0.40 mm), 20 cm x 20 cm
Dura-GDL® 400FC4 Teflonized Carbon Cloth (0.40 mm), 40 cm x 40 cm
Dura-GDL® 400FC5 Teflonized Carbon Cloth (0.40 mm), 50 cm x 50 cm

1.2.3 Dura—GDL BRAMIA. B
Dura—GDL Bt A ML 2 8% 4K 2 ¥ PTFE @l fn ik 5L E MPL & B & & A £ £, A 130um.
200um. 300um. 400um WA E E @A S, 4T R,

Dura-GDL® 100LP2 MPL Coated Carbon Paper (0.13 mm), 19 cm x 19 cm
Dura-GDL® 200LP2 MPL Coated Carbon Paper (0.20 mm), 19 cm x 19 cm
Dura-GDL® 300LP2 MPL Coated Carbon Paper (0.30 mm), 19 cm x 19 cm
Dura-GDL® 400LP2 MPL Coated Carbon Paper (0.40 mm), 19 cm x 19 cm

1.2.4 Dura—GDL HAMIAEBRA
Dura-GDL 5t A # 7L B #% 7 & H PTFE % i Fn 4 FL 2 MPL 32 B £ % A £ AR £, & 200um.
300um. 400um =N EEWAE S, W TR,

Dura-GDL® 200LC2 MPL Coated Carbon Cloth (0.20 mm), 20 cm x 20 cm
Dura-GDL® 300LC2 MPL Coated Carbon Cloth (0.30 mm), 20 cm x 20 cm
Dura-GDL® 400LC2 MPL Coated Carbon Cloth (0.40 mm), 20 cm x 20 cm
Dura-GDL® 400LC4 MPL Coated Carbon Cloth (0.40 mm), 40 cm x 40 cm
Dura-GDL® 400LC5 MPL Coated Carbon Cloth (0.40 mm), 50 cm x 50 cm

1.3 DURA-GDE & 4&¥ %k . 4%

Dura-GDE % 7| S k4 #k 4% 2 4 PTFE, MPLs Fu b0k B Em Ak s b, BEH—
RUNVAARY Bk, ¥HA AR SEREESE FHEREFE T — H MEA FEEK,

Dura—GDE Ll B AT B R 5 &8 FTHEFEL, BAL R EEfm FE, Pt
HEIGE A 0. 25mg £ 0. 5mg/cm,Pt/C W E 2 A F, 4 &2 B UH, 77E A E N 0. 5mg
F1.0. 25mg/cem’s FATFT LLIR M A% A A 4R H GDE. FATE 7 LUAR 3B & 7 B L4 4 PEMFC. DMFC.
PAFC. AFC %% £ GDE.
1.3.1 Dura—GDE BRAXE R hy # B

Dura-GDE # 4% 2 S 4k &~ #k . AT /E 4 A7) 7 2 8 4 0. Smg/cm’, A 130um, 200um., 300um,
400um WA B EWE S, FE, RITXFLH, W TR,
Eihcs Pt
Dura—GDE® 5Pt100P2 0.5 mg Pt/cm’ MPL Carbon Paper (0.13 mm),19 x 19 cm
Dura—GDE® 5Pt200P2 0.5 mg Pt/cm’ MPL Carbon Paper (0. 20 mm),19 x 19 cm
Dura-GDE® 5PtRu200P2 | 0.5 mg PtRu/cm’ MPL Carbon Paper (0. 20 mm),19 x 19 cm
Dura—-GDE® 5Pt300P2 0.5 mg Pt/cm’ MPL Carbon Paper (0. 30 mm),19 x 19 cm
Dura—GDE® 5Pt400P2 0.5 mg Pt/cm® MPL Carbon Paper (0.40 mm),19 x 19 cm
1.3.2 Dura—GDE A & K4y # B

Dura-GDE B #7 B 5 f& ¥ # A% 1L 7| 1 # 2 4 0. 5mg/cm’ 7 0. 8mg/cm’, & 200um,
300um. 400um =EFEWA S, FE, RIOIXELZF, 0T R

HEZ BB

Dura—GDE® 5Pt200C2 0.5 mg Pt/cm® MPL Carbon Cloth (0.20 mm), 20 x 20cm
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Dura—GDE® 5Pt300C2

0.5 mg Pt/cm®* MPL Carbon Cloth (0.30 mm), 20 x 20cm

Dura—GDE® 5Pt400C2

0.5 mg Pt/cm* MPL Carbon Cloth (0.40 mm), 20 x 20cm

Dura—GDE® 8Pt400C2

0.8 mg Pt/cm’ MPL Carbon Cloth (0.40 mm), 20 x 20cm

Dura—GDE® 5PtRu400C2

0.5 mg PtRu/cm’ MPL Carbon Cloth (0. 40 mm), 20 x 20cm

1. 4 DURA-H./RHE % F Ak
1. 4.1 PEM =2 4 BH A% 48 A

JiI T PEM e AR A& en TRAR E FL AU, B35 40%4A 8k, 30%RI 404 B, 30%HIAHEE, T AT,

%

L

DURA-1yst® Pt40C

40% Pt on Vulcan XC72 Carbon

DURA-1yst® PtCo30C

27% Pt, 3% Co on Vulcan XC72 Carbon

DURA-1yst® PtNi30C

27% Pt, 3% Ni on Vulcan XC72 Carbon

1. 4.2 PEM =, f #& [ A% & 1A

Fi T PEM B AR AE Y FE AR B AL A, & EfER, 50%E04A A fhaR, To%RI4HE R, T AT

=l

o

A5
DURA-1yst® Ir0

P
100% Ir0,

DURA-1yst® Pt50Ir0

50% Pt/50% IrO,

DURA-1yst® Pt75Ir0

75% Pt/25% IrO,

1.4.3 PEM R ARAE FH AR B4R

FIT PEM R AERGTAM AR, EERMK. MEHK. HEBIREE 20X20cm BB L,

W R,
=
Dura-GDE® 5Pt400P

it B
0. 5mg Pt/cm’ Carbon Paper (0. 4mm)

Dura—-GDE® 5PtCo400P

0. 5mg PtCo/cm’ Carbon Paper (0. 4mm)

Dura—-GDE® 5PtNi400P

0. 5mg PtNi/cm’ Carbon Paper (0. 4mm)

1. 4.4 PEM =A@ FEAR B4R

BT PEM R AR A By PHAR AR, = B R A MM IA H AN IR E A 20X20cm B4R W £,

TH 7
8%
Dura-PTL® 20PtIrOTi

PLH
2 mg 75Pt/25 Ir0/cm’ Titanium Mesh (1 mm)

Dura-PTL® 20PtIr0Ti

2 mg 50Pt/50 Ir0/cm’ Titanium Mesh (1 mm)

Dura-PTL® 20IrOTi

2 mg Ir0/cm’ Titanium Mesh (1 mm)

1. 4.5 AEM W7 B B 48 4L 5
AT ARM SRR AR A, B, R, BE%, TR,

e
DURA-1yst® PtRu40C

it B
27% Pt, 13% Ru on Vulcan XC-72 Carbon

DURA-1yst® PtCo30C

27% Pt, 3% Co on Vulcan XC-72 Carbon

DURA-1yst® PtNi30C

27% Pt, 3% Ni on Vulcan XC-72 Carbon

1. 4.6 AEM =2 A7 1 FH A% & 1A

FIT AEM BRI PERAE LT, B15 60 BR . B0%KER R . J0RRERER, ZLH MR,

W TR

A5

20
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DURA-1yst® NiFe060C

60% Ni Ferrite on Carbon

DURA-1yst® NiFe080C

80% Ni Ferrite on Carbon

DURA-1yst® NiFe090C

90% Ni Ferrite on Carbon

DURA-1yst® NiFeO

Ni Ferrite

1. 4.7 AEM B2 A% % [ A% s %

FI T AEM e A PR AR AR, £ Bom 20 % . 4% . 41 BB L7 37 20X20em BB 4R L,

W HTR,

Dura—-GDE® 5PtRu400P

0. 5mg PtRu/cm’ Carbon Paper (0. 4mm)

Dura—GDE® 5PtCo400P

0. 5mg PtCo/cm’ Carbon Paper (0. 4mm)

Dura—-GDE® 5PtNi400P

0. 5mg PtNi/cm’ Carbon Paper (0. 4mm)

1.4.8 AEM =A@ FEAR B4R

Ji T AEM B AR AE B PEAR A%, £ 2 60%, 80%, 90%, 100%H %k B2 48 £ # 78 20X20cm #Y

BRWE, TR,
A&
Dura—PTL® 20NiFe060C

it B
2 mg NiFe060C/cm’ Nickel Mesh (1mm)

Dura-PTL® 20NiFe080C

2 mg NiFe080C/cm* Nickel Mesh (1mm)

Dura-PTL® 20NiFe090C
Dura-PTL® 20NiFe0

1.5 DURA-CCM & MEA FEe5.3%

FE B R IAA A e R A O E M, ERAR T mAREW MR, AW ILER
HAAE R, — b AR IR B IR AR COM, 57 — F 2 A7 O & B A MEA.

R (MEA) 22— 56 B4 M, BEAESAY #BE (GDL) MENFEZA, &
H—FE AR BT EEER (COD 3 B4, REAAEEHRTELXE, BFA

wy#E, (wTERR)

Material

AMAERNEER EEXFETRESTH ARY #E DL FEAF BN EE D EfRE
FE B A MEA o, GDL & fE5 W — M m i ILE (MPLs) BABR4N# B AR, 43T PTFE
BiASCE, HEBITREMAEF AW KHEEE . MILE G &k, F PTRE R R E K, I
RAETERKRT, BRELFEUENERRET ARNILEN, LEIRFENENE., XML
MER G RN E, TR F E R,

BAF % BB CCM (3 B MEA) 32 H ARy #E DL, HEEZFATAKRT #ELEHWHN
. ECOMF, BURMEES AR ERERT, B THETRELBK, XEGFHIEEESEAX,
A AT B, Sainergy /A & H# A Dura—CCM #1 Dura-MEA A~ 2 7| 09 BE B 4% .

1.5.1 Dura-CCM {73 EEHERK (3 B)

Dura—-CCM 1L 7134 EFE e % Pt A & # 0. 5mg/cm’, |RERTHARE, HEA Sem’,
25cm’, 50cm’, 100cm’, 150cm’, 300cm’ <AE Z, [FE &, RATZHFEH, w0 THR.

A A

2 mg NiFe090C/cm’ Nickel Mesh (1mm)
2 mg NiFeO/cm’ Nickel Mesh (1mm)

MEAT
MEAS ‘
MEA3 l

Gas Catahyst (A) Gas Sealing
Diffusion Layer Membrane (B)  Diffusion Layer Material
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Dura—CCM® 5Pt3L5 0.5 mg Pt/cm’ Catalyst Coated Membrane,?2.25 x 2.25cm
Dura—CCM® 5Pt3L25 0.5 mg Pt/cm’ Catalyst Coated Membrane,5 x 5cm
Dura—CCM® 5Pt3L50 0.5 mg Pt/cn’ Catalyst Coated Membrane,7.1 x 7.1lcm
Dura—CCM® 5Pt3L100 | 0.5 mg Pt/cm’ Catalyst Coated Membrane, 10 x 10cm
Dura—CCM® 5Pt3L150 | 0.5 mg Pt/cm’ Catalyst Coated Membrane, 10 x 15cm
Dura-CCM® 5Pt3L300 | 0.5 mg Pt/cm® Catalyst Coated Membrane, 20 x 15cm
1.5.2 Dura—MEA #RAEREEAR (52

Dura-MEA #r7E BE AR Pt i # € 4 0. 5mg/cm2, MRIER T AFE, EHEF 5em’. 25cm’,
50cm’, 100cm’, 150cm’, 300cw <A 5, F&, HATXHFEH, 0T HT.
Dura-MEA® 5Pt5L5 0.5 mg Pt/cm’ Membrane Electrode Assembly, 2. 25 x 2. 25cm
Dura-MEA® 5Pt5L25 0.5 mg Pt/cm’ Membrane Electrode Assembly,5 x 5cm
Dura-MEA® 5Pt5L50 0.5 mg Pt/cm’ Membrane Electrode Assembly,7.1 x 7. lcm
Dura-MEA® 5Pt5L100 | 0.5 mg Pt/cm’ Membrane Electrode Assembly,10 x 10cm
Dura—MEA® 5Pt5L150 | 0.5 mg Pt/cm’ Membrane Electrode Assembly,10 x 15cm
Dura-MEA® 5Pt5L300 | 0.5 mg Pt/cm’ Membrane Electrode Assembly,20 x 15cm

1.6 DURA-SLATE A & ¥ # K

PRI ERR, ERPEBEERFZ — AFTRAREET: 2B SEL
A, BiERAER; K&, FRER, BE9EE; RIS TRE, THEIERLELEE
LR B RORL B AT AR R OB REHEHIINVE, REFRMIER LA Wik maEES; BE
W, EER; FMAAR, ZZNRMT, EotERESE.

FBBEMBARET 2 H 3 K: RAMK CRBMREEBEERTNE MK,

KM KEMAMEERE. BERMBEBK FW 8. ERRERK A BE
E, AWM TR ERRRE, 7 ERRRUFERRE, 5 MEA 2 8 # ik B b,

ERMF. B, B, RETHAEL BB TATHREIBRK. £BXBRZ MW T, 7
HERE, RAK, EEE, @ ERLAREEES.

BaMM. BXMREG MEA Z Al e A, RIEEEm AR ARKAS, BARE
T, % AT BB A, B BB AR R/, T4 WA SR & @ R T
FRNEALYREEMEEEE,

T T s R UE

:me&MEE%E%ﬂﬁﬁ

P!EEHHEE
F|V|-E ncterd (PO 4 BF it T FK) 34 4%
Expert

www.FMExpert.net

Dura-SLATE A 2R 6 AR R AEFE TAAEH T EME, BIREMEEHRE, 272

22
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W] AR AN SEAT AL T, s S 1 g A 7= o] DURAE 7= s Y 39 A A A U &, RIB R T H0 A

A, AUTHEZ,

Dura—SLATE® ST400 | Graphite Composite Bipolar Plate, 35 cm x 50 cm x 4 mm
Dura—SLATE® ST400 | Graphite Composite Bipolar Plate, 35 cm x 45 cm x 2 mm
Dura—SLATE® ST400 | Graphite Composite Bipolar Plate, 25 cm x 35 cm x 2 mm

23
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2 % Versogen (W7 Energy) A ¥
Versogen & A AN AL IHE Fx M (Anion Exchange Membrane) #1 AEM A B ## H, 3
MR G ENE, B TEAZEARNAAEWHN, HFHEKXFH Henry B. duPont
BEIEHR T ELELET 2017 FAZESFREMNG L. A8 AT EERAEMNR LT,
METHAERENEA LA FE, AR FHRRTE, TRFE, BASEFHLH
MREE., LK ITRHAZFHIH, K Versogen WRKEXEF LR EKAD,

Versdgen.

The Hydrogen Generation.

2.1 ¥R

Versogen 7 ] HIAZ /3 F= & & PiperlON [ FA#PE, B R B/ 32 i A T AEM 7 B A7 %1
A.AMA RN, AT EEENF RS T AN EAFE RN T RE SRR,
PiperION FA® FR ek B MM EIAE T, HERBEETF. A FURAKNZFEE, B
W FE5%EE (150 mS/cm, OH , 80°C) , A2 2t & (8000+h, 1 M KOH,80°C) Fu AL #k i /& & (67
MPa stress,117% strain) #Y4F &,

AT F & 4 M 3R B9 PEM (Proton Exchange Membrane, il ¥ #: /%, #w Nafion & F
L), AEM 7K b R 2 RE 6 ] BR A AV AR R & BAB GAI UL R & B WM AR 52 Bk & A A e
K 60%. 45 A 15K 5 A B 7T B A& 8L JR , Versogen B ARM K B AR A E 7E 2050 4 F& (% 2 2k 36%
BIBRHE B, H A1 2.5 FILE T T,

BRANMBFERETAFRENE, ANIIATEE FHEFHEMIMBEEE, Fl, 4
Sem’ B A AE A2 FEAR AL A NS AR, (E B R EFERAE A Aok 4E £ L B, PiperION &
£ 1.8V TR 4 1020mA/cm’ By BLIE 2 & 72 200mA/cm’ T34 2 160 /NEE BTt A 1 .

l / " \ \ c
IS AY TR YA JA 74 :
1 -
L!‘\-\A

B

2.2 Versogen B X #HHE F

Versogen B X # & T (Versogen Self-Supporting AEMs) B ##& 20um, 40um. 60um.
80um U7H )& ey AR RE, £ 13um. 17um, 25um, 35um, 65um. 70um 7~ 7% E & M 3E AR B,
E: FREEEHAZTERE,

2.2.1 PiperTON-A20-HCO3 FA & ¥ &

KX ERE FREE, RTEM WY LEMAE FRa&E, HEEENEE (20um)
URBBRARMAE TR, BEENAT AMM AR mibd, TFELNBACEEE, T
HHHENEEHARTY, YERBEMREFABRHBET,

2.2.2 PiperTON-A40-HCO3 FA & ¥ &

XHEXERAE TR EREEILEANE TEISEABONRERE, T A T =
ANBRLERFRNFEMBE T, A0un W EERNE LA EME T REARN LB AKRYT #&
B #% (GDE, Gas Diffusion Electrode), #EME FHFERIET BEERETHK, BEW
MR T E 7T LR AR TE B B Bt R BT o

24
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2. 2.3 PiperION-A60-HCO3 [H & F &

X 2 Versogen AN FF A —HEE N 60um B B XEA B FR&EE, ETREFIHRE
(PAP,Poly Aryl Piperidinium) WH L& 4 FHE, B L4 mBREN TN EHEWRBAN
FEREE TFERA,

2.2.4 PiperION-A80-HCO3 FH & F &

XRE—HETREZIHUKE (PAP,Poly Aryl Piperidinium) WENE 4 T, 4675
BENFAEREWEMRN - FERTEE TEGRA, 2% 1A KEEH DT LW 80un =&
FEEXHEWE FRG&E, EREE, #EMEAE N ENIET (1.8V,1.94/cn’, 1 M
KOH,80°C), LI A4 = &4 m E A A (99.9995%, 30 Bar), # HEARMMARBER(
X 10 “mol/ (KPa * s cm), & Nafion Jit ¥ 2 B8 50%), L4 %,

2.3 Versogen £ A4 WHE FiE

Versogen £ 4 W™ FHE (AEMs) , 2 i3l 66 05 3 26 0% v At A A AL A i FL I A6 % 19 4,
7% (ePTFE) #fh# R, # 7L ePTFE B £ £ % T B FHUNMAE M, & THEH—
AENEWE, HE AR MR, B E AN EFS e BS LA HE e X
FEEAR, MUMMEBE O Y RBE AN, EmENANEARSE, B Versogen 2 8T £
HT 10un A 15um KRR E AT FRE, UR—#% 2w ERAEEELEAHEF
M, E: ) RXFLARERE, S4B TFTHELEF,

2.3.1 PiperION-A10R-HCO3 [H & F &

% 2 Versogen N A LM RF —HMEA VB TREHE, EEEE THBHEM A
ANEEREOMILBERNATE, #— 5 EEEHNEEE 10un.

2.3.2 PiperION-A15R-HCO3 [H & F i

RHEANE TR ABERE G XHBNEN W\ EE R NHI AR TR
(ePTFE) #fk, # — (KA EZ 5 150n, ZABAEERNEREEN LM E & HWHE
Fa b, IR R LB AR 3 B R, 18 T 38 R 7 0 B AEM AR et # R D
Tl A

[ZEE g el [BE (um) 8E& (g/m?)
PiperlON™-A20-HCO3 20 22.6
PiperlON™-A40-HCO3 40 45.2
PiperlON™-A80-HCO3 80 90.4

IR BFHE
Hi{g38RE (MPa)
PiperlON™-A20-HCO3 >50
PiperlON™-A40-HCO3 >50
PiperlON™-A80-HCO3 >50
iR
PiperlON™-A20-HCO3 >30
PiperlON™-A40-HCO3 >50
PiperlON™-A80-HCO3 %50
hi{i<E (%)
PiperlON™-A20-HCO3 >60
PiperlON™-A40-HCO3 >60
PiperlON™-A80-HCO3 >100
B (g/cm?) 1.13
Hitti$R
|IEC (OH-, meqg/g) 2.35
&5 (mS/cm, OH-, 80 °C) >150

25
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IBARTERR BFHE

BRKER (%, 80°C, 1 M KOH) 8
IR7KZE (%, 80 °C, 1 M KOH) 50

2.4 Versogen FA B F B /# B8

2.4.1 PiperION-A5-HCO3-EtOH

Versogen B FHA8%K (LK YEFHEER. BREAKR. BFSEA. Tonomer
S REEE TSR, BEMREE R S — AR, Versogen 42 f Swthil B
W, RN TEE, A 20mL.
2.4.2 PiperON-A-SOLID #t fg

%7 HTFREER, 4T ETFER, Versogen 2 3 T LUZ M8 AWK B B b K, G it
BERE, BV DL AR K B R R A R

o B ARM H1 2 B 1 B 5 BEVIR o o A M AR o B VIR R A A R — R 4
THT T,

-
ll o |
N. OH 257
P .Y
Stable cation Rigid-ether-bond-free aryl backbone

2.5 PiperION &8 i B 24
2.5.1 AEM 7 4%

ACS Catal.: Water—Fed Hydroxide Exchange Membrane Electrolyzer Enabled by a
Fluoride-Incorporated Nickel - Iron Oxyhydroxide Oxygen Evolution Electrode
doi. org/10. 1021 /acscatal. 0c04200

% & Versogen & A % 5 e #7 A 82—k FAMR A 77 5 PiperION FA & T i, 52340 A &2
MG S IAE| 2 1020mA e HE S 1.8V R, KA ANMEE = FKAAT TARF LA,

ACS Appl. Mater. Interfaces: Performance and Durability of Pure—Water-Fed Anion
Exchange ' Membrane Electrolyzers Using Baseline Materials <and Operation
doi. org/10. 1021/acsami. 1c06053

55T AT A AR 4 K K B ) S LA R, Piper TON PR F 20 42 S L & et 1Acm
A5 19 VEE, EHEEREE EAB LIS HE RS FokE.
2.5.2 MR e

Nat. Energy: Poly(aryl piperidinium) membranes and ionomers for hydroxide
exchange membrane fuel cells doi.org/10. 1038/s41560-019-0372-8

A PiperTON [A & F 32 #FE R 2L # 4% fE B UK RE T Nature Energy #EH K EXEE
A U.S patent 10,290,890, £ A K& EARBE A, BRI KEREMR G/ Z 54
TSEI 920 mW em "R FE

J. Electrochem. Soc.: High-Performance Hydroxide Exchange Membrane Fuel Cells

26
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through Optimization of Relative Humidity,Backpressure and Catalyst Selection
doi.org/10. 1149/2. 0361907 jes

T PiperION IS FRGENEM B B EXREZI 1.89 W en WA/ AR E W F
L3 W em WA/ ERENERE.

J. Electrochem. Soc.: Improving Performance and Durability of Low Temperature

228

E

i

Direct Ammonia Fuel Cells: Effect of Backpressure and Oxygen Reduction Catalysts
doi. org/10.1149/1945-7111/abdcca

WA E E SRR ENA, £ T PiperION AR FR&BEH HERAM A a2 T
390 mW cm” 3 &5 B B M EEIT
2.5.3 CO, %R

Energy Environ. Sci.: High carbonate ion conductance of a robust PiperION
membrane allows industrial current density and conversion in a zero—gap carbon
dioxide electrolyzer cell doi.org/10.1039/d0ee02589%¢

2T PiperTON FA® T2 # B wy F A 4 CO, AR L R i, 342 T PiperIONHV & & T 1%
S, TIFEE (Go>10 cen), BHNE (45%) 5 &k E M (90%) 87 CO, T JE 4 & C0. X
HT bR A K, TENF.

Nat. Energy: Operando cathode activation with alkali metal cations for high
current density operation of water—fed zero—gap carbon dioxide electrolysers
doi. org/10. 1038/s41560-021-00813-w

A R T8 CO, B A# 76 B 3t (U M AH=100cm”) L2 5 & 2 M #F %, PiperION FH & Fx
BERIHTES FHEEE SRR, BAR LA,

2.6 PiperION J¥ iz o fu 4L 32

2.6.1 [EWyiz

BIREWE AN R R, FEEE A SR AES, AL, HETER
ZRIER, BETIRE, UBRABWHREHgE, BELF—NEHEE. R+
B ID AT AR,

2.6.2 EHAE

ZHEUTEMBR AW R TN, RERAN, KEEFERENOER. T ERE
HEER. REAZATASRBERA, AT SHERE MK, £ 7%, T4 MKEEH.
WA B, RERLTRETFE, BAERLINELETFENHET (mCl) 7
REIRE, TEFAUETHE, ERTER. KB, BEERERK——EE FEWR T,
INGHNE R S, R AR L ER .,

BENER L EGE, 5 ETHETFEN SR, 0B EAREEF £GEHRE%, &8
FEIAFRRNAERRE., BABMES, NERIB. HTREFLTHEARY, F
W R A A R LU B AT R S TR B AR b BB A B R

INCRE, BEWERBEE, AAXLSHE FHERE,

2.6.3 AT E

WRALL, FERAMEEERELGTHE 16, 2B ER. 7 TAAND T LERLS
/AR, R AR AR RN A ONE, UKERENEER,

BN ONA, EEEET 0.0M AL REAENFHABRRE, EEETHE
1/NEF. L /NBE G, T 689 0.5 A AN R A AN A ERER, HEBETETAAEA
1 NBE, FRBHE, FEBTAPRER QI~T) . RERVEBERESSF, B
FEFT DL IR CO,, S EREH U ABRR ALK,
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WRAAFHBRAAZL T, TUBRZEE AL BN BIR, FRARRALENA
SEANY. EHEAHNE, RRRAEPIBEFHAANARNKRABNET, AT REX
EE, BUXRAEMBENRELGET,

#WRONAWBETR. TRAGTHRHAEFLRARRIARZY K.

1) Place 2) Place half of the width 3) Lift the tape at a 4) Place the released 5) Cut the edge that

membrane on a of the scotch tape across sharp angle with membrane in a flat had the tape attached.

flat surface one of the cut ends of respect the backer, surface. Carefulto avoid The membrane is now
the membrane. Be sure as shown in the membrane getting ready to use. Sample is
to cover the entire diagram below bound onto the tape shipped in HCO, form.

membrane width

—

Scotch tape Importantto peel at
PAP membrane — / asharpangle

Backer
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3 & & FuMA Tech A g
FuMA Tech (FUMATECH BWT GmbH) /A &AL TEE, & — K E£FMNFRH b A F o
BREALSE, S EAKERAEN SRR F . FuMA Tech 2 7 8 Dynamic Team % i T &
BERAR, ERAMNF. BEFFELSBERATEHF 25 FULER,
FuMA-Tech /A B] B F & # 6 B 43 & 4. (RIE R F 20 JE R . (LT-PEMFC) | &
IR T AR B R e (HT-PEMFC) . E B W EE AR et (DMFC) . BRE MR s (AFC) .
AL BRI, ARG F B E

e

fuma
tec

FuMA-Tech A G M= & ¥ 8, @& H: AE F%E (AEM | FHHE 728 # & (CEM/PEND,
WA (BPMD) ;3 B4 ZAZF| &, £9 Funion 27| 4 & BAEMAE, T EIEH 0 &F Tk
47y Fumasep Z%| £ E A T E SN AR IR B M; Fumapem £ & F T B M, & AFC,
PEMFC. DMFC %, Fumea % 7| % & &K B FE A% ZHE,

BuBSEADER

® fumion® ionomer resin as granular polymer, in solution form or in dispersion
® fumion® FF granular perfluorosulfonyl flucride resin for extrusion

® fumapem® F perfluorosulfonic acid membranes for PEMFC

= fumapem® AM  polybenzimidazole membranes for high temperature PEMFC

® fumapem® ST hydrocarbon membranes for DMFC and PEMFC

® fumapem® PbE  hydrocarbon membranes for DMFC

= fumapem® FAA  anion-exchange membrane for alkaline FC

® fumasep® FAP  anion-exchange membrane for redox flow batteries

= fumasep® FBM  bipolar membrane

= fumasep® HF hollow fibre cartridge for gas humidification

® fumasep® ion-exchange membranes for humidifier, electrodialysis and electrolysis
® fumea® catalyst coated membranes for water electrolysis

Fumasep 27| 8 TR X A TRANMBRE M, UATERMRTRE, TATEHN
1650mm, 1R 1E A 7= E AR, AATESRIE, WA B BB, HAIREREF T F 2%

Type Reinforcement  Thickness i Specific Stability

area resistance

pm meq/g % Qcm? pH
e

FAS anien none 10-50 1.61.8 9457 0.408 1-14
FKS cation none 10-50 1.3-1.4 98-99 0919 1-14
FKS cation polyester 75-130 0.81.2 9899 2.04.5 19
FAS anion polyester 75-130 1.01.4 92.97 2.03.0 12

Memt for Electrodialysis with Bipolar Membranes

FAB anion PEEK 100130 1.01.1 9497 47 1-14
FKB cation PEEK 100-130 1.2-1.3 9899 46 1-14
FBM bipolar PEEK 180200 - - = 1-14
Special Grade Membranes
FAD anion polyester 7580 1.51.7 =85 0.408 19
FKD cation PEEK 75890 1+2-1.4 =54 1.0:1.2 1-14
FAP anian PEEK/PTFE 130160 :?3 =91 1.1-1.3 1-11
FAA-3 anion PEEK 100-130 1.41.6 9456 1.92.5 1-14
FKL cation PEEK 100130 1.01.2 98-59 &10 1-14
FAA-3 anion none 10-50 1.92.1 9295 0207 1-14
FKE cation none 10-50 1.41.5 98-99 0309 1-14
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3. 1 Fumasep #REE X iR

Fumasep AR /% R+ B4 FAS B T FKSFEE FREFE A Z7 /- &, BEFEN R
HENMNHAE FEAEE TE, RIEEE. 8% SR uFHmm R el# TR #F
WIRL R A AR TR, & BB EE . KAKTRASE, &6 X5 N R EFm
EmsEE, EREXAEBELTE (polyester) fEAMEE, ZEFLUT/LMHE S,

3. 1.1 Fumasep FAS-30/50 fH & T &

Fumasep FAS-30/50 & # 2 & &5 1.7 & & 4 5 7 30um o 50um &9 FF B F 2 & i AEM,
EAERRNME., 5Bt ahEk. TENAT: 6B, BB FREMEUNE
W R . FAS-30 915 6648 F 3R 38 A T=25-50°C if pH=1-12; FAS-50 M fE4% & 313 A4«
1=25°C, pH=1-14.

fumasep® FAS-30
membrane type anion exchange membrane
appearance / colour brown, transparent
backing foil PET fail
reinforcement none
counter ion bromide form
delivery form dry
thickness (dry) um 25-35
weight per unit area mgom? 35-44
ion exchange capacity mmolg’ 1.6-2.0

2
area resistance in in CI form ¥ Qcm 0.3-0.6

1
specific conductivity in CI" form 2 mS cm 3-7
selectivity 0.1/ 0.5 mol/kg KCl at T = 25°C " % 92 — 96
uptake in H:0 at T=25°C wt % 15-30
dimensional swelling in HO at T =25 °C % 0-2

- | 3

proton transfer rate © pmol min™ cm 3000 - 4000
Young's modulus at 23 °C /50 % r.h. ” MPa 1200 - 1700
yield strength at 23 °C /50 % r.h. ” MPa 25-40
tensile strength at 23 °C / 50 % r.h. 1 MPa 20-40
elongation at break at 23 °C /50 % r.h. " % 30 - 60
bubble point test in water at T = 25 °C bar 2.5

a)in CI formin 0.5 M NaCl @ T = 25 °C, measured in standard measuring cell (through-plane).

b) determined from membrane potential measurement in a concentration cell.

¢) in Br form, membrane as received stored in water for 24 hrs, reference membrane dried over P05 in vacuo.
d) in Br fofm, membrane as received stored in water for 24 hrs, reference membrane as received.

e) deteffined from pH potential measurement in a concentration cell 0.5 MHCI/ 0.5 MNaCl @ T = 25 °C.

f) determingéd by stress-strain measurement at T = 25°C and 50 % r.h., according to DIN EN 527-1.
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fi ® FAS-50
membrane type anion exchange membrane
appearance / colour brown, transparent
backing foil PET foil
reinforcement none
counter ion bromide form
delivery form dry
thickness (dry) um 45— 55
weight per unit area mg cm”? 6.0-8.5
ion exchange capacity (CI form) mmol g’ 16 -2.0
area resistance in in CI form @ Qem’ 06-15
specific conductivity in CI' form ¥ ms cm'” 3-8
selectivity 0.1/0.5 mol/kg KCl at T =25 °C " % 92-96
uptake in H;0 at T=25°C % wt % 10-25
dimensional swelling in H,O at T =25 °C ¥ % 0-1
proton fransfer rate © pmol min™ cm® 1000 - 3000
Young's modulus at 23 °C /50 % r.h. " MPa 1000 — 1800
yield strength at 23 °C /50 % r.h. " MPa 30-40
tensile strength at 23 °C / 50 % r.h. L MPa 30-40
elongation at break at 23 °C / 50 % r.h. g % 15-60
bubble point test in water at T = 25 °C bar >25
residual solvent / additive content % <15

a)in CI form in 0.5 M NaCl @ T = 25 °C, measured in standard measuring cell (through-plane).

b) determined from membrane potential measurement in a concentration cell

c) in Br form, membrane as received stored in water for 24 hrs, reference membrane tried aver P,0s in vacuo.
d) in Br form, membrane as received stored in water for 24 hrs, reference membran&.as veteived.

e) determined from pH potential measurement in a concentration cell 0.5 M HCI A0.5*NM\NaCl @ T = 25 °C.

f) determined by stress-strain measurement at T = 25°C and 50 % r.h., according to\DIN EN 527-1

3.1.2 Fumasep FAS-PET-75/130 FA & F /&
Fumasep FAS-PET-75/130: iX 2 # 2( £ PET(polyester)5& . # E & 4 5| A 75um #7 130um
WA Fo ik ARM, AR A, Bt en, BeEdEimRExE
RS MFRENE, T B T RSN GE A%, Hafe = 3 5. T=25°C, pH=0-9;

p® FAS-PET-75
membrane type anion exchange membrane
appearance / colour brown
backing foil none
reinforcement PET
counter ion bromide (Br)
delivery form dry
weight per unit area mg cm? 8.0-9.0
thickness (dry) pum 70-80
ion exchange capacity (in CI form) mmol g'* 12-1.4
area resi in in I form ¥ Qem’ 1.2-2.0
specific conductivity in CI' form ¥ mS cm” 45-6.5
selectivity 0.1 /0.5 mol/kg KCl at T = 25 °C % 94 - 97
uptake in H;0 at T=25°C wt % 16— 25
dimensional swelling in H;0 at T =25 °C % 0-2
proton transfer rate © pmol min" em™® 1200 - 1900
Young's modulus at 23 °C / 50 % r.h. " MPa 1600 - 2100
yield strength at 23 °C /50 % r.h. " MPa 25-30
tensile strength at 23 °C /50 % r.h. s MPa 50 - 60
elongation at break at 23 °C /50 % r.h. " % 15— 25
bubble point test in water at T = 25 °C bar >3
pH stability range at 25 °C pH 0-8

a) in CI' form in 0.5 M Nat
b) determined from mer

C, measured in standard measuring cell (through-plane).

ntial measurer n a coficentration cell

¢) in Br form, membran ad stored in water for 24.hr§ ce membrane dried over P;0j in vacuo
d) in Br form, membr received s ed in water for 24 b ence membrane as ed.

e) determined from pH potential measurement in a cofcentration cell 0.1 M HCI/ 0.1 M @T=25°C

f) determined by stress-strain measurement at T =25°Gant 50 % r.h., according to DIN EN 527-1
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fumasep® FAS-PET-130
membrane type anion exchange membrane
appearance / colour brown
backing foil none
reinforcement PET
counter ion bromide (Br’)
delivery form dry
weight per unit area mg cm? 10.5-12.0
thickness (dry) pm 110 — 130
ion exchange capacity (in CI form) mmol g 1.0-1.3
area resistance in in CI form ¥ acm? 1.7-30
-1

specific conductivity in CI form ® mS cm 4-6
selectivity 0.1./0.5 molikg KCl at T = 25 °C ® % 94-97
uptake in H,0 at T=25°C o wt % 13-23
dimensional swelling in H;O atat T =25 °C ) % 0

— -2
proton transfer rate © pmol min” cm 900 — 1500
Young's modulus at 23 °C /50 % r.h. " MPa 1300 — 1900
yield strength at 23 °C /50 % r.h. " MPa 18— 26
tensile strength at 23 °C / 50 % r.h. 9 MPa 55— 80
elongation at break at 23 °C / 50 % r.h. ] % 20-30
bubble point test in water at T = 25 °C bar >3
pH stability range at 25 °C pH 0-8

a) in CI' form in 0.5 M NaCl @ T = 25 °C, measured in standard measuring cell (through-plane).

b) determined from membrane potential measurement in a concentration cell

¢) in Br form, membrane as received stored in water for 24 hrs, reference membrane dried over P>Og in vacuo.
d) in Br form, membrane as received stored in water for 24 hrs, reference membrane as received.

e) determined from pH potential measurement in a concentration cell 0.1 M HGI/ 01 M NaCl @ T =25 °C

f) determined by stress-strain measurement at T = 25°C and 50 % r.h., agéerding«fo DIN EN 527-1.

3. 1.3 Fumasep FKS-30/50 fE & F /&
Fumasep FKS—30/50: iX /& # 2 &k & 7 . 8 & £ 4 5 47 30um Fo 50um #Y FH & F 38 #% & CEM.
EERMKWEE., mafEdhammislt, A EfERETEFEATHFERIE,
FEATRENGE, HBNA%,

fumasep® FKS-30
membrane type cation exchange membrane
appearance / colour slighty brown, transparent
backing foil PET foil
reinforcement none
counter ion H form
delivery form Dry
thickness (dry) pum 21-26
jon exchange capacity (Na' form) meq g’ 143
area resistance in Na” form * Qom? 0.84
specific conductivity in Na* form ms cm’’ 39
selectivity 0.1 / 0.5 mol/kg KCl at T = 25 °C * % 99
uptake in H,0 at T = 25 °C © wt % 22
dimensional swelling in H:O at T = 25 °C ¥ % 0
Young's modulus at 23 °C / 50 % r.h. b MPa 2030 2480
yield strength at 23 °C / 50 % r.h. o MPa 46 - 60
tensile strength at 23 °C / 50 % r.h. © MPa 46 — 66
elongation at break at 23 °C / 50 % r.h. @ % 128 - 190
hydraxyl (OH) transfer rate " e 120-130
weight per unit area mg om? 4.0-4.2
bubble point test in waterat T = 25 °C Bar >3

a) in Na” form in 0.5 M NaCl @ T = 25 °C, measured in standard measuring cell (through-plane)

b) determined from membrane potential measurement in afConcentration cell

c) in H” form, membrane as received stored in water for24, s, reference membrane dried over P.Os in vacuo.
d) in H™ form, membrane as received stored in water for'24 hrs, reference membrane as received

e) determined by stress-strain measurement at T = 25°C and 50 % r.h., according to DIN EN 527-1

f) determined from pH potential measurement ip.awthcentration cell 0.5 M NaOH/ 0.5 M NaCl@ T = 25 °C
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fi © FKS-50
membrane type cation exchange membrane
appearance / colour brown, transparent
backing foil PET foil
reinforcement none
counter ion H form
delivery form dry
thickness (dry) um 45 -55
weight per unit area mg cm? 7.5-83
-1
ion exchange capacity (Na' form) mmol g 1.2-14
2
area resistance in Na" form ? Qom 18-25
g
specific conductivity in Na™ form * mS cm 20 -30
selectivity 0.1/ 0.5 mol/kg KClat T=25°C ” % 97 - 99
uptake inH;0 at T=25°C 2 wt % 10-20
dimerisional swelling in H,0 at T =25 °C * % 0-2
-1 -2
hydroxyl ion transfer rate © pmol min™ cm
Young's modulus at 23 °C /50 % r.h. " MPa
yield strength at 23 °C /50 % r.h. " MPa
tensile strength at 23 °C /50 % r.h. ” MPa
elongation at break at 23 °C /50 % r.h. " %
bubble point test in water at T =25 °C bar >25

a)in Na* form in 0.5 M NaCl @ T =25 °C, measured in standard measuring cell (throdghdplane)
b) determined from membrane potential measurement in a concentration cell.
¢)in H™ form, membrane as received stored in w for 24 hrs, reference membfang dréd over P20s in vacuo
d) in H” form, membrane as received stored in water for 24 hrs, reference membrane as received
e) determined from pH poter measurement in a concentration cell 0.5 MHCI/ 0.5 MNaCl @ T = 25 °C.
f) determined by stress-strain measurement at T = 25°C and 50 % r.h., according to DIN EN 527-1

3.1.4 Fumasep FKS-PET-75/130 FH% F &

Fumasep FKS-PET-75/130: iX 2 P 2 & PET(polyester )5& 1L 8 B F 4 5| 4 75um #7 130um
FUPE® T 204 CEM, BARMM el maER Em ki s, FEFERRETERE
FEAEMFRENE, T B TREMEE . HHh A%, HEafe = 3 5. T=25°C, pH=0-9;

fumasep® FKS-PET-75
membrane type cation exchange membrane
appearance / colour ¥ light creme
backing fail none
reinforcement PET
counter ion H+ form
delivery form dry
thickness um 74 - 87
weight per unit area (dry) mg cm? 8,1-9,1
ion exchange capacity (Na* form) mmol g 1,0-1,25
area resistance in Na* form © 0em? <2,5
selectivity 0.1 / 0.5 mol/kg KClat T =25 °C o % >95
hydroxyl ion transfer rate ® pmol min” cm’® 80 - 350
Young'’s modulus at 23 °C / 50 % r.h. @ MPa > 1000
tensile strength at 23 °C / 50 % r.h. ® MPa > 45
elongation at break at 23 °C / 50 % r.h. o % >12
bubble point test in water at T = 25 °C bar >3

pH stability range at 25 °C pH 0-9

a) the color of the product may vary slightly.
o

dring cell (through-plane).
n cell

5 M NaGH /0.5 M NaC
© r.h., according to DIN EN 52

L] determined by stress-strain measurement at T = 2526 aid §
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fumasep® FKS-PET-130
membrane type cation exchange membrane
appearance / colour light creme
backing foil none
reinforcement PET foil
counter ion H form
delivery form dry
thickness (dry) ym 110-130
weight per unit area mg cm? 8.56-10.5
ion exchange capacity (Na* form) mmol g 0.75-10.85
area resistance in Na' form ® Qem? 26-46
specific conductivity in Na” form ms em’”’ 25-45
selectivity 0.1 /0.5 mol/kg KClat T = 25 °C ” % 96 — 99
uptake inH;0 at T =25 °C o wt % 15-25
dimensional swelling in H,0 at T = 25 °C % % 0-1
hydroxyl ion transfer rate ® umol min” em® 10-30
Young's medulus at 23 °C / 50 % r.h. i MPa 1300 - 1800
yield strength at 23 °C / 50 % r.h. " MPa 20-25
tensile strength at 23 °C / 50 % r.h. 1 MPa 60 - 80
elongation at break at 23 °C /50 % r.h. 0 % 20-40
bubble point test in water at T = 25 °C bar >3

pH stability range at 25 °C pH 0-8
a)in Na' form in 0.5 M NaCl @ T = 25 "C, measured in standard measuring cell (through-plane).

b) determined from membrane potential measurement in a concentration cell

c) in H" form, membrane as received stored in water for 24 hrs, reference prenbrane dried over P,05 in vacuo.
d) in H' form, membrane as received stored in water for 24 hrs, referenge membrane as received.

e) determined from pH potential measurement in a concentration cell 0§ M\HCI /0.5 M NaCl @ T = 25 *C.

f) determined by stress-strain measurement at T = 25°C and 50 % r'h.\ aceording to DIN EN 527-1.

3. 2 Fumasep X% JEFn 35 A7 fiE

Fumasep M #% f& Fo & 3% A7 & (Membranes for Electrodialysis with Bipolar
Membranes) &% A WAk B % AT Wy & - AL 89 % F /£, &4 Fumasep-FAB, Fumasep-FKB
#1 Fumasep-FBM = A2 7, ¥ = FfE B AAH A R 8 EDBM 2 ¥ Fl TH 4 B L =i 5
BAFASEREA NG, B, BN TAEAEGHN—ER%, W TEHAT.

(ation exchange membrane 1,50, NaOH Anion exchange membrane

I |

- + + +

- + + +

= + + +
ol [P 1 ©
Cathode |~ T 2 7 dnode

- + + +
. I I : > S0,

i i

Na, S0, Bipolar Membrane Na, S0,
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3. 2.1 Fumasep FAB-PK-130 [ & Fj&
Fumasep FAB-PK-130 & —# % PK 309 /E & 4 130um B FF B F 544 AEM, B A & i
FHMTHE., SAERE. SRR EEUREREMRETFETHEAER IR, TEATH
SRR RS AT, BENEREE, UTEPME,

fumasep® FAB-PK-130
e type anion
appearance / colour 2 brown, transparent
backing foil none
reinforcement PK
counter ion bromide (Br)
delivery form dry
thickness (dry) pum 110 - 150
ion exchange capacity (in CI form) meq g 08-1.1
area resistance in CI form Qcm? <85
selectivity 0.1 /0.5 molikg KCl at T = 25 *C © % >93
dimensional swelling in H,0 at T= 25 °C ¥ %o 0
proton transfer rate * nmol min"! em? <500
Young's modulus at 23 °C / 50 % r.h. " MPa > 1000
tensile strength at 23 °C / 50 % r.h. MPa 40 - 70
elongation at break at 23 °C /50 % r.h. ? % 10 -30
burst paint test in water at T = 25 °C bar >3

oncentration cell
25°C and 50 % r.h., ac urd nq to DIN EN a)? 1

= m;nsnt a' T

3.2.2 Fumasep FKB PK-130 FE# F B
Fumasep FKB-PK-130 & — 3 £ PK # L #1F B 4 130um #YFH & F 2 # f% CEM, AH & OH
T, Bl BARRIEURERUFRETETHEAFREME., TEATHE
W o AR E L BAT, E T=25CHY B M4t T BEAR T (o 4M KO , EEE N #E AR e, L
THRYXEZMH,

fumasep” FKB-PK-130
membrane type cation exchange membrane
appearance / colour brown
backing foil none
reinforcement PK
counter ion protonic form (H")
delivery form dry
thickness (dry) pm 110 — 140
weight per unit area mg cm” 10-13
ion exchange capacity (as sodium form) meqg’ 0.8-1.0
area resistance in Na“ form ¥ Qcm? 25-50
specific conductivity in Na” form ¥ mScm” 2-8
selectivity 0.1/ 0.5 mol/lkg KCl at T = 25 °C” % 96 - 99
uptake in HO at T=25°C 9 wt % 10 ~30
dimensional swelling in H;0 at T = 25 °C ¥ % D)
hydroxyl transfer rate © pmol min” cm® 5-100
Young's modulus at 23 °C /50 % rh."” MPa 1000 — 2000
yield strength at 23 °C / 50 % r.h. il MPa 15-30
tensile strength at 23 °C /50 % r.h. ? MPa 50 - 80
elongation at break at 23 °C /50 % r.h. " % 20 -50
bubble point test in water at T = 25 °C bar >3

a)in Na" form in 0.5 M NaCl @ T = 25 °C, measured in standard measuring cell (through-plane)

b) determined from membrane potential measurement in a concentration cell

¢) in H" form, membrane as received stored in water for 24 hrd, reference membrane dried over P;05 in vacuo.

d)in H" form, membrane as received stored in water for 24/hrs \reference membrane as received

e) determined from pH potential measurement in a concentration cell 0.5 M NaOH /0.5 M NaCl@ T =25 °C

f)in H" form, membrane as received, determined by siréss-strain measurement at T = 25°C and 50 % r.h., DIN EN 527-1.
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3. 2.3 Fumasep FBM-PK X #% f&

Fumasep FBM-PK WAk e — MNAB FR@EFM —ANEE FREEHR, RAREHE
BhREEFEAFE, IHEABEARBHNUMFREN, HFEPKAMER, EFE TR
#E (AR FfHE FR&E (CEM) ZEWFEEZ, YHFEZ MW EMLEZXELH0.8YV
Bt, AHEAE AR OH Fo ',

Fumasep FBM-PK W% fE 4 & 7 mt FM g E, URE pH BRI AN ELFREZNE, &
SN E A, CEFESNA R P £ R AR, UK — S H s,
HE IR R R

TAE: BEVEAK M, MR, REERTROER, £ ERRAMHBER
R ERE, FEHTHIEE, B RGEEAAE, THIUELT, BAyREIEFRT
e HIAMAL . FE, BEAA (Cl) FETARE,

MEEEM: KFEAR, REBGEXW/EH, £TELLNM T FK. LB RMT
W, MBI EER, RepE AT ER AR f, RABEER, FLABLEHGFFE. DO
B, FERMB., FUBIXNGEE, TNLLERR. 2z, o, pFrogEILP,
e GEEMBETORAAE, RAERGNRR, FEREROAXERETEEAGTE, K
RAEFFE 1 M NaCl B H, HAKEEFHNEZET, I TRKHEWEE, BUERE L
LRV A A VR E A 13wty DAL ER 40 (Na,S0,) B H A&, U#E E AT R, wiEx
W, WFREEMMAEFTTMEN, FHEERNKRAUTREL L.

fumasep® FBM
membrane type bipolar
appearance / colour transparent / brown
backing foil none
reinforcement PK

counter ion Na (CEL layer )/ Cl (AEL layer)
delivery form wet in NaCl solution
thickness (dry) um 130 - 160
weight per unit area (dry) mg cm® 15-17
dimensional swelling H.0 at T = 25 °C * % 0

water splitting voltage at 100 mA cem?? v <1.2

water splitting efficiency at 100 mA cm?® % > 98
maximum operation temperature °C 40

a) reference membrane as received
b) in 0.5 M NaCl solution and 0.25 M Na;SO, electrode rinse solution at 25 °C.

3.3 Fumasep BH &K B

K& Fumasep RA|VZ AR HM LA S FR&ME, H 3+ EH FAD, FKD. FAP, FAA-3.
FAA-3-PK. FKL. FKE £4 %7,

3. 3.1 Fumasep FAD-55/PET-75 FA & Fji&

Fumasep-FAD [A® FR&%EE —MHEEALEMWRA FRASE FEHER, XEARENW
SRBRETRENENERS X —RUEERERELAATET HEMI L FPEKRKE HBRAALE
RKEHMI. GRIEHERRK, RIE L LU, AXAFET B EIL 5% B HiRf 5
ik 80%EN AR, FREAFEE, NMF AR I EREALEHRFANE &,

Fumasep-FAD-55/PET-75 & # 2 [A % F 304 i, H + Fumasep-FAD-55 &£ PET fmi&,
JZ & % 55um, Fumasep-FAD-PET-75 % PET jni&, /& % 75um, W E FHEH LA KB,
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BREGE, AR, REFRET

BmUFREMN, FRABREE, UTEYWE.

fumasep®

FAD-PET-75

membrane type

anion exchange membrane

appearance / colour light-brown
backing foil none
reinforcement PET

counter ion chloride form (CI')
delivery form wet
thickness (dry) pm 60— 80
weight per unit area mg cm* 7.0-85
ion exchange capacity (as chloride form) meqg’ 20-23
area resistance in CI form ¥ Qom? 0.25 - 0.50
specific conductivity in CI form ° mS om” 15-25
selectivity 0.1/ 0.5 moltkg KCl at T= 25 °C " % 91-95
uptake in H:0 at T=25°C © wt % 20 - 30
dimensional swelling in H:O atat T=25°C? % 0-2
proton (H') transfer rate © pmol min” om’* 2000 - 5000
Young's modulus at 23 °C /50 % r.h."” MPa 1200 - 2000
yield strength at 23 °C /50 % r.h. " MPa 15 ~25
tensile strength at 23 °C /50 % r.h. " MPa 40-70
elongation at break at 23 °C /50 % r.h. ” % 15 - 50
bar >3

bubble point test in water at T =25 °C

a) in CI form in 0.5 M NaCl @ T = 25 °C, measured in standard measuring cell (through-plane).
b) determined from membrane potential measurement in a concentration cell.

c¢) reference membrane dried over P05 in vacuo.

d) reference membrane as received.

e) determined from pH potential measurement in a concentration cell 0.5 M HCI/ 0.5 MNaCl @ T = 25 °C.
f) determined by stress-strain measurement at T = 25°C and 50 % r.h., according to DIN EN 527-1.

fumasep® unit FAD-55
membrane type anion exchange membrane
appearance 2 brown, transparent
backing foil none
reinforcement none
counter ion bromide (Br)
delivery form dry
additive PEG
thickness (dry) pgm 50 - 60
weight per unit area (dry) gm? 70-90

area resistance in CI form ¥ Qcm? <1.0
selectivity 0.1/ 0.5 mollkg KClat T=25°C¢ % > 87
dimensional swelling in H,0 at T=25°C @ % <6
Young’s modulus at 23 °C /50 % r.h. © MPa > 800
tensile strength at 23 °C / 50 % r.h. © MPa >'15
elongation at break at 23 °C /50 % r.h. @ % >20
proton transfer rate ? nmol min™ cm? > 3000
burst test in water at T = 25 °C bar >3

pH stability range at 25 °C pH 0-8
operational temperature range e 15-40
Version 9 2.2 Valid from April 18" 2021
a) the color of the product may vary slightly.

b) in CIform in 0.5 M NaCl @ T = 25 “C, measured in standard measuring cell (through-plane).

c) determined from membrane potential measurement in a concentration cell.

d) membrane as received versus stored in water for 24 hrs.

e) determined by stress-strain measurement at T = 25 *C and 50 % £.h.\g@ccording to DIN EN 527-1 (without pretreatment)
f) determined from pH potential measurement in a concentration cellQ=5,M*HCI /0.5 MNaCl@ T=25°C

g) Changes without prior notices may apply.
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3. 3.2 Fumasep FKD-PK-75 fEH & F /&

Fumasep FKD-PK-75 & —# % PEEK (PK) &k, FE N 75um BOFHSE TR, TR K
4, TEATH T #EM R EY, REF T TEOLE, FTLLERE L 95%H #E & B8R
Ao iA SO%EYH, FEEBAFIEF, NTFEH M I EAAENFHLE S,

fumasep® FKD-PK-75
membrane type cation exchange membrane
appearance / colour brown, transparent
backing foil none
reinforcement PEEK (PK)
counter ion sodium form (Na+)
delivery form wet (2 wt% NaCl solution)
thickness (dry) pm 70-80
weight per unit area mg cm? 9-10

ion exchange capacity (Na* form) mmol g’ 1.4-16
area resistance in Na' form Qcm® 16} 20
specific conductivity in Na* form ® mS em’’ 4-5
selectivity 0.1 /0.5 mol/kg KClat T =25°C " % 96 - 99
uptake in H,0 at T = 25 °C © wt % 20 -30
dimensional swelling in H,O at T = 25 °C @ % 0-1
hydroxyl ion transfer rate umel min " cm*® 300 — 600
Young's modulus at 23 °C /50 % r.h. " MPa 2000 - 2500
yield strength at 23 °C /50 % r.h. " MPa 30 -40
tensile strength at 23 °C /50 % r.h. " MPa >50
elongation at break at 23 °C / 50 % r.h. " % >15
bubble point test in water at T = 25 °C bar >25
residual solvent / additive content % <3

a)in Na formin 0.5 M NaCl @ T = 25 °C, measured imstandard measuring cell (through-plane).

) T
c)in H* form, membrane as received stored in waterfor 24 hrs, reference membrane dried over P,Os in vacuo
}in H form, membrane as received stored in water for 24 hrs, reference membrane as received

)

f) determined by stress-strain measurement at T = 25°C and 50 % r.h., according to DIN EN 527-1.

3.3.3 Fumasep FAP-450/FAPQ-330 [ & T f&

Fumasep PAP P % FHERE — M A E FR %, CLATRTHER, ZEFZEAT
EREAMFANBEEN. REREHA BN REE NS S ZEREEENNA . H FAP-450
#1 FAPQ-330 i # .

Fumasep FAP-450: X & — 2k /& & 5 50um &9 &AL A & F B AEM, B g @K, 48 F
WL IREE /98, ARAETRANGER L. TERTANTERR M, 0K A AR KE
EFHHA AT BRI EN (VRB) , EMaRERE: TE, BRENRE pI<4; LFEF
pH>6 BT E® FHESEMK, ERMEFRE (pI>11) F R, HEANEHEE.

Fumasep FAPQ-330: X 2 — 2 B & 4 30um e 4 8L B T ARM, EF &K, 54
R EN, MAMMBEBRERTEERE. TEATEREAREaBEEERAENH
BB e g, Y AR IE: 25-50°C; B pH A IRIE, ERMEIRE (pH
>9) FAME, HEREHMN, EEHE (TEREPETE) FiEkh,
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fumasep® FAP-450
membrane type anion exchange membrane
appearance / colour transparent
backing foil PET foil on one side
reinforcement none
counter ion none
delivery form dry
thickness (dry) pm 45-55
weight per unit area mg cm™ 75-85
area resistance in 0.5 M H,S0, ¥ Qem’ 0.45 - 0.60
conductivity in 0.5 M H.S0, ¥ mS om’”! 9-12
selectivity 0.1 / 0.5 mol/kg KCl at T = 25 °C * % 90- 96
uptake in2M H.SO, at T=25°C® wt % 15-25
ional swelling in 2 M H,80, at T = 25 °C @ % 10-12
uptake in vanadyl sulfate at T =25°C % wt % 12-18
di ional swelling in vanadyl sulfate at T =25°C? % 10-12
proton transfer rate © ymol min" em™ 2500 - 4500
Young's modulus at 23 °C / 50 % r.h. ? MPa 900 - 1200
yield strength at 23 °C /50 % r.h. " MPa 24-30
tensile strength at 23 °C / 50 % r.h. b MPa 40 - 60
elongation at break at 23 °C /50 % r.h."” % > 250
bubble point test in water at T = 25 °C bar >4

e Il (through-plane)
ement in a concentration cell

etermined from pH potential measurement in a concentration cell 0.1 M HCI /0.1 M NaCl
f) determined by siress-strain measurement al T = 25°C and 50 % r.h., according to DIN B}y

fi p® FAPQ-330
membrane type anion exchange membrane
appearance / colour slightly opaque
backing foil PET
reinforcement None
counter ion chloride / methylsulfate
delivery form dry
thickness (dry) pm 25-35
weight per unit area mg cm’ 4.0-5.0
area resistance in 0.5 M HzS0s ¥ Qem? <0.35
selectivity 0.1 /0.5 mol/kg KCl at T = 25 °C® % > 85
dimerisional swelling in 2 M HzSOs at T =25 °C 9 % <8
proton transfer rate A pmol min” em? > 5.500
Young's modulus at 23 °C /50 % r.h. © MPa 600 — 1200
yield strength at 23 °C / 50 % r.h. © MPa 20-35
tensile strength at 23 °C / 50 % r.h. @ MPa 20-45
elongation at break at 23 °C / 50 % r.h. % 150 — 250
burst test in water at T = 25 °C bar >3
a) in specific solutions @ T = 25 °C, measured in two-electrode cell (through-plane)
b) determined from membrane potential measurement in a concentration cell

c) reference membrane as received
d) determined from pH potential measurement in a concentration cell 0.5 M HCI / 0.5 M NaCl @ T = 254€
e) determined by stress-strain measurement at T = 25°C and 50 % r.h., according to DIN EN 527-1

3.3.4 Fumasep FAA-3 [HE FjiE
Fumasep FAA-3 A% FHERZ —Ff R THRENMWRET E TR ENHSE FR@fE, BaF
FAA-3-20, FAA-3-30, FAA-3-PE-30. FAA-3-50. FAA-3-PK-75. FAA-3-PK-130 <# & &,
Fumasep FAA-3-20: X & — X B /£ 4 20um H9 [ B F 2 # B ABM, 72 B2 M Fo m M 31 4 34
AEREEl. madEk. sRERER L. TEATLAAMHA KA MK E =R
B, MEEFA T IR, pH=1-12, B E=25-50C. ME N EEEH, RAKE Lzl (X
—HZHW REELEF, REDEMTHETUEH, D
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fumasep® FAA-3-20
membrane type anion exchange membrane
appearance / colour transparent / light brown
backing foil PET
reinforcement none
thickness (dry) Hum 18-22

ion exchange capacity mmol g 1.65—1,85

area resistance in in CI form ¥ Qom? <20

specific conductivity in CI" form ¥ mS cm” >5

selectivity 0.1 /0.5 mol/kg KClat T = 25 °C o % > 90

uptake in H,O at T = 25 °C © wt % 7
dimensional swelling in H.0 atat T=25°C% % <2

a) in Clformin 0.5 M NaCl @ T = 25 “C, measured in standard measuring cell (through-plane).

b) determined from membrane potential measurement in a concentration cell

c) in Br form, membrane as received stored in water for 24 hrs, reference membrane dried over P;Os in vacuo.
d) in Br form, membrane as received stored in water for 24 hrs, reference membrane as received.

Fumasep FAA-3-30: X 2 — 22 B A 26-34um WA B T X # & AEM, 7EBR M+ fudd tE 3135
R EARE, SRR E. aRETRERE. TEATAHANANKTERS NEHAZENLE
R MR I IE: pH=1-12, B E=25-50C, B HEREE, LERE LiTH,

fumasep® unit FAA-3-30
membrane type anion exchange membrane
appearance brown, transparent
backing foil PET
reinforcement none

thickness (dry) pum 26-34

ion exchange capacity mmal g 167-204

area resistance in in CI' form @ Q cm? <20

specific conductivity in CI- form mScm” >5

selectivity 0.1/ 0.5 mol’lkg KClat T=25°C "™ % > 90

uptake inH,0 at T=25°C % wt % <19
dimensional swelling in H,0at T=25°C % <2

Version " 21 Valid from August 20" 2020
a) in CI form in 0.5 M NaCl @ T = 25 °C, measured in stdndard measuring cell (through-plane)

b) determined from membr otential measurement inja cencentration cell

c}in Br form, membrane as received stored in waier for 24’hrs, reference membrane dried over P20s in vacuo
d) in Br form, membrane as received stored in Watet for 24 hrs, reference membrane as received
f) Changes without prior notices may apply

Fumasep FAA-3-PE-30: X & — 3 2 PE {669 F A 30um &9 FF % 5 2 # f% AEM, (R = [E
BHER, sREME. TEATANANTRRLFHA & B F & &IE (Organic
Redox-Flow applications or organometallic charged bearer) &N HAZ &%, & &4t
% (LeREPET &) L, (X—BSEW RBELE", RELPEPMRTHETL
)
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fumasep' FAA-3-PE-30
type anion exchanga
appearance / colour brown, slightly opague
backing foil PET foil
reinforcement PE
counter ion bromide form
delivery form dry
thickness (dry) um 20-30
weight per unit area mg om? 2.0-28
ion exchange capacity (CI form) mmol g’ 14 -18
arearesi inin CI form ® Qcm' 08-13
specific conductivity in CI' form ® mS em'”’ 1.5-20
selectivity 0.1 /0.5 mol/kg KCl at T = 25 °C ™ % 94 - 98
uptake inH,0at T=25°C* wt % 15-20
dimensional swelling in H:0 atat T =26°C ¥ % 0-1
proton transfer rate © pmol min” em’* 1000 - 2000
Young's modulus at 23 °C /50 % r.h.” MPa 1000 - 1500
yield strength at 23 °C/ 50 % r.h. " MPa 30-40
tensile strength at 23 °C / 50 % r.h." MPa 40 - 50
elongation at break at 23 °C /50 % r.h. " % 30- 50
bubble point test in water at T = 25 °C bar >3

ed o 28 rmcaived
ne uﬂom \Hpule Wtial measurement in a X 05MNaCil@T=25"C
ned by siress-strain measurement at T = 2 h., acc to DIN EN §27-1

Fumasep FAA-3-50:1X 2 — K KL BmAHE E A 50um B9 FF B F 3 % fE ARM, 75 8L 14 F 58
WHEFEARKEN, &8 E. gRhEk, TEATEFEROAEHAEE FREEN -
WERNF. HEEFEEE, EEHE (CERMEPETE) Lk,

* FAA-3-50
membrane type anion
/ colour brown,
backing foil PET foil
it none
counter ion bromide form
delivery form dry
hickness (dry) ym 45-55
weight per unit area mg cm™ 6.0-8.5
ion exchange capacity (CI form) mmol g 16 -2.1
area resistance in in CI form * Qcm’ 06-1.5
specific conductivity in CT form mS cm’! 3-8
selectivity 0.1/ 0.5 molkgKCl at T=25°C" % 92 - 96
uptake in H,0 at T=25°C“ wt % 10-25
dimensional swelling in H,0 at T = 25 °C ¥ % 0-2
proton transfer rate * pmol min”* cm® 1000 - 3000
Young's modulus at 23 °C / 50 % r.h." MPa 1000 — 1800
yiald strength at 23 °C /50 % r.h. " MPa 25-40
tensile strength at 23 °C / 50 % r.h. " MPa 25- 40
at break at 23 °C /50 % r.h. % 15 - 60
bubble point test in water at T = 25 °C bar >25
stability range at T = 25 °C pH 0-14
residual solvent / additive content % <15

Fumasep FAA-3-PK-75: X & — # % PK B HY B Z 4 Toum By FA & F 5 # £ AEM, £ B2 1%
fFRETET EFREE. aEr. gRhE. TEATEMRES 7. w5k, BE
KF 50°C, pH=9-12 MR MEAEME, BAKMUREME, FEIVELEEHE, E5HE (L
& N4 PET %) iz,
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fumasep” FAA-3-PK-75
membrane type anion exchange membrane

/ colour brown
backing foil none
reir PK
counter ion bromide (Br’)
delivery form dry
weight per unit area mg cm™ 7.0-9.0
thickness (dry) pm 70 - 80
ion exchange capacity (in CI form) mmol g 12-1.4
area e in in CI form ¥ Qem? 1.2-2.0
specific conductivity in CI' form ® ms em”' 45-65
selectivity 0.1/ 0.5 mol/kg KCl at T = 25 °C ¥ % 94 - 97
uptakeé inH,0 at T =25 °C © wt % 10-20
dimensional swelling in H20 at T =25 °C % % 0-2
proton transfer rate © pmol min™* cm™® 500 — 1500
Young's modulus at 23 “C /50 % r.h. " MPa 1200 - 2300
yield strength at 23 °C / 50 % r.h. 9 MPa 20-40
tensile strength at 23 °C / 50 % r.h. * MPa 30-60
elongation at break at 23 °C /50 % r.h. " % 10-30
bubble point test in water at T = 25 °C bar >2
pH stability range at 25 °C pH 0-14
a)in CI form in 0.5 N 25 “C, measured in standard measuring cell (through-plane).

ial measurement in a concentration
ater for 24 hrs, reference membrane dried over P:Os in vacuo.
ence membrane as rect

e) determined from pH potential m cell 0.1 MHCI/0.1 MNaCl @ T = 25°C
) determined by siress-strain meas = 25°C and 50 % r.h., according to DIN EN 527-1

Fumasep FAA-3-PK-130: X & —# %

PK 58 1L 8 B & A 130um B FH & F 2 # BE ARM, B &

BRTIEATRE . Mg, BARRENE, UAAREMBETETHEAFREE, £
EATAREAAMNFRMEAANTIRENBEMA BB RAEXNA . R ETELHE:

pH=1-14; & Z=25-50"C. ¥ % # i

W, EHE Lz,

fi p® FAA-3-PK-130
membrane type anion exchange membrane
appearance brown
backing foil none
reinforcement PK
counter ion bromide (Br’)
delivery form dry
(dry) um 110 - 130
weight per unit area mg em? 10-13
ion exchange capacity (in CI form) meqg” 1.1-14
area fesistance in CI form ¥ Qcm? 1.8-4.0
specific conductivity in CI' form mS em’! 4.0-8.0
selectivity 0.1/ 0.5 mol/kg KClat T =25 °C" % 93-98
uptake in H.0 at T=25°C wt % 10-25
dimensional swelling in HO at T = 25 °C ¥ % 0-2
proton transfer rate © pmol min" cm? 800 — 2500
Young's modulus at 23 °C /50 % r.h." MPa 1000 - 1800
yield strength at 23 °C / 50 % r.h. ' MPa 20-30
tensile strength at 23 °C / 50 % r.h. o MPa 40 - 80
elongation at break at 23 °C / 50 % r.h. 5 % 15 —40
bubble point test in water at T = 25 °C bar >3
pH stability range at 25 °C pH 0-14

a) in CI form in 0.5 M NaCl @ T = 25 °C, measured in standard measuring cell (through-plane)

b) determined from membrane potential measurement in a concentratioff cell

c) in Br form, membrane as received stored in water for 24 hrs, referéhce membrane dried over P;0s in vacuo
d) in Br form, membrane as received stored in water for 24 hrs, referengs.Membrane as received

e) determined from pH potential measurement in a concentratioffielt 051" M HCI / 0.1 M NaCl
f) determined by stress-strain measurement at T = 25°C and 50 % hb., according to DIN EN

3. 3.5 Fumasep FKL-PK-130 FH & FjiE

°C.

Fumasep FKL FH & T Z2 — BT HES MK ER O E F X%, A Fumasep
FKL-PK-130 —# & &, X2 —Z%Z PK &k, EE X 130un IHE FR#EE, EEmEEH

4 2



ThEEM B E S Functional Materials Expert

WreE 7, M BEE, BARREIN, EREMBEFETHEMFREE. TEH T RS
BWBER . REN MR E ST, ERAREEEE: £ T=25CH B4t TR

a

. p® FKL-PK-130
membrane type cation exchange membrane
appearance / coluor brown
backing foil none
reinforcement PK
counter ion protonic form (H")
delivery form dry
thickness (dry) um 110 - 140
weight per unit area mg cm’ 10-13
i6n exchange capacity meq g’ 0.6-08
area resistance in Na” form * Qcm’® 3-10
specific conductivity in Na* form ® mS em’” 1-4

0.1/0.5mol/kg KClat T =25°C " % 96 — 99
Uptake in H;0 at T = 25 °C wt % 10-25
dimensional swelling in H.O at T=25°C? % 0-2
hydroxyl (OH) transfer rate umol min™! cm® 5 - 50
Young's modulus at 23 °C /50 % r.h. " MPa 1000 — 2000
yield strength at 23 °C /50 % r.h.” MPa 20-30
tensile strength at 23 °C / 50 % r.h. " MPa 50 - 80

I jon at break at 23 °C /50 % r.h. " % 20-50
bubble point test in water at T = 25 °C bar >3

a)in Na’ form in 0.5 M NaCl @ T = 25 °C, measured in standard measuring cell {through-plane)

b) determined from membrane potential measurement in a concentration cell
¢) in H" form, membrane as res
d) in H" form, membrane as received stored in water for 2
e) determined from pH potential measurement in a ¢
f) in H™ form, membrane as received, determined by stre

3.3.6 Fumasep FKE-50 FHE& FJi&

stored in water for 24 hrs, reference membgrang’dried over P;Os in vacuo.

hrs, referencg/membrane as received.

ion cell 0.5\WMNaOH /0.5 M NaCl@ T =25°C

s-strain measurefent at T = 25°C and 50 % r.h., DIN EN 527-1

Fumasep FKE /& —## 2 A & 6 % W 09 % (08 T X% fEA i 7 %48, H Fumasep FKE-50
—MAEZ, KE-FKREEMN, FEH 50un BFHE FRBME, £ pH REMBET G+ AR
I, mtEEEfmmREk. TXZNHTHE. RN EETET 4.

* FKE-50
membrane type cation
appearance / colour brown, transparent
backing foil PET foil
none
counter ion H form
delivery form dry
(dry) pm 45-55
weight per unit area mg cm* 75-85
jon exch capacity (Na® form) mmol g’ 1.4-15
area resi in Na' form Qcm’ 1.5-23
gl
specific conductivity in Na' form ¥ mS om 25-35
0.1/0.5mollkgKClat T=25°C" % 97 -99
uptake in HO at T=25°C° wi % 15-35
dimensional swelling in H,0 at T =25 °C ¥ % 0-2
hydroxyl ion transfer rate * umol min”" em® 200 -500
Young's modulus at 23 °C /50 % r.h. " MPa 1500 —2500
yield strength at 23 °C /50 % r.h. " MPa 40 - 60
tensile strength at 23 °C /50 % r.h. " MPa 50 - 80
at break at 23 °C /50 % r.h. " % 50 - 250
bubble point test in water at T bar >25

tandard measuringrcéitdiktaugh-plane).
a concentration égll

ztermined from mem
c) in H' form, membrane a
H’ form, membrane as r
stermined from pH potential measurement in a concentration cell 0.5 M
f) determined by stress-strain measurement at T = 25°C and 50 % r.h., accordir

3.4 Fumasep H.A#% F &AL JE

r for 24 hrs, reference membrane as received.

to DIN EN 527-1

24 rs, reference méqbrane dried over P;Os in vacuo.

MNaCl@ T =25"°C.
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Fumasep-F & & F i & 5 T 2 A B8 /PTFE WA S T, BRI R HFRE EM
BTesl, TEATEM. XEBEFRRaME, HEARGHAREEMAFRE .,
H-FTHEAREFRARN P RAR AT KM EF, £EF Funasep-FS-830 .
Fumasep—FS-930 . Fumasep—-FS-950 . Fumasep—-FS-990-PK . Fumasep—F-930-RFD .
Fumasep-F-1850 . Fumasep-F-10120 .  TFumasep-F-10120-PK . Fumasep-E-620(K) .
Fumasep-E-620-PE(K) +# & &, ( H &l Fumasep-E-620 (K) . Fumasep-E-620-PE (K) iX 7 4>
AETREZE”, Rt EHARTHER, )

3. 4.1 Fumasep-FS—-830 FH & T &

i * FS-830
type cation exch membrane
/ colour
backing foil PET
none
counter ion H" form
delivery form Dry
thickness (dry) pm 26-32
weight per unit area gom* 58-7,0
area resi in 0.5 M HzS0. Qom’ <0,11
area resistance in 0.25 M VOSO ¥ Q cm’ <026
area resi in 0.25 M (VO);S0, ¥ Qom’ <015
ity 0.1 /0.5 molikg KCl at T = 25 °C * % >98
uptake in 2MHz80, at T=25°C“ wt % <12
ional swelling in 2M H;SOs at T = 25 °C a9 % <15
uptake in vanadyl sulfate at T =25°C® wt % <5
al swelling in vanadyl sulfate at T =25°C % % <4
Young's modulus at 23 °C / 50 % r.h. @ MPa 260 - 320
yield strength at 23 °C / 50 % r.h. ¥ MPa 19-27
tensile strength at 23 °C /50 % r.h. ® MPa 38-50
elongation at break at 23 °C / 50 % rh. % 90 — 150
bubble point test in water at T = 25 °C bar >3
proton transfer rate " pmol min" cm™® > 10.000
a) measured in two-electrode cell (through-planeyf’T = 2§ °C.

b) determined from membrane potentia
c) reference brane dried over P;
d) reference membrane as received
&) determined by stress-strain measurpment\all = 25°C and 50 % r.h., according to DIN EN 527-1

easureng@nin a concentration cell.
vague:

f) determined from pH potential megsurament in a concentration cell 0.5 M HCI/ 0.5 MNaCl @ T =25 “C.

3. 4.2 Fumasep-FS—-930 FH& F &
fumasep® unit FS-830
membrane type cation exchange membrane
appearance / color transparent
backing foil PET
reinforcement none
counter ion H* form
delivery form dry
thickness (dry) pm 26-34
weight per unit area mg em? 56-73
area resistance in 0.5 M H;S0, ® Qem? <0.1
conductivity in 0.5 M H;S0, ¥ mSem* >33
selectivity 0.1/ 0.5 molikg KCl at T=25°C " % >99
uptake in 2 M H;S0,at T=25°C* wt % <18
dimensional swelling in 2 M H,SO, at T = 25 °C 9 % <11
uptake in vanadyl sulfate at T = 25 °C® wt % <6
dimensional swelling in vanadyl sulfate at T = 25 °C* % <6
Young's modulus at 23 °C /50 % r.h, MPa 200
yield strength at 23 °C / 50 % r.h. ® MPa >10
tensile strength at 23 °C /50 % r.h. @ MPa >25
elongation at break at 23 °C /50 % r.h. @ % > 140
proton transfer rate " nenol min" cm? > 28000
Version @ 24 Valid from August 207 2020

a)in 0.5 M H:80. solution @ T = 25 °C, measured in two-electrode cell (through-plane), sample activated in 10 % H:SO4, T = 100 °C, 30 min.
before measurement
b) from potential ina cell, sample activated in 10 % HzSO., T =100 °C. 30 min. before

¢) reference membrane dried over PzOs in vacuo

d) reference membrane as received, sample activated in 10 % HiSO4, T = 100 °C, 30 min. before measurement
&) determined by entat T = 25 *C and S0W r.h.. accon DIN EN 5§27-1, sample activated in 10 % HaSO04, T = 100 °C
30w !

) d

n a congengrhfjonpell 0.5 M HC1/ 0.5 M NaCl @

4 4
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3. 4. 3 Fumasep-FS-950 fH & F &

fumasep®

FS-950

membrane type

cation exchange membrane

app ce / colour transparent
backing foil PET
reinforcement none
counter ion H' form
delivery form Dry
thickness (dry) pm 45 -55
weight per unit area [e] cm? 8,2-9,2
area resistance in 0.5 M H;S0, * Qcm’ <0,
area resistarice in 0.25 M VOSO, *) Qem? <03
area resistance in 0.25 M (VO),S0, * Qcm’ <0,15
selectivity 0.1 / 0.5 mol/kg KCl at T = 25 °C ¥ % > 98
uptake in 2 MH,SOs at T=25°C wt % <8
dimensional swelling in 2 M HzSO4 at T = 25 °C i % <6
uptake in vanadyl sulfate at T =25°C © wt % <5
dimensional swelling in vanadyl sulfate at T =25°C % <4
Young's modulus at 23 °C / 50 % r.h. ® MPa 270 - 340
yield strength at 23 °C / 50 % r.h. @ MPa 19'-28
tensile strength at 23 °C /50 % r.h. © MPa 36 -50
elongation at break at 23 °C / 50 % r.h. ® % 90 - 150
bubble point test in water at T = 25 °C bar >3
proton transfer rate ” pmol min”' cm? > 8000

a) measured in two-electrode cell (through-plane), T =25 °C.

b) determined from membrane potential measurement in a concentration cell

c) reference membrane dried over P;Os in vacuo
d) reference membrane as received

e) determined by stress-strain measurement at T = 25°C and 50 r.h

according to DIN EN 527-1

f) determined from pH potential measurement in a concentrafion eall 0.5 MHCI/ 0.5 MNaCI@ T=25°C

3. 4. 4 Fumasep-FS-990-PK FE & F &

fumasep® FS-990-PK
membrane type cation exchange membrane
app ce ” slightly brownish
backing foil PET
reinforcement PK
counter ion H form
delivery form dry
thickness um 85— 105
weight per unit area mg cm’® 13-17
Dimensional swelling X-Y % <2

IEC meq.g”' 1,1-1,25
In-plane conductivity @ 25 °C mS.cm”’ > 60
Through-plane conductivity @ 25°C mOhm.cm? <300
Young's modulus at 23 °C / 50 % r.h.” MPa 500 - 1000
tensile strength at 23 °C / 50 % r.h. © MPa 30-60
elongation at break at 23 °C / 50 % r.h. © % >20

burst test in water at T = 25 °C bar >3

a) the color of the product may vary siightly.

b) and c) determined by stress-strain measurement at T = 25°C and 50 r.h., according to DIN EN 527-1

3. 4.5 Fumasep-F-930-RFD fH & FJE
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fumasep® F-930-RFD
membrane type cation exchange membrane
appearance / colour transparent / slightly opaque
backing foil PET
reinforcement yes
counter ion H* form
delivery form Dry
thickness (dry) um 28 - 35
weight per unit area gcm®? 59-77
area resistance in 0.5 M H;SO: * 0 cm <021
area resistance in 0.25 M VOSO4 * Qem? <03
area resistance in 0.25 M (V0),S04 * acem? <06
selectivity 0.1 / 0.5 molikg KCl at T = 25 °C * % >97
uptake in 2 M H,S04 at T =25°C © wt % <8
dimensional swelling in 2 M HzSO04 at T =25 °C % <6
uptake in vanadyl sulfate at T =25°C 9 wt % <6
dimensional swelling in vanadyl sulfate at T =25°C % % <4
Young's modulus at 23 °C / 50 % r.h. o MPa 290 - 340
yield strength at 23 °C / 50 % r.h, ® MPa -
tensile strength at 23 °C / 50 % r.h. @ MPa 37-48
elongation at break at 23 °C /50 % r.h. % 80— 150
bubble point test in water at T = 25 °C bar >3
proton transfer rate " pmol min” em™ > 7.500

a) measured in two-electrode cell (through-plane), T =25 °C.

b) determined from membrane potential measurement in a concenfation tell

c) reference membrane dried over P;O; in vacuo.

d) reference membrane as received

e) determined by stress-strain measurement at T = 25°C and 50 % r.h., according to DIN EN 527-1

f) determined from pH potential measurement in a concentration cell 0.5 MHCI/0.5 MNaCI@ T=25°C

3. 4.6 Fumasep-F-1850 FH & F %

fumasep® F-1850

membrane type cation exchange membrane

appearance / colour transparent, colourless

backing foil PET (white)

reinforcement none

thickness (dry) pm 45 - 50

weight per unit area mg cm? 9,9-10.9

area resistance in 0.5 M H2S0: * Qem’ <0.3

conductivity in 0.5 M H,S0, ¥ mS em'” 17.8

selectivity 0.1 /0.5 mol/kg KCl at T = 25 °C ” % >99

uptake in 2 M H;SO4 at T =25 °C ° wt % 6
dimensional swellingin 2 M H2SO4 at T =25 °C ¥ % 4

uptake in vanadyl sulfate at T =25°C © wt % 3
dimensional swelling in vanadyl sulfate at T =25°C? % 4

Young's modulus at 23 °C / 50 % r.h. @ MPa >230

yield strength at 23 °C / 50 % r.h. MPa §-12

tensile strength at 23 °C / 50 % r.h. @ MPa 24-30
elongation at break at 23 °C /50 % r.h. © % 360 -390

a) in 0.5 M H;SO, solution @ T = 25 °C, measured in two-electrode cell (through-plane), sample activated in 10 % H;SO,, T =
100 °C, 30 min. before measurement.

b) determined from membrane potential measurement in a concentration cell, sample activated in 10 % H;SO,4, T = 100 °C, 30
min. before measurement.

c) reference membrane dried over P;Os in vacuo.

d) ref ce membrane activated in 10 % H,SOs, T = 100 °C, 30 min. before measurement.

e) determined by stress-strain measurement at T = 25°C and 50 % r.h., according to DIN EN 527-1, sample activated in 10 %
HzSO4, T =100 °C, 30 min. before measurement.

3. 4.7 Fumasep-F-10120-PK FH & Fj&
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fumasep® F-10120-PK
membrane type cation exchange membrane
appearance / colour transparent, colourless
backing foil PET foil
reinforcement PK
counter ion H-form
delivery form dry (non-activated)
Lot No M28571505
thickness (dry, as received) um 120 - 135
weight per unit area mg cm? 25

IEC (ion exchange capacity) meqg’ 0.79

area resistance in 0.5 M H;S0, ” Qom’ 033
conductivity in 0.5 M HS04 ¥ ms em” 54.4

area resistance in 0.5 M H,SO4 and 0.4 M VOSO. ? Qom? 0.98
conductivity in 0.5 M HzS0, and 0.4 M VOSO, @ ms cm’! 18.1
selectivity 0.1 / 0.5 mol/kg KCl at T = 25 °C % 95

uptake in 2 M H,SO4 at T =25 °C ¥ wt % 13
dimensional swelling in 2 M H,SOs at T=25°C? % 4

uptake in vanadyl sulfate at T =25°C % wt % 10
dimensional swelling in vanadyl sulfate at T =25°C? % 2
Young's modulus at 23 °C / 50 % r.h. ¥ MPa 660 — 830
yield strength at 23 °C / 50 % r.h. ® MPa ’

tensile strength at 23 °C /50 % r.h. © MPa 35-36
elongation at break at 23 °C / 50 % r.h. © %y 38-42
bubble point test in water at T = 25 °C bar >3

a) measured in two-electrode cell (through-plane), sample activated in 10 % HzSO., T = 100 °C, 30 min before measurement.
b) determined from membrane potential measurement in a concentration cell sample activated in 10 % H,SO., T = 100 °C, 30
min before measurement.

c) reference membrane dried over P,Os, sample activated in 10 % H;S0,, T = 100 °C, 30 min before measurement..

d) reference membrane stored in solution for 24 hrs, sample activated in 10 % H.S0O4, T = 100 “C, 30 min before measurement.
e) determined by stress-strain measurement at T = 25°C and 50 % r.h., according to DIN EN 527-1

measurement.

3. 4.8 Fumasep-F-10120 FH % F &
fumasep® F-10120
membrane type cation exchange membrane
appearance / colour transparent, colourless
backing foil PET foil
reinforcement none
counter ion H-form
delivery form dry
weight per unit area mg cm-2 2.4
thickness (dry, as received) pm 114 - 124
IEC (ion exchange capacity) meqg’ 0.88-0.91
area resistance in 0.5 M NaCl ® Qom’ 0.79
conductivity in 0.5M NaCl * ms om’! 14.3
selectivity 0.1 /0.5 mol/kg KCl at T = 25 °C? % 93 - 94
uptake in Hz0 at T = 25 °C in H-form L wt % 24
dimensional swelling in HO at T = 25 °C in H-form ¥ % 1314
Young's modulus at 23 °C /50 % r.h. © MPa 205-218
yield strength at 23 °C /50 % r.h. @ MPa 9
tensile strength at 23 °C /50 % r.h. © MPa 27-31
elongation at break at 23 °C / 50 % r.h. ol % 235-277
proton transfer rate “mg’:;riw 6910
bubble point test in water at T = 25 °C bar >3

a) measured in two-electrode cell (through-plane), sample activated in 10 % H.SO,, T =100 °C, 30 min before measurement.
b) determined from membrane potential measurement in a concentration cell, sample activated in 10 % H;SQ,4, T = 100 °C, 30
min before measurement.

¢) reference membrane dried over P,Os in vacuo.

d) reference membrane dried, sample activated in 10 % H,SO., T = 100 °C, 30 min before measurement.

e) determined by stress-strain measurement at T = 25°C and 50 % r.h., according to DIN EN 527-1, sample activated in 10 %
H:SQ., T =100 °C, 30 min before measurement.

f) determined from pH potential measurement in a concentration cell 0.1 M HCI / 0.5 M NaCl @ T = 25 °C, sample activated in
10 % H,S04, T =100 °C, 30 min before measurement.
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3.4.9 Fumasep-E-620 (K) FE & FJiE

3. 4. 10 Fumasep—E—620-PE (K) FH & FJi&

3.5 Fumapem A %|FH & FjiE

4 8

fumasep® unit E-620 (K)
membrane type cation exchange membrane
appearance ¥ light brown, transparent
backing foil PET
reinforcement none

counter ion K form

delivery form dry

additive PEG

thickness (dry) pm 15-25

weight per unit area (dry) gm? 26 - 31

area resistance in Na* form Q cm? <1.0

selectivity 0.1 /0.5 mol/kg KCl at T=25°C ¢ % > 96
dimensional swellingin H:O at T=25°C % % <3

Young's modulus at 23 °C / 50 % r.h. ® MPa

tensile strength at 23 °C / 50 % r.h. @ MPa

elongation at break at 23 °G / 50 % r.h. @ %

burst test in water at T =25 °C bar >2

pH stability range at 25 °C pH 0-14
operational temperature range °C 15-40

Version ? 22 Valid from March 14" 2021

a) the color of the product
b) in Na* form in 0.5 M NaCl

ay vary slightly

@ T =25 °C, measured in standard measuring cell (throughsplane)
c) determined from membrane potential measurement in a concentration cell
d) membrane as received vs stored in water for 24 hrs at T = 25 °C.

e) determined by stress-strain measurement at T = 25 °C and 50 % r.h., accordingito BIN'EN 527-1 (without pretreatment).

f) Changes without prior notices may apply.

fumasep® unit E-620-PE (K)
membrane type cation exchange membrane
appearance @ slightly opaque
backing foil PEF
reinforcement microporous PE
counter ion K form

delivery form dry

additive PEG

thickness (dry) um 15-25

weight per unit area (dry) gm? 22-30

area resistance in Na* form Qcm? <20
selectivity 0.1/ 0.5 mol/lkg KClat T=25°C 9 % >97
dimensional swelling in HO at T=25°C ¥ % <2

Young's modulus at 23 °C / 50 % r.h. @ MPa > 500

tensile strength at 23 °C /50 % r.h. ® MPa >10
elongation at break at 23 °C / 50 % r.h. © % > 20

burst test in water at T = 25 °C bar >25

pH stability range at 25 °C pH 0-14
operational temperature range °C 15-40

Version " 22 Valid from March 14" 2021

a) the color of the product may
b) in Na* form in 0.5 M NaCl @

ry slightly.

25 °C, measured in standard measuring/Cell{through-plane)
c) determined from membrane potential measurement in a concentration celk
d) membrane as received vs stored in water for 24 hrs at T = 25 °C.

e) determined by stress-strain measurement at T = 25 °C and 50 % r.h., according to DIN EN 527-1 (without pretreatment)

f) Changes without prior notices may apply.
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Fumapem—F-930 . Fumapem—F-930-RFS . Fumapem—FS-930-RFS .

Fumapem—F-14100 X # 2k fH % F f£ £ Fumapem % 7| #9[H & F &,
3. 5.1 Fumapem—F-930 FE& F &

fumapem® F-930
membrane type cation exchange membrane
app / colour transparent, colourless
backing foil PET fail
reinforcement none

counter jon H-form
delivery form dry (non-activated)
thickness (dry, as received) um 28-33
thickness (wet) pm 30-37

weight per unit area mg om” 9.5-9.6

IEC (ion exchange capacity) meq g’ 0.95

area resistance in H,0 at T = 25 °C in H-form ¥ Qcm* 0.25
conductivity in Hz0 at T = 25 °C in H-form * ms em'’ 123
selectivity 0.1 / 0.5 mol/kg KCl at T = 25 °C" % > 90%
uptake in H0 at T = 25 °C in H-form © wt % 23
dimensional swelling in H,0 at T = 25 °C in H-form ¥ % 12-14
proton transfer rate ® pmglmr_gin" >10.000
Young's modulus at 23 °C /50 % r.h.” MPa 200 -250
yield strength at 23 °C /50 % r.h.” MPa 10-15
tensile strength at 23 °C / 50 % r.h. " MPa 20-30
elongation at break at 23 °C /50 % r.h. " % 125- 160
bubble point test in water at T = 25 °C bar >2

a) measured in 4-electrode cell (in-plane), sample activated in 10 % H,S0., T = 100 °C for 30 min.
b) determined from membrane p i ina cell, sample in 10 % HzS0,, T = 100 °C for

30 min.

c) reference membrane dried over P,O; in vacuo, sample activated in 10 % H;SQ., T =100 °C, 30 min.

d) reference membrane dried at ambient conditions (25 °C, 50 % r.h.), sample activated in 10 % H.SO,, T = 100 °C, 30 min.

e) determined from pH potential measurement in a concentration cell 0.5 M HCI / 0.5 M NaCl @ T = 25 °C, sample activated in
10 % HzS0,, T = 100 °C, 30 min.

f) determined by stress-strain measurement at T = 25°C-and 50 % r.h., according to DIN EN 527-1, sample activated in 10 %
HzS04, T = 100 °C, 30 min.

3. 5.2 Fumapem—F-930-RFS FH & F &

f b F-930-RFS
membrane type cation exchange membrane
appearance ent / colorless
backing foil PET
reinforcement yes

counter ion H-form
delivery form dry
thickness (dry) pm 28-33

IEC (ion exchange capacity) meqg’ 0,89-1,02

area resi in H0 at T = 25 °C in H-form ® Qcm? <0.15
conductivity in Hz0 at T = 25 °C in H-form ¥ ms em’! 110

area resistance at 80 °C and 100 % rel. humid. * Qcm® <0.12

area resistance at 80 °C and 50 % rel. humid. ” Qcm? <017

uptake in H20 at T = 25 °C in H-form - wt % 5
dimensional swelling in Hz0 at T = 25 °C in H-form 9 % 3

Young's modulus at 23 °C /50 % r.h. ® MPa > 230

yield strength at 23 °C / 50 % r.h. © MPa >10

tensile strength at 23 °C / 50 % r.h. © MPa >20
elongation at break at 23 °C /50 % r.h. @ % > 150

a) measured in two-electrode cell (through-plane), sample activated in 10 % H;S0,, T = 80 °C, 24 hrs before measurement.
b) determined from EIS during fuel cell operation

c) reference membrane dried over P:0s in vacuo, ), sample activated in 10 % H,SQ., T = 80 °C, 24 hrs before measurement.

d) reference membrane dried at ambient conditions (25 °C, 50 % r.h.), ), sample activated in 10 % H:SO,, T = 80 °C, 24 hrs
before measurement.

e) i by st i at T =25°C and 50 % r.h., according to DIN EN 527-1.

3. 5. 3 Fumapem—FS—930-RFS FH & F &

Fumapem-F-950 .
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fumapem® FS-930-RFS
membrane type cation exchange membrane
appearance transparent / colourless
backing foil PET
reinforcement yes

counter ion H-form
delivery form dry
thickness (dry) um 27-32

IEC (ion exchange capacity) meq g’ 1.15

area resistance in H>0 at T = 25 °C in H-form ¥ Qcm? <0.02
conductivity in H20 at T = 25 °C in H-form ® ms cm” >120

area resistance at 80 °C and 100 % rel. humid. Qcm® <0,08

area resistance at 80 °C and 50 % rel. humid. Qcm’ <0,14

uptake in HO at T = 25 °C in H-form 9 wt % 17
dimensional swelling in H,O at T = 25 °C in H-form % 10

Young's modulus at 23 °C /50 % r.h. ® MPa > 250

yield strength at 23 °C / 50 % r.h. © MPa >10

tensile strength at 23 °C / 50 % r.h. © MPa >20
elongation at break at 23 °C /50 % r.h. @ % > 150

a) measured in two-electrode cell (through-plane), sample activated in 10 % HzS0s, T = 80 °C, 24 hrs before measurement.

b) determined from EIS during fuel cell operation

c) reference membrane dried over P;Os in vacuo, ), sample activated in 10 % H.SO., T = 80 °C, 24 hrs before measurement.

d) reference membrane dried at ambient conditions (25 °C, 50 % r.h.), ), sample activated in 10 % H;SO4, T = 80 °C, 24 hrs
before measurement.

@) determined by stress-strain measurement at T = 25°C and 50 % r.h., according to DIN EN 527-1.

3. 5.4 Fumapem—F-950 FEH& F &

pem® F-950
membrane type cation exchange membrane
appearance / colour transparent, colourless
backing foil PET foil
reinforcement none
counter ion H-form
delivery form dry (non-activated)
thickness (dry, as received) pm 44 — 49
thickness (wet) ym 47 - 55
weight per unit area mg cm™ 9.5-9.6
IEC (ion exchange capacity) meq g’ 0.95
area resistance in Hz0 at T = 25 °C in H-form ¥ Qem’ 0.44
conductivity in H20 at T = 25 °C in H-form ® mS cm’” 11.3
selectivity 0.1/ 0.5 mol/kg KCl at T = 25 °C” % 93-94
uptake in H-0 at T = 25 °C in H-form © wt % 23
dimensional swelling in Hz0 at T = 25 °C in H-form ¥ % 12-14
proton transfer rate e um((:)rlnr_gin" >10.000
Young's modulus at 23 °C / 50 % rh? MPa 500 - 550
yield strength at 23 °C / 50 % r.h. ? MPa 13-17
tensile strength at 23 °C /50 % r.h. " MPa 30-35
elongation at break at 23 °C / 50 % r.h. 0 % 125 -160
bubble point test in water at T = 25 °C bar >3

a) measured in 4-electrode cell (in-plane), sample activated in 10 % H;80,, T = 100 °C for 30 min.

b) determined from membrane potential measurement in a concentration cell, sample activated in 10 % H;SO4, T = 100 °C for
30 min.

c) reference membrane dried over P;Os in vacuo, sample activated in 10 % HzSQs, T = 100 °C, 30 min.

d) reference membrane dried at ambient conditions (25 °C, 50 % r.h.), sample activated in 10 % H,SO,, T =100 °C, 30 min.

e) determined from pH potential measurement in a concentration cell 0.5 M HCI / 0.5 M NaCl @ T = 25 °C, sample activated in
10 % HzSO., T =100 °C, 30 min.

f) determined by stress-strain measurement at T = 25°C and 50 % r.h., according to DIN EN 527-1, sample activated in 10 %
HzS04, T =100 °C, 30 min.

3. 5.5 Fumapem-F-14100 PH& F &
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fumapem® F-14100
membrane type cation exchange membrane
appearance / colour transparent, colourless
backing foil PET foil
reinforcement none

counter ion H-form
delivery form dry
thickness (dry) ym 100-120

IEC (ion exchange capacity) meqg’ 06-08

area resistance in H20 at T = 25 °C in H-form ¥ Qom’ 0.2-0.3
conductivity.iri H;0 at T = 25 °C in H-form ® mS em’! 60— 70
selectivity 0.1/ 0.5 mol/kg KCl at T = 25 °C” % > 06

uptake in H20 at T = 25 °C in H-form ¢ wt % 15-25
dimensional swelling in Hz0 at T = 25 °C in H-form % 4-6
Young's modulus at 23 °C / 50 % r.h. MPa 250 - 400

yield strength at 23 °C /50 % r.h. © MPa 10-20

tensile strength at 23 °C / 50 % r.h. © MPa 20-40
elongation at break at 23 °C /50 % rh. ¥ % >300

bubble point test in water at T = 25 °C bar >4

pH stability range pH 0-10

a) measured in two-electrode cell (through-plane), sample activated in 10 % H.SO., T =80°C, 24 hrs.

b) determined from membrane potential measurement in a concentration cell,

c) reference membrane dried over P,Os in vacuo, sample activated in 10 % H.SO., T = 80 °C, 24 hrs before measurement.

d) reference membrane dried at ambient conditions (25 °C, 50 % r.h.), sample activated in 10 % H,;SO,, T = 80 °C, 24 hrs
before measurement.

e) determined by stress-strain measurement at T = 25°C and 50 %.r.h., according to DIN EN 527-1, sample activated in 10
H2S04, T =80 °C, 24 hrs before measurement.

3.6 Fumapem # 7| FH & F &

Fumapem—FAA-3-PE-30 . Fumapem-FAA-3-50 3% 7 2k [l & ¥ f% & Fumapem % 7| B9 A & F P&,
3. 6.1 Fumapem—FAA-3-PE-30 FH & F &

fumapem® unit FAA-3-PE-30
membrane type anion exchange membrane
appearance brown, slightly opaque
backing foil PET
reinforcement PE

counter ion bromide (Br)
delivery form dry

thickness (dry) pm 20-30

weight per unit area mg cm? 20-28

area resistance in in CI form # Qcm? gy I

specific conductivity in CI” form @ mS cm? >1.5

selectivity 0.1/ 0.5 mol’kg KClat T =25°C " >94

uptake in H,0 at T=25°C ¢ wt % <20
dimensional swelling in H,0 atat T=25°C ® % <1

Young's medulus at 23 °C /50 % r.h. ® MPa > 1500

tensile strength at 23 °C /50 % r.h. © MPa >40
elongation at break at 23 °C /50 % r.h. ® % =50

proton transfer rate nmol min"' em? < 2000

bubble point test in water at T = 25 °C bar >3

Version ¥ 21 Valid from August 20" 2020

a) in CI-form in 0.5 M NaCl @ T = 25 °C, measured in standard measuring cell through-plane)

b) determined from membrane potential measurement in a concentration cell

) in Br- form, membrane as received stored in water far 24 hrs, reference membrane dried over P20s in vacuo
d) in Br-form, membrane as received stored in water for 24 hrs, reference membrane as received

8) determined from pH potential measurement in a concentration cell 0.5 MHCI /0.5 MNaCl@ T =25 °C

f) determined by stress-sirain measurement at T = 25 °C and 50 % k., according to DIN EN 527-1

g) Changes without prior notices may apply.

3. 6.2 Fumapem-FAA-3-50 JH & Ff&
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fumapem® unit FAA-3-50
membrane type anion exchange membrane
appearance brown, transparent
backing foil none
reinforcement none

thickness (dry) pm 47 - 53

ion exchange capacity mmol g 1.46 - 1.80

area resistance in in CI form Qcm? <25

specific conductivity in CI form mS cm’ >5

selectivity 0.1/ 0.5 mol/kg KClat T = 25°C ® % >90

uptake inH0 at T=25°C @ wt % <19
dimensional swellinginH;0 atat T=25°C ¥ % <2

Version ® 21 Valid from August 20" 2020

a)in CI form in 0.5 M NaCl @ T = 25 °C, measured in standard measuring cell (through-plane)

b) determined from membrane potential measurement in a concentration cell

¢) in Br form, membrane as received stored in water for 24 hrs, reference membrane dried over P20s in vacuo
d) in Br form, membrane as received stored in water for 24 hrs, reference membrane as received

e) Changéswithout prior notices may apply.

3.7 Fumasep—FAAM 2 7| FH & F f&

XR—RPAEAE=ZTHENAE FR®E, BAalf, aF5s, EREMEMmMER
ETRENEE. EENATABERAENT (6-12M [ A ) HAT oM BMg, ket FEAEM
BAFARM . EEEARE G E: 6-12M A AN, &E <100° Co A Fumasep-FAAM-15,
Fumasep-FAAM-20. Fumasep-FAAM-40. Fumasep-FAAM=75-PK W A 5, EZ 2 7|4 15um.
20um. 40um. 75um,

3. 7.1 Fumasep-FAAM-15 [A & Fji&

fumasep® FAAM-15
membrane type anion exchange membrane
reinforcement none
appearance / colour Dark yellow to brown, transparent
backing (carrier foil) PET foil
counter ion none
delivery form dry
thickness (dry) um 13-17
thermal stability No oxidation below 250 °C
pH durability range stable under highly alkaline conditions
Young's modulus at 23 °C /50 % r.h. " MPa > 2000
yield strength at 23 °C / 50 % r.h. " MPa > 100
tensile strength at 23 °C /50 % r.h. o MPa > 100
elongation at break at 23 °C/ 50 % r.h. ” % >30
treatment with 12 M aqueous KOH at 20 °C for 1 day ?
thickness increase % 25-40
length increase % 0-2
swelling (hydration) wt % 40 - 60

1) determined by stress-strain measurement at 25°C and 50 % r.h., according to DIN EN 527-1.

2) Treatment with alkaline solution was performed in closed container to avoid CO; contact.

3. 7.2 Fumasep-FAAM-20 FH & F &
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FAAM-20

membrane type

anion exchange membrane

reinforcement

none

appearance / colour

brown, transparent

c) Treatment with alkaline solution was performed in cloged cohtdiner to avoid CO: contact.

d) Changes without prior notices may apply.

backing (carrier foil) on PET
counter ion none
delivery form dry
thick (dry) pm 18-22
‘Young modulus (dry) MPa > 1000
Temperature durability (dry) No oxidation below 250 °C
pH durability range stable under highly alkaline conditions
Pressure operation Not tested above 1 bar difference
treatment with 12 M KOH at 20 °C for 1 day "
thickness increase % 25-40
length increase % 0-2
swelling (hydration) wt % 40-60
1) Treatment with alkaline solution was performed in closed container to avoid CO; contact.
3. 7.3 Fumasep-FAAM-40 [ % F &
p® FAAM-40
rane type anion exchange
reinforcement none
app | colour brown, transparent
backing (carrier foil) on PET
counter ion none
delivery form dry
thickness (dry) pm 37-43
Young modulus (dry) MPa > 1000
Temperature durability (dry) No oxidation below 250 *C
pH durability range stable under highly alkaline conditions
Pressure operation Not tested above 1 bar difference
with 12 M aqueous KOH at 20 °C for 1 day
thickness increase % 25-40
length increase % 0-2
swelling (hydration) wt % 40 - 60
1) Treatment with alkaline solution was performed in closed container to avoid CO; contact.
3. 7.4 Fumasep—-FAAM-75-PK [A & FJi&
fumasep® unit FAAM-T5-PK
membrane type anion exchange membrane
functional group ternary ammenium group
reinforcement PEEK
appearance ¥ brown, transparent
backing foil none
counter ion none
delivery form dry
thickness (dry) pum 60— 80
‘Young modulus (dry) * MPa > 1000
temperature durability (dry) no oxidation below 250 °C
pH durability range stable under highly alkaline conditions
pressure operation not tested
treatment with 12 M agueous KOH at 20 °C for 1 day ©
thickness increase % 20-40
length increase % <2
swelling (hydration) wt % 40 - 60
Version ¥ 22 Valid from November 26" 2020
a) The colour of the duct may vary slightly.
b) determined by train measurement at T = 25°C and,5d %)r.h.. according to DIN EN 527-1.
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3.8 Fumion P & F % &K

3.8.1 Fumion FAA-3-SOLUT-10 & F %%

Fumion FAA-3-SOLUT-10 2 —f A% FX# B RK, 2— M LA FREEM, KA N-
HAME R (NMP) B4R, EAREERR, RERTHEEER, THEISNSBMWA,
A il FuMA Tech WA & TR, E A RE A BAF . S FTREMA AT #HER & — £,
HKMENR A EEE T AR AR,

- FAA-3 solution in NMP (10%)

fumion® solution FAA-3

ionomer type anion exchange ionomer
polymer type polyaromatic polymer
appearance / colour brown, transparent solution
solvent N-methyl-2-pyrrolidone (NMP)
concentration” wi% 8-12

solution viscosity at 25 °C mPas <20

functional group quaternary ammaonium group
counter ion bromide (Br’)

boiling point of NMP °C 203

additive (defoamer, wetting, anti-cratering) % optional

1) determined by drying at T = 80 °C for 24 hrs.

3.8.2 Fumion EA R W E R 5 #F

LRERAR, ERE|BRCEXNE/ K. REAEERATITH, FETFELEILE,
TETFE LW T FHRAER,

2. R BEREE, OB EGFERP HE, Fumion AR @4 NP fn LG =% B
B (REFR) WERFTRERLY.

3. F BT 4£ 4], Fumion AR FHER ARSI RELTEERY. T2, ARE
AL 740 NMP. DMAc #2 DMF % B A2 FATHY, %H JUE .

4 EBWHBERAE: BEECREEY (HA) , BAHEERZAEMALREET. KH
BEHBEEE: 5C (FRHFRE) , TiEE 15-3°CTEH#FHA. THFERL: 25° C
TANMNAWRRE (Bag TERERL) .

WER, WRENKNE SRZESEER, UL RBAFEANENTHEREMRZN
BH, ROBWEKZRYE LHRRFE LR, URD BN .
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4 % & Dioxide Materials A
Dioxide Materials /& &2 3K — &M AN A T KA ENA, AT EEACZE—
AME R Z A B A ] B A IR A R B I E R e B 2 T R, B — & B
EABEANTMENL I~ &, Dioxide Materials A & £E = & A Sustainion A& FhE
B HFE/E TR . AEM S AR AE A & B . CO, B A A MK K B . CO,~ W BR e g A R = B MR &
LT o

@‘é Dioxide Maternials:
©

The CO, Recycling Company™
4.1 Sustainion [ % F &

DioxideMaterials /a B & /= B Sustainion fm BB F XM, £ 4 Sustainion
X37-FA. X37-50 Grade T. X37-50 Grade RT. X37-50 Grade 60. B22-50 Grade T. E28-50
Grade T. E30-50 Grade T A #& 5, Sustainion X37 FExT 7 KOH. KHCO,. KC1 FHFHE F

Sl TEAR,
+ 1M KOH
~ WIMKHCO3Z O -
A HKCH
ﬁ

20 40 60 80
Temperature, °C

4.1.1 Sustainion X37-FA A& F/
KA F A #E G2 A TMIM BR R, TEC=1, pH=2-14, IMKOH # ## H=0.15Q /en’; &
0. 01M KHCO, # &4 =1 Q /cm’; JEJE % 50um (FHORA) , #ERTamE. Rt T+
SRMENEBRT, FENETATEEFREME, ILZAAREKIKENFRE, £
AL TR AR AE R IO AR 1 B
4.1.2 Sustainion X37-50 Grade RT P& FjE
ZHAE FRERENEE A 50um (FERA) « NIRRT ATXHEMER. ©7E AM
AeEMiEf — G @ g PRIt TE, B B ER —RkE, UHIEFR, %
T EEL TR PR
4.1.3 Sustainion X37-50 Grade 60 FH& Fj&
XA E TR B EF TMIM B4k, IEC=1.2, PH=2-14, 1M KOH ¥ #y & [H=0.10Q /cm’;
7 0. 01IM KHCO, # e s [H=0.3Q /cm’s EE X 50um (FHERL) kit ATXHEMR. #
R T ARM K e fg g fn — SR g, X R M EAMMRE L BB WL R, &
B | M X B PR R
4. 1 4 Sustainion X37-50 Grade T JH®E FJE
& —F W H PTFE X R Pl B F 208 &, DL TMIM A B2k, IEC=1.2, PH=2-13, 1M
KOH M’J%Fﬂ—o. 20Q /em’; 7 0. 01M KHCO, # #y #.[H=0.3Q /cm’, ETHREMR G A ZE,

[ =
- @
o o

m
[
[
o

L=a)
o

Conductivity mS/c
@ o
Q (=]

B
o

]
(=]

(=]
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Y AE AEM K LR R R I R, XMIAE FRBREUTRAA N XEE, FEPETHE
XHE, Ak, YFEERFEEERT, BEELIYEEAMIF R, ZEVEEAL IM KOH A
1R 2448 NEY, DER SR BN EAMYF R, XM ELLEHTHELS
KOH X Bk kB, HER, EhIBY, BLPKISPETHELSE, 2% E" %7 PET
A, ZBEALT FM% A Sustainion X37 HI# £ IL PTFE B2 6, REA LR D T AERE
R, I AR AR P R K

4.1.5 Sustainion B22-50 Grade T FH® Fj&

X EH AW — 2 PTFE X RIS F %8, UL TMIM A B4k, IEC=0.6,
PH=2-14, 1M KOH " &7 =, fH=2.10Q /cm’; 7 0. 01IM KHCO, &y H[H=6.0Q /cn’, B(K 4 B H
Feizx &, PIFE BB EWAE, #H5HA THEM,

4.1.6 Sustainion E28-50 Grade T FHE Fj&

X H AW — 2K PTFE X MRS F %8, UL MPIP KB {K, IEC0.7,
PH=2-14, 1M KOH " #7H#,fH=3. 70 Q /cm’; 7 0. 0IM KHCO, H &y H[H=5.0Q /cn’, Bk & B H
Feoz$E, PIFE BB EWAE, #5HA TEM,

4.1.7 Sustainion E30-50 Grade T FH® FJ&

WEHP KM — 2w H PTFE X R WM A B F a8, DL TMA M BG4k, IEC=0.9,
PH=2-11, 1M KOH &7 H#,fH=1.10Q /cm’; 7 0. 01M KHCO, F &y H[H=8.0Q /cn’, B(K 4 EH
T &, PIFE BB EWAE, #H5HA THEM,

4.1.8 Sustainion FA & FREHAE

DLEH B Fc 0, %7 Sustainion X37-50 Grade T & 5, H4A R SHHAE S
BT

TR CO,TENA, B FEESAO0.1E0.5M KOH 2 NaOH EREAE, %5
FO.1Z0.5MABEMHRERESRMERAHER (FlinsmRFRBRAT) LE, AWHEHH
BRER Hh SRR A R

B ® TR E 4 ¥ N KOH 5 NaOH i 6 £ 12 /Mo, REFNFFEWHRBRB I HER A
HLERFASET2N LUK E T 2 v R R AR R FA =8 F A R
B#HEHR) B, THEAEEBMF EERNH#TEMAF CO,LRELR, ELKT UK ER
N KOH Bt NaOH #, (Exf T AIHEN, WFEERKNR AR E A GG ET 2840 mKE
BHHRBREAHT A, I THEHT A, WHEN YOI HRAEERETRBREE FRHBIE,

4.2 Sustainion A% FEERK

Dioxide Materials /A &8 7 4 7 Sustainion B MEFH & F 4, £ & H T Sustainion

XA-9. XB-7. XC-1. XC-2 W f & F &K .
4.2.1 Sustainion XA-9 [A® F A&

WA FE B P 5% Sustainion XA-9 B H R KR Kutz & AE 2017 44 (Energy
Technology) W "Sustainion Imidazolium—Functionalized Polymers for Carbon Dioxide
Electrolysis"f# fl 09 B RAKM AW R, 5F ok o U R Z R, &t AT Co, B fF 1%
WA, TR g, BRYUKAMY XA KE, FELZNUAELEAMMTR. E—FEE
TEEHBERMAELR B ENREER L FRHAT.

4.2.2 Sustainion XB-7 (A% FEA &K

BAELE P 5% Sustainion XB-7T HMEBE RAZ LT A REMA BTN, BEY
U Roh, FERMNEENIT R G—FEEAEEH E R E T 2 TR
TEHEREEHAT,

4.2.3 Sustainion XC-1 FA® FEAEK

56


https://onlinelibrary.wiley.com/doi/full/10.1002/ente.201600636
https://onlinelibrary.wiley.com/doi/full/10.1002/ente.201600636

FIVIEE ThEe#t#E& 5K Functional Materials Expert

BuBSEADER

WA B F 5%H Sustainion XC-1 B4 3 R AR Z 1%+ T CO, A E B AM, #1714
KeEff. BRUUSAMF A KEZ, FERANAEAMHR. F—PREECHEBERYN
AR mERREER LEHT, XCHERERRIEEZLFRLT TR T &HH CO,RIME.
XC-1 BRZ AT FFEAMERN—F,

4.2.4 Sustainion XC-2 FH® FBEAK

WA B F 5%H Sustainion XC-2 B 3 AR & 1%+ T CO, A AE B AM, #4114
KeEff. BRUUSAMP A KL, FERAUIAEMER, P REECHEBERUN
B m B ARE B E AT, EERERLT, XCRF|TRET & CO, KM/, XC-2
RIZZI P EAERZHER,

4.3 RHEZ AR KR

Dioxide Materials /A &] 1 i JF & B9 57 AL Ak M A8 2 A 3 F I A 4E X B BRI B R Fn 7 4
BN, BAREHFTHFNEMFLTE, I EARAET L LT IERE, BiikEfs
MEE TIBAT, X T B EFE CO, 4y — A MB (CO) , CO, %3 4 FEL (HCOOH) , AR
AEM Bk, R AETRATE T4, TEETHLBEMAMN, AN EMRET
TR RARB I TR

FATIAE T LLR BB BBy ARM K i @A MR . — A g iR A . —F b
R R e A A R A

4.3.1 A MBH% TR & MEE (5en')

ZEEENRAGERA ZFRk, EF —AHERE. —DMEEAHE FRBEN RN T QR
FR—AARE, AP CO,LERNFRHARNEELEEARE,

AN TR AR N A A LT R Sem’ 4k (T4) B A FERIR . Sem” /05
F. BFRENFA . Sen’ 440 (904L) dv 2 FAAR R . Sem’ F BR FLAR 18 FE AR B A% o Hem” W BR
AL AE A AR B 4% . Nafion PH® THE. Sustdinion P B FHE. &, ##. 0 M, HE,
wEEHE,

& A B BA
LS BRETFREFEANME L E
L1RGRE (BH)

BE, RAREEA —GEHREEEE FANERELL 3 nl/min B9 IRE1E I Z FER IR
I, BER— BN REEEE FAMERELL0.065mL/min FE P REE LA THERATE
HIANTRAZEFORG. BANFORIWEBTFANREFTET LAY, AUKRE &4
FERRIWKE., BE, PUORTREZERATEFEGKEN TR, FHFHEERMK. L
ERNEN /8K, AEN 1/I6 ETHRENALEE. FARAMESR (BHBEE) A
A SRR By gk CO, ¥AT I8, A/ LL 30 scem MR EK H ZE N AR

L2ERESE
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PAt: WEZEL LR TEE, FNEF FHFTEakKE, FPIFEE UME 1/8 %
T) BEEY, BEAETHERESESEEEEL L. % CO,mEHEW PIFE B (JM4E 1/8
) EEINARTMHNEERGE CRFRNRT) £, RAFHRITEES; ¥ 7 — R PIFE
EUME /8 ED BHEIHRKRHNESFEL L, EHANARERS, AEEEINHAE,
FEE, COFE, LA, BhEIRHARAERHEARERI LR ERTEXE.

FEAR: MATH EZEC M E4F T 488, HNEE LR TR e kE. & PTFE & (UM 1/8
P BRAEE, YR AT THNESEHBEEE L b, B ES A L A9AR A A8 R % B
Br& PTFE & (ME 1/8 ) , U Figir R85,

5 cm?2 Formic Acid Electrolysis System

co,
Formic Acid Cell Gas Controller
Formic Acid
Product Cati Sustainion cO-Cas
ation Membrane 2
0, < Membrg\ne L’
DI Anolyte T :_ i
Reservoir and v ! ! DC Power Supply
1
Disengager + : i _
! TR [ — Volts  Amps
il i ! aoof [100]
Peristaltic Lyt \2 ! ® O ;9
Pump Deionized ; + : =
Water ' """"""""""" !
— » Depleted CO,
Gas To Vent
raﬂmwm V| Catholyte
Water
Syringe or Disengager
Deionized . :
Peristaltic Pump
Water
1.3 B IR

VR TEEANEIL 2 TIE R/ANWEIL 8-32 850D . #E A s+ FHEE L
EATE BN F, FERMAAREREE N LR,
2. ARG MR A1

BHELL 3 nl/min WREH EB FANEAMFRAZHEKLZNAD, LL0.065 mL/min
WRENEE TARLEFORENALD, FEIAAWEHE (EHW L) DL 30 scem B
HH CO, ENFAMEMAND ., Flmk/my (EMEE) FERFE (Le) MARFE (B
B 4R E B R e R A IEAR F R B b

MR FFabrt, B EEERLE AR 4.5-5.0V, BREEHN 0.5A (0. 1A/cn’) o & & E
W B A PR AL T AA T, B IR E 0.6A, 0.8A, 1.0A, HAEMEE LA/ N34 F]
REWA, BRRE AT E FEAERE T, 45 LUE R E BT R, B ERR
TIRF K, T KRR, ZWE 100 /NEFE 1.5 VT #AT 30 PHIRMHELAE, URF
e A B M RE

4.3.2 ZEMNB A (5em)

— A TEW Sem’ A BE AN R A EE U T EF: KERAET . FAFHW (904L)
FAARR . Hem® = E A8 FL AR A% PHAR AR Fo A AR AR . Sustaination [AE FRE. $EH . 42
. O WEMELEEN,
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Sem’ — AR ELAEAE

& il 1 A
1. R B e WA R E

L1 RAZRE (%)

ARG — &% R A 10mM KHCO, A 7 A % 7K o8 o DL 3 mL/min B9 97028 78 31 2 FEAR U
T BWERNEHEAIE 1/8 %, WA 1/16 ¥ ~Hiy PTFE B, FE AR T % (24
HE) A Ak BRI S CO, HATMIB, #JE LA 30 scem HY ¥ H E N AR
lL2ERESE

FAAR: RS54k B4 T8 &, FE M B & FIF T 2 a% e, ¥ CO, niE # 8 PTFE & (4
F1/8H) ZEHIARMIWELETR G (FFNRT) £; ¥ 5 —RPIFEE (44 1/8
WP BEIARKRTNESEEL L, EEANARERE, REEEIHRE. FEE, O
REEFEN, HIFENERARFE & SRR IBERE LT F R T E X,

FEAR: MWEZEH L F47 T8-S, HNEH LR TE e RAIT. K5% PTFE & (U4 1/8
¥ HEEE, BHENESEDTRANESLEEL L, B EF —RPIFEE (UME 1/8 %
) EEITHWESFE L L, FEELTLERARRERE S, UF Fiir BiEd,

5 cm2CO, Electrolysis Cell System

CO; Gas

To Exhaust Vent ' Supply Source
T CO; Gas
Flow Controller
0y +CO, coimin
DI Water
CO, Gas
r Humidifier

DC Power Supply

Anolyte
Reservoir Vaolts Amps
[s00] [1o0] -+
[ ] ® o0
10 mM KHCO;
A Solution Rl T T T T T
Pump e NN e e
I—' CO Product
v |
Catholyte Condensate
Liquid Reservoir
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1.3 IR EE

VA TEEANEILE R TTH R/ANWEIL 8-32 825D . KE A s+ FHLIE
HEBER T PR AR R AR R,
2. HLAEAE X A R 1F

B UL 3ml/min B3R Zf 10mM KHCO, AWK Mg R R X EFEM A B R ,
FEIRA AT B COEAARERA D (TRF) . FEL/ B4 (2HEE) AERS
% (ae) MEREE (Be) 4R EE3mFEN ERMAARESE L,

MRFF 6B, W JFE R E N 3-3.2V, REBEA LK RITHEMmE 1A (0.20/cn’)
HL A L A L A B LN A B BT F Y 1A, BRETE AT B FEAERIAY . 4
DAfeE ] B R A (AT K, (B BB TR K

4.3.3 — @Bk e AFAE (25cm”)

— /N EEW 25em’ Z AR AR S . WA DL T A Sk FEARR 7 . 904L 4 4R FA AR 37
25em’ Z AR AR 4G FEAR B AR A0 B A B A% . Sustaination FAE FRE. #E8. A0 FE
Fo e 5% &1

25em” — A LB B AEAE

& il 1 A
1. R B R WA E
L1LRAGZRE (%)

AGRER — 6% F K 10mM KHCO, AV 7 M i 7 # o UL 25 mL/min 8957 3% 78 3 £ [
Wi BWERWEENIE 1/4FET, AFE 1/8 E~TH PTFE B, £ AR i % (£
BB F ATk BAARENSE CO, AT IR, 48/ LA 150 scem Y EOK 3 NHR KT .

L2 ERESE

PAtk: MEGEEL /TR, FNES R TEEKKE, ¥ 0,0 %&# PTFE &
(A2 1/4 %) ZEIFARTTHNEHFRE (FEFNRF) £; HF5—RPIFEE U4&F
/4%~ BEFHARRHNIELFEL L, EHIARERE, A EEIHRE. FiEE,
COREEW, HIFENEHERT A AEHKIBEME LEE R TR,

FEAR: MEZEH L LA T8, FNEH LR T BB RAT. K54 PTFE & (UME 1/4
¥ BB, BHENESEDIRTNELEEL L, ¥ F —RPIFEE (PR 1/4 %
) EEITHWESFE L L, FEERLERRRERE S, UF Figir BiEd,

1.3 BIFHEE

¥R TFELWESA A ETH (BUMNIETL 8-32 820 . RJE A+ F B Lig4T

FEBRH T, PR AR R AR R
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25 cm?CO, Electrolysis Cell System

C0, Gas
ToExhaustVent 4{ |‘7 Supply Source

GO, Gas
Flow Controller
celmin
Dlater

CO; Gas
Humidifier

DC Power Supply
Valts  Amps :
[] [ X
10 mM KHCO, i
@ Solution = R
Pump e S e e e e e
CO Product

Catholyte Condensate
Liguid Reservair

2. WL AR A 3R 1F

B e LA 25mL/min B3 4 10mM KHCO, K V& R if 7R 88 R % 2 FER M B (JRED) ,
FERILRA AR B CO, ENAR RN T (TR . AL/ E4 (BB E) EHEK
F4& () MARSEE (Be) oAl EES wRNER ARESE L,

MRFF 6B, W JFE R E N 3-3.2V, KR/EEBE MK i mE| 54 (0.20/cm’)
W RS R A L e B LB WA B BT R R BA, BRET B BUA T B FERER AT, 4
B DA R B AL AT R, (B i BOR TR 2 R .

4.3.4 AEM K ® 4 (5cm’)

—ANSEEH Scm’ARM K AEAE . EE LT 4R TR AT Sem’ FEAR F FEAROR 7 . W R 3k
FeEBEMANEERANE MEA) | 2 BARY #E. B, #i. 0 EM PIFE £,
NGRS

X2 AEM B AR M AT B AR 0 1M KOH 384T, #4125 A7 U5 % Zengeai Liu % AFr
W7 "The effect of membrane on an alkaline water electrolyzer'— X F ATk, (X @&t
B LBR R B REAR) o Z M A AE A A/ ) Sustainion [ FREREE, NRE T AL
FHMERE, BH W T RAE:

L EEGERTI/E BENA 1.IVE 1 A/en’ (F£ 60°CHEIE IM KOH = &)

2AEERERE;

3. AR AE FT DA AT T A K A

4. HARTE B IR A R B K B AR AE R B PEM B A, AR R AR

Sem’ AEM 7K E fR A%
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& il 1 A
1. AEM B AR E
L1LRAGZRE (%)

WY, FAREBEFEH —GEHRE IM KOH RN LA TSR B oA L
FRPHE ML) TRE IR AR (W TEAR) « RAERELHN 3 nl/min. BIPE S
BR1/8FEST. WEN 1/16 Z~TH PTRE &, H R HER AR Z B ERERE (R2R
B , ERARARSRANEREG, EENEGMNKELE D N8 ET (20 EX) .
WHERERNERENAOERNE ORRL AR AR BB, LR B B AR EN £
WL, XERAMREEAETLSRAE R, B, SRS 5 5042 5 b iRl 5 &0 1E L,

5 cm2 Water Electrolysis Cell System

To Exhaust Vent

T Thermocouple

0; H; Product

Sustainion®
& Membrane
]
L _J
1
¥

FID CellHeater
& Controller (*C)

DC Power Supply

Gas Disengagement &
Solution Reservoirs

L2 EREE

MAENDFH O TEMEENE L (H2) . ¥PIFEE (UE1/8#E~) NREEE
LT REH E 4B (68#); B AR PIFE & (UME 1/8 %~ NAR S B B EZI T
EgEEL6f); AERAFHRITRIES, SEBEN T —MNEZIEE.

1.3 IR EE

¥R TELSAEIL AT (B/NHEIL 8-32 8850 , RKF A ot FFELiE
A EBEINH T, PR FFARE AP R,
2. L AEAE IR An 3 4

Fra6 L 3 mL/min R N AR 45 &0 R E AR A IMKOH B, ZER 2 47K
W, —BRIREMEREAND, A—RREARE. AT FEREEF &, HiEERXE N 60° C
(i r#pdE) , FERBBERHIEERFEGC CED 3044, FiEmfvai., F=
/RN (haE) KERFE (Le) ARTL (Be) 47 % %5 B JE 8 ERFf AR
gL, FEBEEREN 2.2V, REEBEFHEEREWE 5A (1A/cn2) WIXE., BHF
1 B 7 L R B LN NIK BT 5A, BAREUAT B FRGEMER T . 4
PAGE BB B A (X AT IR, EZERR TIPS B,

4.3.5 AEM A& & #%1# (25cm’)

— T ERH 25em’ARM A B AEAE . B DL T E . TS AREY 25em’ AR A PR AR R . A
R BEMANEERAESF (MEA . £ BAKYT #E. BE. B4, 0V Ef PTFE &1,
A s F e 4,

6 2



BuBSEADER

25cm’ AEM 7k ¥ i &
A % BA
1. AEM B A& #4738 R E
L1 RARE (2H)

BE, RAREFER —GEHZK IM KOH BRMNEF AN LA BHAEBERE
FEFHL ML RE AR AR e TER) « ROLREL A 50 mL/min, 2P EH S
BARI/AFES. AEN 1/8 T PTFE & . Ky B b FEAR A BRI 2 8] iy B R & (i
B, ERARARSRFAANAEREE, TENEMKELEDLHS ET (20 EX) .
R R B AN AR E B AR OB LR AR B A, AR B B AR TR B
WEn, XERAMFEAERTSREGE— R, R, ARS8 &L R SnER.

25 cm? Water Electrolysis Cell System

ToExhaustVent

1.2 ERERE

A DA E O TE@ENE L (B2 . ¥PIFEE (UNMRE /4 %) NREEEE
LT RBAEFTRA; F7 R PIFEE (UME 1/4 B~F) NRR LB #5825 09k %
Bk REFFHRTRES, HaEEN S —MELLBE,

1.3 HLJFE §

WRATESNEXA E AL T (/WAL 8-32 8850 ' AE A+ FE LEA
2, HLAEAE IR 1R

FF#£ L 50 mL/min By F NS K4 5 BRI EFEARE IM KOHER, ZAERS AR
BAR, —BRREAREAND, FT—RAZARE. KENFREEHE, FEEXREN
60° C (fmihr ¥ &) , HFAERBEUKEERIE60° CED 30 44, I EH,
Fedk/my (FafE) ¥ERSE (Le) FMEKEE (Be) oA S5 RN ERM
FREE L, BRFEEEREN 2.2V, KEEBEFEFETEME 254 (1A/cm2) HWIRE,
HLARAE B LK U A B LN A B B R Y 257, BARBUA T B T A AR,

7T DL R A AT K, (B B TR P B,
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4.4 EEAEF A BTG

Dioxide Materials /A& #J GDE fa CCM BLtF = E R £ LA MBIEE AW~ &, B F:
K LA AE R TR AR AR . K AR AE R PR AR AR . A B AR AR R PR AR . — A Bk A
FIFAMR AR . A AFAE R TR AR (NI FEHE) | KEMERMERER (FFRTER .

4.4.1 KEMEER AR ER-(FRE/ R £H)

XE—HK AT ARBERARA R, BLEAREMRE REMBinder BAREE
Ni & %5 F &I A, B XARBHAFHEAF LT £ % Zengeai Liu FAEXE “The
effect of membrane on an-alkaline water electrolyzer” FHIH i (CE £ A W 3k
BRAZRIE) . KAEREFERREEA. FaK (FT 10000h) . EREFE P
GEAMEARE (HER) B94F &, #&RT&%: 10X10cm, 20X20cm % .

4. 4.2 7K FMEAE R FE AR AR - (NiFe,0,/ 45 40 )

XA — K T A AR A FEAR R B e AR, 1 ST FE AR 48 A NiFe,0, 7 Binder B 60 B /£
T M 45 b H1E T AR, B K PR 8 ] 3 #3187 5 % Zengcai Liu % AZE X E “The
effect of membrane on an alkaline water electrolyzer” Wik (C=AE A Wk B
RERBAR) . XEEMEFRRAEEA. FaK (FT 10000h) . EHEFREFEE S
EATAR A (OER) BIFF &, #FERTEHE: 10X10em, 20X20cm %

4.4.3 Z R ABK ARG IR B - (Ag/ B H0)

X — AT AN B ARAE AR R By A%, i F Ag R A Tonomer 60k B £
BAERERETAR, FHENHE LT 5% Kitz ¥ A% (Energy Technology to
appear (2017) ) > # “Sustainion Imidazolium-Functionalized Polymers for Carbon
Dioxide Electrolysis” #H# A (XFEAERMN LK R ERIAAE) o XZK B EAF BIRF
EA. FaK (i 4000h) | *f COWETFHMAER ., FHEET C0, 5% % CO R
Hike &, FRERSTEHE: 2.5X2. 5em. 5X5em, - 10X10em, 20X20cm 4,

4.4.4 Z @B AR PR R - (Tr0,/ 3R 40)

KE—HKAT A s e F IR A B AR, #EH Ir0, A A Tonomer A% E
EBAER EH TR, FHANHERT S F Kutz ¥ AE (Energy Technology to
appear (2017) ) > # “Sustainion Imidazolium-Functionalized Polymers for Carbon
Dioxide Electrolysis” #H#HA (XFEAERMNILHI R ERAAG) o X R B EAF BITF
BR. FaK (Bit 4000h) | dE#¥E A TALERE (OER) B4 &, #7E R <+ & 3X3enm,
5X5cm., 10X10cm. 20X20cm 4,

4.4.5 KRR IA R EAR - (NI 4T 8

KRR TAEMBEAR AR ER, HFHNN LS, XRERERELAE

ggmi. ARES. B4 THRMERAEL, FERTERE: 10X10cm, 20X20cm %,
4.4.6 KA FATEERER-(FHFNT £H)

KA — KA T K EARAE TR R B AR AR, M EMT LR, X ERERER

AFENTHEAR . ILRES. 6 THHRWER, FERTEHE: 20X20cm.
4.4.7 #HHH

T AR AR TR R AR AR, T LB & R £, &3 AvCarb. Toray.
SGL Carbon. CeTech %, E/f&A 57 %% k.

ANBFRFRI G EMEEREHZ S Dioxide Materials /A 8 & = B B A FE T A1
R, AEMAARIEEERAZR,

HA®RANARE, —SFA, wEFEEE, BFRER, FATEIWEER
AR,
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5 % & Chemours /A
BENE (UTEK “BE” D, T21F7TAZTRE-AAFTAHTFST/HE, R —
RIZEMET NG, R F AN HHREAFEEE LT, SEEKERTK. A7 005
HAFREFE =AW HFTAREZ 2T, REFFAL L &, 0 Opteon (BAF &) Teflon
(Bgk. &8 k) . Ti-Pure ((E&) . Krytox. Viton 1 Nafion &, &) 2N FHATH
g E. FA. B RT A MERE T A B, f R IR E = BRI MR
BT, EABRA 37 ANEFEAM, EF L9000 4 R T,

Chemours-

5.1 #E

Nafion 4 BB £ M I A7 E L EMF & HE B ENARERR S HRB PR L
T AR B B A R A T T AR M R A, A BB
BEETHAAHRREAMARNGBE K, LEEHET.

™ O — T

F FE~F F
LAY 1
~®c—c—c—
o
F O F F

|

Rf
|
SOzH (or CO5H)

Nafion 4 & 88 (PFSA) FE & X T (¥ % 8 PFSA/ R WA L () B R a3 5 %
Bt FmmBERFfEE, SERERAAMAL, AUABE FTRREERE S, XRANFW
AR B K. Nafion 2 FAEER (PFSA) BE) 2 AL T Bt F 28 ¥ RE (PEM) WA K} F. b o 7k e A
B ZEENEREEREEAHEEREM N RIS TEFIERNEMF s B E T L E(E
Flo BAMALFHFm A . Bl Nafion B F A N115, N117.N1110. N324. N424., N438.
NR211. NR212. Nafion HP. Nafion XL % 11 &5, H % Nafion HP #2 Nafion XL BL& %
., REREDERS, REFEILENTE, AHFHEEMBEREERMEE,

5.2 Nafion 2 RBE T F X #IE

5.2.1 Nafion N115/N117/N1110 E%ﬁ
Nafion N115/NI117/N1110 X =K & FREZF|IFHF EERE T2 ETM RN — R FIHE F
AR, BE 4R A 127um, 183um. 254um, X E— R KL minyHEE, £EH T 6.
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wlamE eI, LF

5B TRITT .

Table 1. Properties of Nafion” PFSA Membrane

Nafion” N115

Thickness and Basis Weight Properties?

127

250

Nafion” N117 183 360
Nafion™N1110 254 500

Physical and Other Properties?®

Physical Properties
Tensile Modulus, MPa (kpsi)

50% RH, 23 °C(73 °F) 249 (36) ASTM D882

water soaked, 23 °C (73 °F) 114 (16) ASTM D882

water soaked, 100 °C (212 °F) 64(9.4) ASTM D882
Tensile Strength, Max., MPa (kpsi)

50% RH, 23 °C (73 °F) 43(6.2)inMD, 32 (4.6)inTD ASTM D882

water soaked, 23 °C (73 °F) 34(4.9)inMD, 26 (3.8)inTD ASTM D882

water soaked, 100 °C (212 °F) 25(3.6)inMD, 24 (3.5)inTD ASTM D882
Elongation at Break, %

50% RH, 23 °C(73 °F) 225inMD, 310inTD ASTM D882

water soaked, 23 °C (73 °F) 200inMD, 275in TD ASTM D882

water soaked, 100 °C (212 °F) 180inMD, 240inTD ASTM D882
Tear Resistance—Initial, g/mm

50% RH, 23 °C (73 °F) 6000in MD, TD ASTM D1004

water soaked, 23 °C (73 °F) 3500inMD, TD ASTM D1004

water soaked, 100 °C (212 °F) 3000inMD, TD ASTM D1004
Tear Resistance—Propagating, g/mm

50% RH, 23 °C (73 °F) >100in MD, >150inTD ASTM D1922

water soaked, 23 °C (73 °F) 92inMD, 104 inTD ASTM D1922

water soaked, 100 °C (212 °F) 74inMD, 85inTD ASTM D1922
Specific Gravity 198 —
Other Properties
Conductivity, S/cm 0.10 min. See footnote*
Available Acid Capacity, meg/g 0.90 min. See footnote®
Total Acid Capacity, meq/g 0.95-101 See footnote®

Hydrolytic Properties?

Water Content, % water® 5 ASTM D570
Water Uptake, % water’ 38 ASTMD570
Thickness Change, % increase
from 50% RH, 23 °C (73 °F) to water soaked, 23.°C (73 °F) 10 ASTMD756
from 50% RH, 23 °C (73 °F) to water soaked, 100 °C (212 °F) 14 ASTMD756
Linear Expansion, % increase®
from 50% RH, 23 °C (73 °F) to water soaked, 23 °C (73 °F) 10 ASTMD756
from 50% RH, 23 °C (73 °F) to water soaked, 100 °C (212 °F) dif ASTM D756

imped

conditicned in 100 °C (212

llate the acid capacity oreq

hr. easdrefpent cel

valentweight of the membrane

TV

ML htly less the

5.2.2 Nafion N324/N424/N438 & F fx

Nafion N324/N424/N438 X = Z & F B & F| Fl #F b 4% & T 2. fF 1 &, &1L PTFE 5%,
BRI EEE TR TAMEMIZ. @M I L. AE A% (ODC) H A M H B + 2 3
4., H & Nafion N438 £ fl £ #7# PTFE # 223 5%, . Nafion N424 BE s EE-FH, &
GHiRRY, WREEEWYS, RETRYEREE FIGEFARFTHEA, mR5H0
TR
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Cell Current
Voltage,  Efficiency, NaOH,
Membrane Type V % %

Nafion” N324 358 88 10-14

*Conditions: Zero gap, 0.0045 m2 DSA anode, activated nickel cathode, 200 g/l anolyte,
90 °C (194 °F), 4.0 kA/m?

Cell Current
Voltage, Efficiency, NaOH,
Membrane Type V % %
Nafion” N438 Performance in C/A not established
Nafion™ N424 3.74 97 2

“Cdnditions: Zero gap, 0.0045 m?, DSA anode, activated nickel cathode, 32% NaBGH, 200
gfh-anolyte, 90 °C (194 °F), 4.0 kA/m?

5.2.3 Nafion NC700/NR211/NR212 & F &

Nafion NR211/NR212 X = % % F 2 Ll Nafion 2 ##k 5 JE#, %4 T Nafion WK %
. EMNBF WS EHREER, ARBTEREANFEFERNLATEA. LEEL AN
15um, 25um. 50um, F* ZH THEaE. WA R ETE, L& & 58T RFAT.

Table 1. Properties of Nafion” PFSA Membrane

Thickness and Basis Weight Properties?

Nafion” NC700 15 295

—_—_—————r =~

Tensile Strength, Max., MPa 45 45 ASTM D882

Modulus, MPa 446 421 ASTM D882

Elongation to Break, % 105 61 ASTM D882

Specific Gravity 1.97 See footnote!

Area Specific Resistance, mQscm? <20 (90% RH) See footnote?
<30 (40% RH)

Hydrogen Crossover Current, mA/cm? <2.0 See footnote*

Hydrolytic'Properties

Water Content, % water> 5.0=3.0 ASTM D570
Water Uptake, % water® 50.0+£ 5.0 ASTM D570
Linear Expansion, % increase
from 50% RH, 23 °C (73 °F) MD TD
to water soaked, 23 °C (73 °F) 2 2 ASTM D756
4 4 ASTM D756

to water soaked, 100 °C (212 °F)

ditic

=l
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Table 1. Properties of Nafion~ PFSA Membrane

Thickness and Basis Weight Properties:

Nafion~ NR211 25.4
Nafion~ NR212 50.8

Physical Properties:

50
100

32 32
266 251
343 352

ASTM D882
ASTM D882
ASTM D882

Tensile Strength, Max., MPa 23 28
Non-Standard Modulus, MPa 288 281
Elongation to Break, % 252 311
Other Properties

Specific Gravity 1.97
Available Acid Capacity, meq/g 0.92 min.
Total Acid Capacity, meqg/g 0.95-1.01
Hydrogen Crossover, mL/min-cmz <0.020

1.97

0.92 min.
0.95-1.01
<0.010

See footnote:

See footnotes
See footnotes
See footnotes

Hydrolytic Properties
Water Content, % waters
Water Uptake, % waters

Linear Expansion, % increases
from 50% RH, 23 °C (73 °F)
to water soaked, 23 °C (73 °F)
to water soaked, 100 °C (212 °F)

1Measurements taken with membrane conditioned to 23 °C (73 °F), 50% RH

2Where specified, MD—machine direction, TD—transverse direction. Condition state of membrane given
of sulfonic acid in the polymer and used the measurements to calculate the available acid capacity of the membrane (acid form).
ts of suifonic acid in the polymer and used the measurements to calculate the total acid capacity or equivalent weight of the membrane

measures the
measures the

aA base titration p
+A base titration p
(acid form).

5.0 £ 3.0%
50.0 + 5.0%

10
15

sHydrogen crossover measured at 22 °C (72 °F), 100% RH, and 50-psi delta pressure. This is not a routine test.

aWater content of membrane conditioned to 23 °C (73 °F) and 50% RH (dry weight basis).

“Water uptake from dry membrane to conditioned in water at 100 °C (212 °F) for 1 hr (dry weight basis).

aAverage of MD and TD. MD

5.2.4 Nafion HP/XL B F &

is similar to TD for NR

Nafion HP/XL X R E FHELEFET, REREDEXR,

27.5um E = &S5 T %k,
Il €

ASTM D570
ASTM D570

ASTM D756
ASTM D756

JB % 4 A A 22um,

Membrane Model

Nafion HP

Nafion XL

Thickness

22 micrometers (um)

27.5 micrometers (um)

Basic Weight (g/m’)

43.5

55

Tensile Strength — max. (MPa)-Method:ASTM D 882

38 (MD), 41 (TD)

45 (MD) , 40 (TD)

Non-Std Modulus (MPa)-Method:ASTM D 882

391 (MD), 555 (TD)

613 (MD), 400 (TD)

Elongation to Break (%)-Method:ASTM D 882

182 (MD), 89 (TD)

200 (MD)., 185 (TD)

Hydrogen Crossover (ml/min. cm’) <0.015 <0.015
In-Plane Conductivity (mS/cm) >72.0 >72.0
Through-Plane Conductivity (mS/cm) >50. 5 >50. 5
Membrane Hydrolytic Properties Nafion HP Nafion XL
Water content (% water)-Method:ASTM D 570 5.0£3.0% 5.043. 0%
Water uptake (% water)-Method:ASTM D 570 50. 0£5. 0% 50. 05. 0%

Linear Expansion % increase

(50% RH, 23°C to water soaked 23°C)

1% (MD) , 5% (TD)

1% (MD) , 5% (TD)

Linear Expansion % increase

(50% RH, 23°C to water soaked 100°C)

3%(MD) , 11% (TD)

3% (MD) , 11% (TD)

6
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5.3 Nafion D520/D521/D1020/D1021/D2020/D2021 FE¥ &

A% v F] Nafion PFSA B A # 4 Bk B F R EW 2 AR/ R WA L FH LR YU 1)
HRE L, TELHREGYEER Y HMAE I T ER . &G RE EE #HA
BERE AR, 7R E & Fr e R B AR BB 77, R D520, D521, D1020. D1021.
D2020. D2021 <M A S (HLBEZEEF, RALEER, FEFEHRRAZMR , HFal
ST RR:

Nafion® PFSA Polymer Dispersions by Composition

Property D520 D521 D1020 D1021 D2020 D2021
Polymer Content (wt. %) 5.0 min. 5.0 min. 10.0 min. 10.0 min. 20.0 min. 20.0 min.
5.4 max. 5.4 max. 12.0 max. 12.0 max. 22.0 max. 22.0 max.

Water Content (wt. %) 45+ 3 45+ 3 87 -90 87 -90 34 +2 34+2

VOC Content (wt. %) 5043 50+3 <1 <1 46 +2 46 +2
1-Propanol 4843 481+ 3 - - 44 +2 44 +2
Ethanol <4 <4 - - <2 <2
Mixed Ethers =i <1 <1 <1 <1 <1

and Other VOCs

Specific Gravity 092-094 092-094 1.05-1.07 1.05-1.07 101-103 1.01-1.03

Availabie Acid Capacity >1.00 >0.92 >1.00 >0.92 >1.00 >0.92

(mea/g, H' polymer basis)

Total Acid Capacity 1.03-112 095-103 1.03-1.12 095-103 103-112 095-1.03

(meqg/g, H" polymer basis)

Viscosity ch; at 25°C and 10-40 10-40 2-10 2=10 50 — 500 50 - 500

40 sec” Shear Rate)
Note: 1 cP =1 mPas

5.4 Teflon PTFE DISP 30 L&

Chemours (&4 ##5) Teflon PTFE DISP 30 (&4 TE3970) £ —# 3L & & A PTFE
ARk, AEEFEREEREMNEE. ¥ M@K PTFE JLE, &% A TREMZTREHA
MURFERETIZ, CRREOALEM R AN ERT 2 3044, URAER i e
TEM EYWIE,DISP30 T B PTFE R E KA L AR M e iy A (L R & £ 260°C
(500° F) THEAGEHaEERFAZ, LUEAE -240°C (-400° F) FETIRAT A,

Teflon PTFE DISP 30 2 60%y % MY & 7. /& L&,

DISP 30 ¥ W& 7 %% K 4Btk 2 4t

o JLF B A Tolb 5 o Ao 5] 9 1
E IR

o ff % B A R

(DR A AR B RN BB R K

o 8 BT R 1

A1

WA N AL

FATRRA., BT, & & TAE TN R ERRHELT %R
cH g LT R RERFEA, AT e R

EL B WA SR AL B IR R R R

B AMERE RN KERE

o BRI O Am A

* FL L IE AR R AR 2B T A A A
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6 * & Gore A F
KR (Gore) BR—FUMBRE N AN L2RMENE, TETEFHF- VK EALE., KT
T 1958 &£, U EM@ARTTHE T NEF£BREAT F A 43K, WA GORE-TEX & #}#
P RAEAT EH, BREETRRAELEE. BHES, UREMEMA. EAFED)
BT ETYFEAEReNFatas, RESHCTEZEFLENARZT, £2%HF
#iL 9,500 4 EF, FUAM 35 10% T

GORE,

6. 1 Gore—08um/10um/12um/15um/18um & &P & F R B ek F

Gore BT H L A4 H M e PIFE(WAE R WA L) HAEE FREM LS, L E
EARNERTREE, TUEE FEERUNRBENNR TENE, FLLFNE AL
K, Gore AR FRBUEEZLIATAREENE”, MBARNKATHE LS —KE>
SMA R E (FEH Mirai), WEHERELIHMA B E FHTRE A%,

RARNEIWIEE FRASE %, EHTPEMFC AW EEHUTA S, MX765. 08,
MX20. 10, M788.12. M775.15. M820. 15, M740.18. M735.18, F £t 5 %K TFr~.

B EER RARHTHEAE (RH) BRI

1.2 80 °C, RH30%, amb M77515

1 ' XBEISEREP(DoE)

o M765.08 BiF
08 Vg RS ATHE
s ® [ ] ° M788.12 SRETERS BEER
<] ® 8 mBA T3 it R lE

> 04 " 4 M73518
# 30 pmEF 3R [ °
w 0.2 M740.18

%3 500 1000 1500 2000 2500 29 92 12 i 20 "2 %4

3 iEF Mt E

BB E /mAcm?

GORE-SELECT®Fi-F X IR lE7E R & TR MBI/ R EX-YR 12 EIEF tH & A0t
GORE-SELECT® R F3X IR I A R HE NS H @EKE R TIMER At XePTFEEBERTFIREETITET T RE SEREINELS KA
FHIBMSINREE, MERE BRI ENEEING T ERNRE. BEATE,

T0%FEY R ERIFF R B FE(OCV) B AL M PRI AL IRE R At 5]

= [0 pmiFRRBNERETE |
@ 531t i 10 pmiEERBINEREE TE

o mit 35 [ swenc o |
30
§ |

1.0E-07 e

15 I - l
\\. ;
1.0E-08 E.=70.6 kl/mol :
00025 00026 00027 0.0028 0.0029 0.0030 00031 0.0032 0

15 15

1.0E-04

1.0E-05 E.=68.1kl/mol

1.0E-06

MR R E
((g) /em? hr)
SKEEE
(mA/cm?/MPa)

UT (/K) 8 8 12 12
. N . " BRPZIRBEEE (Um)
RREY SR RIFIRARBEBIETS TR T LMK ERF e XM UFR
ANERVIRF, BESSFE AU Tt —2b SR SRR B At ER I A 18 I IR BUADES THY FATEE SR AR SR B R RSN A, NTERNERHREE
1Rl EHE, EESESEELERNIHEELY R REE.
X:RH (%),Y:¥#(Proton Resistance (mOhms cm#2)) —m;ég 73‘=RH (%),Y: ¥ (Hydrogen Permeance (mA/cm#2/MPa)) Membrane 1D
— —M775
120 —M788

=
3

@
<

B
S

-}
<

w

S

=]
N
S

Proton Resistance (mOhms cm”2)
Hydrogen Permeance (mA/cm#2/MPa)

o
o
=3

=}
=Y

RH (%) RH (%)
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X:Membrane ID,Y:¥t3(Tensile strenght (MPa))

Membrane ID X:Membrane ID,Y:¥43(Tensile stress (N/m))

1000
- M775

Membrane ID

A EREAHRmI AL
ﬁ oo ;iﬁ:ZO%RH
gﬂ- oo ﬁzﬂiﬁﬂigﬁaﬁ\\\
-
QT —
EL S HBIGORE-SELECT BT F 32 B e Ph BB A AN FAIRILE
R, HaERE, XERINE S EBIES St Bt ENERS 6,
WA BT WE R AT
BAH BEEPNR/TH fik
MX20. 10 YRR RENAREEARLY, ERTETRIAERSE
M788.12 | MEXEWOMER, RE) X%, 4RER R I b AR B (AL 10 %)
M775. 15 RECHTRA) A% (ARE +%) Faik, BHER
M820. 15 KRGER LR, HEE. NEMEER EFmE IR RARBHAEEEAAFHAMY
M815. 15 ARG ERAERR FPEIRRRHARER
M740. 18 B (2 EXANAE) REARAPEAEER
M735. 18 RE AR, %% FAEREE, AREEMPEARN
ERFNEER Kl
BATA, ESEEE
BRT R A AN R ER A
EUFTHARRESESE s fewan

ERFHAENLE ENLA

BT ARSI REE

ERTEMaR. BRI, XENERTZE
BRI AMRESKSE

ERTRAERA

FHREHTHBENEEE

SkizEtt U ALE
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Membrane Name \ M735.18 M775.15 M788.12 M765.08

Physical Characteristics

Membrane color Black Black Black Clear Clear
Orientation for use
(Side not attached to backer to be used as the cathode side) Yes Yes Yes Na N
Nominal thickness (um)' 18 18 15.5 12 8.5
Proton resistance (mohm*cm?)?
< < < < <

80 °C, 30% relative humidity (RH) 150 120 22 120 £0
Hydrogen crossover (mA/cm?/MPa)?

80 °C, 50% relative humidity (RH) 2 2 2R 30 40
Tensile strength (MPa)'

Machine Direction (MD) 21 30 A8 A E
Tensile strength (MPa)'

Transverse Direction (TD) = = 2 % 95
Swelling ratio area change (%)* <5 <5 <5 <5 <5
Peel strength btw. GSM and backer (mN/cm)’ 50 50 60 50 70

Performance Durability

Mechanical durability
Relative humidity (RH) cycle test® 1.8 1.8 1.0 1.3 1.1
(normalized to M775.15)

Chemical durability
OCV hold test (30% RH, 95 °C), Fluorine release rate® o’ +++ ++ - +
Typical Fe contamination (ppm) <1 <1 <1 <1 <1

Roll Properties

360 360
: 340 340 340 490 490
Standard roll widths (mm) 320 320 220 294 294
240 240
Standard length, Nominal at mass production (m) 200 200 200 400 400
Standard length, Nominal for sample roll (m) N _ 10 10 10
Standard A _ _ 50 0 50
Standard B
Orientation Product in roll form is shipped with the membrane facing outwards
Max. # membrane-to-membrane splices 1 1 1 2 2
Trailer length (m) - - 35 20 20
Clean room standard (15014644-1) Class 7 (Class 10,000)
Visual inspection for defects 100%

For additional informatien, including product handling guidelines and safety data, please contact your local Gore representative.
1. Measurements taken with membrane conditioned to 23 °C, 50 % relative humidity (RH).

2. Proton resistance measurements taken by high frequency resistance method. Membrane impedance taken at zero imaginary impedance.

3. Hydrogen crossover measurements taken by cyclic voltammetry (CV).

4. Swelling ratio calculated by dimension change from membrane conditioned to 23 °C, 50% RH to water soaked at 100 °C for 10 min.

5. Gore original method.

6. Electrode and GDL for evaluation are Gore's experimental standard.

7. Without Ce in the electrode.

H: AFREEGREREN, mFHE—FTH, FHREAER.

6.2 Gore-80um £ & FH & F 4| & m e A

K AN E 4 RS PEM BB A T Y, B & T — 2B 4 80um B8 A VB 5 HE M275,
F LR AN TR

YRR

JE & (um) 80

Hrm (D) R A E (Pa)’ 55
He 1 (TD) A% & (WPa) 55
JiiF .8 * (mOhen’) 57
S55% M @A/cn’/MPa) 7
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AR
PR IS (um) 320,400, 580
K& (m) 100
v BHRER, KT RGBT MG
Ji & fRIE
PRk E 100% & 3.
T A EHAE IS0 14644-1 % (FH)

L. 7£23°C, SOWHRHERE (RH) %A TRRT B THE.

2. RFARFnEENRFEFaH, 7280, 1006 REFMAT, HHUEHASHIRRTZHRIELRY.

3.7E80°C, 100% REZFMT, RAMEMARE OV RS TEEE.

P BB AT
Ealtee

LR ERT3 ® GORE®[i 73R fEM275.80

19

e ::};cﬂma&ﬁmmamﬁﬁﬁ /R R A A AR

BELHERTFTRBEREAT

I’;.: L KHY5%, FIEHKIARGERHE
® 16 — RLMHTBIEER,

0 1.0 2.0 3.0
BRBEIA/]
RAREMN
) i = 2 ® GORE®FHF3RHEM275.80
4.50
o ol S RROTIAR A RN
_ 5 I{EEER, SNEhEaE
£ 250 ASFNESARNT2% <2%—BEMEFEREAEET
S 200 WERE R LUSE,
1.50 z
1.00 e ;
050 [ TS e—m—g _—  O—— o .
0.00 = —
0 0.5 1.0 15 2.0 25 3.0 3.5 4.0
i(A/em?)
RAEWEK
800
783 MPa
RIRAIESR B R FRIRRIRE
£ - HRENMWRES © 18
§ 500 HRSRRERF 218 AR TS HeF 38 R AT 2AE KO H AR
] EE, MRESERK RFRIM
E 400 B, HMRRIRE,
E 200
0
HHENEERFRIRE  GORERFRIREM275.80
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7 ¥ [E Light Bridge A
Light Bridge R — X R MU THERLELRMTH —XBAKA N E, £ARTRAF
REEA, EEKEBEEFRZAGEMALNENIABIT RN 5. %58 BR = w0 S
(ALK) , ﬁ%xﬁﬁﬁm&k<mmu HAEERNKEBRAAEZEARETR .

‘il\ nghl: Bridge

7.1 BB AEAE ALK (A 4K)

WL AR AE ALK AR A R R E A g (7B TS T ##4E AEMEL) , 2 TVt
BEmesEAFFa s, BEaAR, R, SKENRE, BE (F8FEB 4
B, BATUEETR & RBEAN, BARARK, KEREZETFAL, B2l mmE
R (R ER, FRRERA), HXMEE (FRAMHEEARRORELETZHE),
RAARNEAHR (FENAREULERWES) ;

Light Bridge /A 5] B &% B9 4 M r AR AE (ALK) R A £ T RO A B R R, ERIKASL
EFRARNERZATmREFAR, AAKFeAH (BER - 10000 D ;

The development of high-efficiency Key component of alkaline water
electrodes based on the core technology electrolysis system:
reduces the system production cost; Nickel electrode

produces hydrogen through high-yielding
rate per input power, and, thus, realizing a
hydrogen production system that has a
long life cycle (activates over 10,000
hours).

Activation Area: 200 cm?

Current Density (mA/cm’)

¥ 588 88
H \
§

EE/}IL.\_L: B RG> ’Wf{?% A%%?E*T Light Bridge /& X A#Z Q& K,
EERMNEEBETAAFEGNERE E, WTERAT;

DLR, Germany 0.5 1.68 V at 80C
GIRI, Japan >0.3 1.8 V at 118C
Norsk Hydro, Norway 0.2 1.8 V at 80°C
Iht, Switzland 0.2 1.9 V at 80C
Hydrogenics, Belgium 0. 43 1.85 V at 80°C
MPEI, Russia 0.3 1.85V at 90°C
Lightbridge, Korea >0.4 1.75 V at 80°C

HAE#R B Light Bridge 25 i = £ F#+
7.1.1 INRTBAE/2 /3 18/5 /10 16/20 1§ 3 AE &
Light Bridge /& ¥ AR ft4d sr e ff 1, R EZEFERE@HWAE, 24/ NR#SC
ZF|F A RTHC RF;
INRSTHISC R oAy B, 248, 348, 5/, 10/, 20 &~ A S, wTHR.

74



LBE-SC LBE-3SC LBE-10SC
FREE LBE-SC | LBE-2SC | LBE-3SC | LBE-5SC | LBE-10SC | LBE-20SC
¥ 1 2 3 5 10 20
£ A E nl/Min 70 140 210 350 700 1400
A 59 & nl/Min 35 70 105 175 350 700
EREEV 1.6-2 3.2-4 4.8-6 8-10 16-20 32-40
HEEEW 2.5-20 5-40 7.5-60 | 12.5-100 | 25-200 50-400
SR FRP, Engineering plastic
e Porous polymer
B B 6-10A
TR E % E 15-70°C
WA R Alkali solution (KOH, 30wt%)
BEERER 15. 2cn’

7.1.2 AR~ 5 /10 #&/20 #/30 £ /48 #/60 A& 2 & &
KR~THICRF| 4 Hh 54, 1048, 20/, 304E, 48 4%, 60 £~ R A &

3 =2

, WA,

3

LBE-48C

LBE-10C LBE-30C LBE-60C
FRES LBE-5C LBE-10C | LBE-20C | LBE-30C | LBE-48C | LBE-60C
ik 5 10 20 30 48 60
5 WE L/Min 3.5 7 14 21 33 40
£5WE L/ Min 1.75 3.5 7 10.5 16.5 20
ERABEY 8-10 16-20 32-40 51-60 | 24-48 48-60
HEEE KN 0.15-0.8 | 0.3-1.6 | 0.6-3.2 | 0.9-4.8 | 1.4-7.7 | 1.8-9.6
R I B 60-100A 120-200A
SW R FRP, Engineering plastic
e Porous polymer

TR E % E 10-80°C
AR Alkali solution (KOH, 30wt%)
BEERER 177cd’

7.2 B EBENE ALK (R R R 5

Light Bridge A A IR EH MWl , TZE, AHFEF, AR EA=HET

REREE R R (MM, HEH. BEABRNRE) WERRS:; W THEFT;
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of
827

Water container
a8

Circulation Theromstat
W XN
enys

7.2.1 /NZH 3 500W/1kW/1. 5kW/2. 5kW/5kW £ & R 4

WABNF I AE, 44 500W, 1kW, 1.5kW, 2.5kW, 5kW, 10kW, 30kW. 60kW, 100kW
AANEEZ, M T .

f

» &
ot
LBEX-500/1K/1. 5K LBEX-2. 5K LBEX-5K
FRAS LBEX-500 LBEX-1 LBEX-1.5K | LBEX-2.5K | LBEX-5K
AR E kW <0.5 <1 <l.5 <2.5 <5
ZANE L/H 100 200 300 500 1000
AANE L/H 50 100 150 250 500
Tl E S E 50-80°C
HREEL 0-7barg
WARE 380 V, 34
StkE SR 99.5-99. 9%, EKHE: 98%
7.2. 2 A3hZ 10kW/30kW/60kW/100kW & & 2 &4

ANRE KRS HW T R

gt

LBEX-10K LBEX-100K
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BuBSEADER

FREE LBEX-10K LBEX-30K LBEX-60K LBEX-100K
i E kW <10 6-30 12-60 20-100
Z50E LA 2000 5000 10000 20000
£A0E LA 1000 2500 5000 10000

%8 (LB-C £5) 24 ¥ X2ea 48 1 X3ea 48 ¥ X6ea 48 ¥ X10ea

ThREERE 50-80°C

THEH 0-Tharg

BEE 380 V, 34

KSR SAME: 99.5-99.9%, A5LE: 98%

7.3 PEM BLAEHE (208 1K)

% T WM IRE X B Y, Light Bridge A ST LB 2 T A F 5% PEM B AW &
fEAE, B B, PR, BT RRBEPEM A&, £ B F AN BER, EHEEEES (&8
REEA BHREEEE) , HARLK (GEAMEEIRANRLLETEEREL) ,
EEENEEREE RN TS, FEAEESBRAN, RARFNHE, RIELKFHR
ERWTE, 44 /NRTHSC ZFIFAR T C £F,

7.3.1 NR~THM/2 /4 H/10 #/12 1 /24 & E 8 1k

NRTHISC R BB RS BT, 4 he, 248, 418, 104, 1214,
24 ANE S, Wi 5K T

FREE LBE-PSC LBE-P2SC | LBE-P4SC | LBE-P10SC | LBE-P12SC | LBE-P24SC
kg 1 2 4 10 12 24
25 RE L/Min 0.370 0.74 1.48 3.70 4,40 8. 80
£5ME L/Min 0.185 0.37 0.74 1.85 2.20 4.40
e B JE B (V) 1.7-2.0 3.4-4.0 6.8-8.0 17-20 20. 4-24 40.8-48
hEAEREW 2.5-20 5-40 7.5-60 12.5-100 25-200 50-400
BB Anodizing Aluminium, Ti (FIB M4, %)
JEAH Nafion
B B L. 8V &A 50A
BMEE 15-70 C
AR HIAEEFA
BHRERRS 25¢m

LBE-P4SC LBE-P10SC LBE-P24SC

7.3.2 AR /6H/12 18/24 #/36 1 /48 1 Mg K
ARTHIC AT BRI K BITE, 2424, 6/, 12/, 244, 364,
48 HEAANE B, M EE S M T B R

(¢
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FREE LBE-PC LBE-P6C | LBE-P12C | LBE-P24C | LBE-P36C LBE-P48C
kg 1 6 12 24 36 48
Z50E LA 700 1400 2800 5600 8400 12000
£A0E LA 350 700 1400 2800 4200 6000
e B JE S B (V) 1.7-2.0 3.4-4.0 6.8-8.0 17-20 20.4-24 40.8-48
R EEHE kW) 0.8 5 10 20 30 40

MHH Anodizing Aluminium, Ti(FAREAH4E, %)
JEA Nafion
3% EeL. 8V %A 5404
BMEE 15-80 C
AR HIAEHFA
BREFR T 270cn’

LBE-P12C

LBE-P6C LBE-P6C LBE-P12C

7.4 PEM BA#EFE (B R A2 5)
Light Bridge AT LR G4 T . THAE. AHAER, Q55N 4 FES )
BME S (M. MR REAMMEE) WEREG; GEDEMEE, BTFEERE,
7.4.1 /NTHE 5kW/10kW £ R B &
JN3h B PEM B ARAE £ Rk £ 45 & B A4 SkW A0 LKW AN HLAE, B EE A% T T

FREAE LBEX-5K LBEX-10K
I E kW <5kW <10kW
Z5RE LA 1000 2000
£ARE LN 500 1000
THERERE 10-60°C

THEN 0-bbarg
B E 380 V, 34
AR SA%E: 99.97-99.99%, AALE: 9%

7. 4.2 ATh = 20kW/40kW/60kW/80kW/100kW/400kW &£ & & 4
KR PEM £ & % % /.45 20kW/40kW/60kW/80kW/100kW/400kW, M &5 %4 T Brow:

FREE LBEX-20K | LBEX-40K | LBEX-60K | LBEX-80K | LBEX-100K | LBEX-400K
HFKE kW 4-20 8-40 12-60 16-80 20-100 80-400
Z50E LA 4000 8000 12000 16000 20000 80000
£A0E LA 2000 4000 6000 8000 10000 40000

%3 (LB-C) 24KX1 | 487 X1 AL | 48MX2 | 24MX5 | 48 XI0
TR E B 50-80°C

TREAN 0-Tharg
BEE 380 V, 34
AR SR5E: 99.97-99.99%, AAHE: 9%
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LBEX-5K

LBEX-5K

l/ I
gﬁigg{‘

LBEX-10K

LBEX-10K
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8 *[E H-TEC Education A F
H-TEC Education 2 & Bt/ T3 787 — (oY TAE i An At 2 Z LA KB B REIRBY R A 2 F
RO E TR RN F IR F G ERF £ K12, KEHFT. AFIH. AETRK.
REF. FEAHFNME) F 3 RHH. FEN. FFEFNRERA, wiheEi, Bg
EOCEAEAD) . ARE. AMRE. AMRERF, FEFELANERL T RBEE, I, X
BARTfReF et wEY EMFM TR, RGN SN %m0
RET, RAWFENZRARFIMAFTEMTARY RONINHF.

Q
.. HTEC EDUCATION

8.1 BH/RH

8.1.1 F101/F102/F103/F104/F105 AR B 3t
F R ZI MR Bt 2 H-TEC A B A G — RV F THF SR A MA B, XA TRFX
WM (PEMD) A, FEHAR. MR, RFXBELHR. REXS @M TE, £ 1. 2,
ANERLE, AR EAR ., AR, Ry RIETEEXNTE, 24 aEX
Mg/ B RAFEMER, 2RI ACEAEM B " FCF A/ E A M M . F101, F102,
F103. F104. F105 3 /A4 ot 68 5 4%

P& B | WA (HEER) | YR (BAER) | FEEE R g
e RS (mlW/mA) (il /mA) (V/nC) (i) (g)
F101 3. 6en’ 580-640/1. 5 - 0.45-0.95 | 51X51X41 | 58
F102 7. 2’ 1200-1300/1. 5 - 0.90-1.92 | 51X51X41 | 63
F103 3. 6en’ 580-640/1. 5 180-200/375 0.45-0.95 | 51X51X41 | 58
F104 7. 2’ 1200-1300/1.5 360-400/375 0.90-1.92 | 51X51X41 | 63
F105 14. 4en’ 2400-2600/1. 5 720-800/375 1.80-3.84 | 62X60%62 | 78

FI101-A B ot 2 F102-WA K et 1 F102- k4t &3t 2

& -
F103- k4 e it 1 F104— 4 #} &3t 1 F105- 4 e it 1 F105- %46 B b 2
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8.

1.2 FI07-WHr#H E A/ = KRR i

FLO7-F[ 4 #1 A A/ = A B H-TEC 2 8] £ 119 R o — FF T % £ F 0L 2
HeEmEMHFRE, EARTUREHFE, FELEERTHEAFER, L5800

TR A T BTN
F107-¥ 47 1 & &/ & AR e b g 5 30
FRAS F107
R TR (en) 16
i o (S EAE ) -3 4 SRR (ml/A) 1000/1.5
W hE (AR 4 AR (/L) 880/1.5
W o AR - S SRR (mil/A) 1200/2
M JE (V/DC) 0.4-1
AFIEEA (Pa) 0-2000
R (mm') 100X80X90
T8 (») 200

Fuel Cell Potential (V)

Fuel Cell Potential (V)

Housing Plates

Perforated plates ™ | l
with electrodes y

Recessed hexagon-head
screws and washers

F107-7] #F £ & &/ % [ A st
F107-MEA ] 3 & W o ot i v B e AR
XA RATA T H-TEC o #7 £ s ot 4 R B AR B B AR, B F & A Y 8B (GDL)
B9 5 & MEA. % MEA HY & 4L 70 f1 2 & 22 FEAR A0 fA AR 7 0. 5 mg/cm2 #Y 60%PtC F2 0. 25 mg/cm2
B PtB, XA UEAA/ZAEAFAA/ AAEA T IR AR,

RAE s 2V el 0y, (B RATE DA IR Bt [F 4 2 T 7 7 Bt 3 A7 o8 BE B AR MEA, B2
BIMEA BAMUEEFEA, B4R BEREHE N, HhETRE,

1.20
Electrode area: 16 cm?

1.00 s
0.80 \\\\ E
&
0.60 - 2
a
0.40 =
Q
0.20 ——H2 (3 stoic.}) / 02 (3 stoic.) g
e

0.00 T 7 |

0 50 100 150
Current Density (mA/fcm2)
1.20 -

Electrode area: 16 cm? -
1.00 g 2
0.80 =
L e
0.60 - = 8
, = s
0.40 T
&
0.20 + —&5—H2 (1.2 stoic.) / Air {forced) £
ll-

0.00 T t |

0 50 100 150

Current Density (mA/ecm2)

1.20
Electrode area: 16 cm?
1.00 1
0.80
0.60
0.40
0.20 —8—H2 (1.2 stoic.) fAir (passive)
0.00 T T i t |
0 50 100 150 200 250
Current Density {mA/cm2)
1.20 4
[ Electrode areai16 cm?
1.00 +
0.80 \
0.60 +
040 4
0.20 —+—H2 (3 stoic.) / 02 (3 stoic)
0.00 -+ T T T T |
0.00 0.50 1.00 1.50 2.00 2.50

Current (A)
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lllllllll

1.20

= 120
= i Electrode area: 16 cm? Electrode area: 16 cm?
- I < 100 g
-;E 0.80 g 0.80n  *
1
ﬁ 0.60 - 50,60 gy
— a T
3 040 5 040
-] 3
g 0.20 - —5—H2 (1.2 stoic.) / Air (passive) § 0.20 ~8~H2 (1.2 stoic.) / Air (forced)
L S
0.00 - T T T 1 0.00 -+ T T |
0.00 0.50 1.00 150 2.00 2.50 0.00 0.50 1.00 1.50 2.00 2.50
Current (A) Current (A)
1.20
Electrode area: 16 cm?
E 1.00 -
g 0.80 \
3
g 060
a
= 040
et
g 0.20 + ——H2 (3 stoic.) / 02 (3 stoic.)
_
0.00 T T |
0 50 100 150

Current Density (mA/em2)

8.1.3 F108/F109/F110 % #H K A AR it
ZAE SR E N st R AR A e, BT R, R MR B R A
HE R, RIEBMEEAHKCTE, 4k F108 (3 #3k) | F109 (5 #3) | F110 (10 #H)
EARE, EEHEWTHR,
AAESH:
« MABEBMEATH I E: 200 Z R (ZEER) ;
c BAHMBMREARE SR, 33BER (FEwEE, SREER) ;
« BAE B EEE: 0.4-0.96V;
s BAEMEH: 3. 0cn’;
s AT ITAEEA: 0-2000Pa
F108-E €A B s it = HE S
F108 & &M B it Z A = MR MW AR A AT R, RERERY
9em2, AZEABEATHWEREINEN 600 ZR, EHEER THMEIIEN 900 ZR, &S
AN, BREERFARET, ZABBHENL 1000 ZR, EEFENERALL
REMTEAT, HARBATESTFER,

Cusrent Collector
Guide Pin
Megative voltage
measuring point
Sealing Rings for Positive voltage
::\::imt H, measuring paint
R o 2 A F108 5 2 A0 B o0 = 3k 40

F109-& €7 B it T AL S

F109 B G Sl AAE R by ISR A SR B AT %, REREMRY
15cm2, EEAERATHEREINEN 1000 Z R, EHEER TWHE HHE N 1500 2R,
EHEmAN, BREERFARET, IAMEIENA 1666 TR, E2FENERAR
W EFHTZAT, HAXRAETRESHTSE BR

8 2



FIVIEE ThEe#t#E& 5K Functional Materials Expert

lllllllll

F109 2 S AW e ot A S
F110-EE 0 st Sl
FII0 B A SR b+ R A i+ MER MW EEAMB B A AT R, BERERY
30cm2, EEAER T AR EER 2000 2R, EAHEER Tk H3hE A 30002 K,
EHERA BREERERORAT, RARMHEIENA3B0ZER, EXRTENERAH
ol AT EAT, B AHEXRA T2 ER.

F110 ZVE A e it + SR A

SR
i ARWAERAR B ETBITRAER, UAFIR R,
FRAE | BN | CRERAER | RRHhE R+ REE
- 1 3 cm’ 300 Z R 60X50X20mm -
F108 3 9 cm’ 900 Z K 90X70X60mm 150g
F109 5 15 cm’ 1500 Z K, | 130X70X60mm | 300g
F110 10 30 cm’ 3000 ZF, | 200X50X20mm | 500g

8.1.4 R103/R104 ¥ S &/ % KA K #

A E AN THEEER —AMHERNEE, REZFTE AL/ ZAMAERR
H-TBC /A 8] FF & 89 — 2K 7T 3 S AMKAL s, & A LAME MR st ), A o] DA r 1B %
HEEH AR MAR, L+ RI03 K EFKEM, RAE—AKUE, RI04 A RZEH, HH
MRBTE, EHUESEE TR,

R103. R104 # # & &/ = AIAK A B M RE S 2 0 T Fror:

PR A R103 R104
B AR E AL Cem’) 3.0 5.8
THEEA (Pa) 0-2000 0-2000
MR [ oh S A A KD (mW/mA) 500/750 1000/750
X o E E AR (mll/mA) 300/300 400/300
B A S EFE (nl/min) 7 20
13 #H € FE (ul/min) 3.5 10
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| AEFHE (mW/mA) 1700/1000 5500/1500
Rt (') 50X40X57 56X42X57
g8 (9) 52 63

R103- 4% B[ A A/ % [ MK B

8.2 WA RS

8.2.1 E103/E104/E105/E208 WL A& (A )

E AZ| B AE 2 H-TEC A B Bt A B — AT AR A&, LEmasE: AR, K.
RFREB (PEM) , e iEag AR g, B @Ast e UHIAR. RIEKE
ERAAE, A1, 20 ANREE, 2ABKRAER. XK, DREHE, B208 A 7 14

W, HEESHED TR,

E103. E104. E105. E208 B #1014 4% 5 #k

R E103 E104 E105 £208
EREH (en’) 3.0 6.0 11.6 16
RELERR (W) 1.0 2.15 1.65 0-5
BATfERR (W) °° L5 3.0 1.8 /
RERRTHIERE (V) *° - - 7.9-8.0 0-2
BABATHIELE (V) *' 2 4 7.9-8.1 /
HAEFEEZ (ol/min) *' 10 30 46 35
BAFEHE (ul/min) ** 40 50 /
FAEFEEE (ol/min) 5 15 23 17.5
EAFEHEE (nl/nin) ©° 20 25 /
THEEA (Pa) 0-2000

R (') 51X51X41 | 90X170X135 | 75X71X53 | 180X80X90

€ () 58 62. 4 82.2 200

E: ol Fim =B FASREE A

2. 42-45°C i #h =B F A F A A
S EMMEERLRANE (FEHAEEES FAREMLA)
4 1 LR AE A Lo AL B (fE R 42-45°CAn i £ B F RS E E A

E103- 2 1% & ff &

E104- 3 #% e # 4

E105- 19 #% B, 42 &

F208- 7] 4 #1 =, #% 1€

E208-MEA ] 37 51 o, A 18 AR v B e A%
WA RAVR T H-TEC ¥] 7 &1 e A A2 9 A5 & FE s A%, % MEA B9 48 14 7 97 2 & 72 FEAR A0 FA AR
M A 2 mg/cm2 B9 IrRuOx #7 0.5 mg/cm2 B 60%PtC.
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R vt & T AR T B, E R AT DU R R T 4 2 T A B e AT R B B AR MEA. B
HIMEA BRFTUERGER, HE2FE AL BEREEE M, HETE,

2.10 2.10 -
2.00 4 Electrode area: 16 cm® 2.00 Electrode area: 16 cm?

E = 1.90 1 E 190 -

2 180 22 180

is 8

> 170 >% 170

&S 2 ° &

H - 160 £ S 160 A

=8 150 i 8 & 1.50

w =&==Room temp. de-ionized water o = —E—Room temp. de-ionized water
140 ——Slightly warmed de‘ionizéd water 1.40 ——Slightly warmed de-ionized water
1.30 1 1.30 T T T T T T i

0.00 2.00 4.00 6.00 0 50 100 150 200 250 300 350

Current (A) Current Density (mA/cm2)

8.2.2 E101/E205 B4R (HH)
H-TEC A S BEEAN BB L T — R0 A4, AfaEe i miE. Ak, #4
HE, R, MEEHEERMY.

E101- 3 4% 8, 7 A8 4 1 E205- W A% =, #8 #& 41 1

E101- 2 4% B AR AE 28 . E205- AR e A A 4 CE M g 5 8K
FRAS E101 £205
ERER (cm) 3.0 6.0
RELERR (1) 1.0 2.15
BATMERR (W) 7° 1.5 3.0
FEERTHIERE ()7° - -
BABRTHIERE (V) = 2 1
HEFEAEE (ol/min) * 10 30
BAFARE (ul/min) ** - 40
EFEEE (ul/min) * 5 15
SAFE#E (ul/min) *° - 20
T{EEA (Pa) 2000
2A/4A%AEER (L) 30 80
R (mm) 170X145X92 90X170X135
28 (g - 290
£iE ks ks

E: L FlRES FAREMA
2.42-45°C £ B F K #F E MK
e EEER Lmtile (ERAZFRESTAREMAO ;
4. TR R LR A E (fFF 42-45°CIm £ B F R B #F ZE A
8.2.3 E206/E207 BLA#AE (HIk4)
H-TEC /A 5] i@ 33 ¥ s A8 S B3R b, AR M T E RPN SR L ERABMIE, 245
BRERR. EAHE, ERRNEHERE, BREMERER, 2HEE, W THEHAS:
E206- 3 AZ S e, A% A% 20 1 . B207— LA Sk e AR AE L HH I RE S %K
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BuBSEADER

RS E206 E207
o A AR A 3k 2 4 T4
FlEEE (FEHET) (ml/min) 65 230
FlEAE (FEHET) (ml/min) 32.5 115
AAMBE A (ml) 90 90
AAMPE A (mL) 130 130
AAFE (mb) 80 80
25 FE (nl) 40 40
AFITEBE (V/DC) 0-4 0-14
AT TEER (D) 0-4. 4 0-4. 4
g D 16 56
AFIEEA (Pa) 0-2000 0-2000
B E A (em®) 2X16 7X16
A~ (mm’) 250X250X120 250X330X200
g8 (g 950 1850

E206- W £ S o, #f & E207—-t £ 3 o #f &
8.3 REHMH

8.3.1 J101-¥ AR AFHRE/ S 86 B 4
J101- 22 AR A FE B8/ L8 R B HAF &4 — H A PR RE B AR . — AN B sty — e
— 5t 30mL A, —ANNRE, FEEGHREERERR L, THFE W TERT .

N T
S 2 o
% e / 3 b |
RREll i 7 4
<20 J Y= {
€ L e =|
\ - I

[ s e

8.3.2 J102-K# I AFHRE/ S REREA#
JI02-BR $ IR A FEBE /B EE BB A 4 — R RFE R B obAR . — MR R B ot — o A
St somL A, —ANNRUE, FEEAHEEEE KRR b, TEAE, HET J101
A, BEEAMEAE (WTERT .
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8.3.3 T207-H& A BOR M B F R EAH
T207T-E AR K B E R E A BB AR — R AT EMR . — N THEAEA/ SR =
W, —AMNEHZANE. —3 300l EAHE; THARATENE, BEEMNEEER (BT
HATR)

&
8.3.4 TI126-%EA R AFHRE/ ERERE A
T126- 25 A FE 88/ B8 R B E 04 H — S K PSR LA . — AR B, — i fE
. — ot 30mL A, —ANRUR WA BT AR GRS SR, BT J101 A0 J102
A7, RERAFATHARBIRB YR E L ERR L, TUTHBEEHFHTE, Hb
FREMAFE W TEFT .

8.3.5 T203-H AR AFHEE/ AR R B4

T203-BZ MR A FE 8/ A Bk REH MG AH—FRK . — R AR, — AT H A&
W, —ANEETSIRE B, — A, R 30nL A, —ANE R, —ANRUR,
XETHALEATY — R TEE, RAETATAME-SEHMET (W TERT .

Ve
-

folin g
b =

8.4 ERKE

H-TEC A 5l REE I AR b, FAYT ERELRTHAWETEE, HETFAE
Y, BRANHTHE MRS, AHEMEE,

8. 4.1 D203 R e o %/ tm & 3t 3 Al IR VB R R &

D203 Kt B 3t 25 / i 2 3 2 B AR R R & LG — MR N | — 4 A PR ARAR . —
ANEAEAE. — i SOmL B A, FERTMABERE ENENEFEL (W TEFT
B — AWM N ER BTN, EAGREMRE, METEREE,

2 i

&
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D203 XA A B 3 2 / fm A 3 2 A BUE R R &
8.4.2 D114-AH W%/ I E 35 A R IRIE R K4
DIL4-YA A Bt % / S A B E R R & @48 — MR EH/NE . — A KFE & o
W — MR RS . — N AR A, EEE S AR B ENIETER (4o
TEERT , m#— RO ERNERELERTNGR, ERAYEREMRTE, MNETE
X,

D114-YAHH B 3 Z / fm E 35T R BUE T R %
8.4.3 DI11-AFHRE/ A REEH FER K&
DILI-AKPFHEE/ ARG FHET R & GBEH — M RE SR ERE, — N KEaE AR, —A
TR B, — MR AE, AN BETNA AR B BER, £ E R A
ARWEAER (WTEAT) -

D111-APFHEE/ 2 BE1E 3 5 VB R R &
8.4.4 D201- A FHgE/ S REBL A HLIEE TR &
D201- A FHEE/ S REBX & BLb VBN R & B4R — Mg . R AFEEE iR . — MR
B, —MNMNE. ANEEENMEEE, EEETAMGE/ ARG EBNITEERX (&
TEHT) o
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D201-AFHEE/ 2 BB A B b R L 4
8.4.5 UlO2-AFHEE/ A RBEAR LXK E
UL02- K FHEE/ G R £ BG4 —EAEMM TR E, — &Nk b
. —AAKEEHEAH. —HEE AR E AR . — 5 B B Prod. 0 (&34 |
—ANRE . —OAFERERT, FEAFMNRAGAHEH — BB, a0 TEFT,
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9 %[ Flex Stak A
Flex Stak 2 — RKAL T & ERZ WM A5 thin e R R A 5], Bl THE & & R
B KA R 1k &, EIE A AR B (PEMBC) . EL B 7B R Bt 3 (DMFC) . 241
TR L (VRB) . BEER WA AL et (PAFC) . A A8 (PEMEL) %, T2 A THF. £
Bk B 2 R B e R/ B, Flex Stak #AE 2 8 F Ko

o .\sl. B 'Iﬁ |1- ; \II
Iﬂ”g Flex-Stak Line of Products X i\’* /

9.1 Flex Stak 1/5/10/15/20 # 3 & &% # & 3 (PEMFC)

9.1.1 #R

Ji T 38 e PR A L (PEMFC) , & — A FI Bl & A Fn &R B A fkAC, Bl B 7= A & Fo e,
NHEE, KL AKEMEAE RN, FHEFERAR. R, FFRRE, ARMNENAR
ERAFER TR AEEMER, AREE Fha T, AFEISEBEEIAR, 48 F&
WH R T REEEEBIAR, ARMNERLAERT, &8 F. £F. &R KA & KA.

Flex-Stak A G FF X MR g EEB IR ITREMFLENEEZNT K BERAN
BAFBYIR T, MEA B DA AL 3 M MR R st o e R SE R 7 — AP R A B (5|4 AL PEMFC %
BB PR SRR B MEA) , BIH B AL A

1. 3 3T ] & B O MEA, B 3 " DU A B ik 1.5 RO R H h = (R AU A B it) 5

2. BRI BT UAFE S AL, TUT BRI &S 20 gk,

J.ERER FII R BNAAEA, BFEFNAKRY S

4. BLA ] B # 64 PEM F7 DMRC i ;

5. ] LL B o B e SR B AT

PFE Goskat
Giophite Anode End Plote

Guide Dowels

Cunent Collector Plate

Plastic Endplate Assembly

Flex-Stak #14~&H
9.1.2 4%

Flex-Stak BVEERMAEEMA A trA $E R, 585k, 10k, 156 EHh, 20 Fhk
AMERE, BENMNAGTUESERZE T AERTET BAERRITESETURAGHBRRGY
R B AR o =K, Tk &R MEA AR R, B S 28R it 2 #ATHE AT H
I, Flex-Stak A8 WHEHF M A E M AR E —FHENFITE, JUUHEFY
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PURREL R BRI A.

Flox-Stak &SI M B A f B 35 BRMAT. 5 B8 & TR/ $AAT. B i 0 PEMEC
NEA. B H. BRI ARES. RENHE, BHAMETRNLIN, AHAEHE
.9 PEM o MEA 3 /7R, 45 3 Flox-Stak M VL8 L B — 18 F kM2 T B G 4 F (<
SESTAVESE EOR

15 H3R EE A 20 A A A ML A
9.1.3 BHASHK

o MEA VE K M: 3.2X3. 2cm (10cm®)

« MEA &R ~F: 5.3X5. 3cm

s HEMAT (KXFXE) : 6.3X6.3X0. 4cm

o WHAEM: 8-10 in-1bs
9.1.4 HESK

il B 5k | 1045 | 15 #k 20 £k
s E W) 0.25-0.35 | 3.0-3.5 | 6.0-7.0 | 9.0-11.5 | 12.0-14.0
R (V) % 0.45-0.60 | 2.3-3.0 | 4.6-6.0 | 7.0-9.0 | 9.5-12.0

A A EHAEE (mL/Min) 10.6 53 106 162 400

El: WHEREHERETERANBHRAZE LBEEX;

7 2: &> Flex—Stak ™8 #7# T (B JE 3 % 78 0. 45-0. 60V, {23 &7 0. 4-0. 9V Z |8 &
W, BRFATEETEMEALZNAR (NEANERESFHERNEE, EPWEREEAE
BEE) , BE, AANEEMAENRECEESETHE (REERBER) BEPREEMEA,

10
g
g -
74—

W = Yaolts

—. AT s
—a—atts

O = kW A M

IR o ot Ry Sy Py ST 1
LV [T FR 7Y N 25y FR 5 N [ P T

13 3 ¥ 8 11 13 15 17

10 M2 R H ot e B 5 S
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9.2 Flex Stak 1/5/10/20 %3k B 4 ¥ 8 K} &, 3 (DMFC)

9.2.1 #R

H 4 IR E A (DMFC) , 2 — A0 F B B A A AR & AR Z EALBE, BT 7= 4 3
EREAWEE, 5AAMHL, FETTELRS, FUECERTUMEE S WIS
ST EAEAR., R, RSB, ERMEN FBER, EELAGEAT, FEAA
KEGARE, £RAEFH_EMARULETF, BF B EEE RN, 48 FEL
A R R B AR, BRMERLFERT, A8 F. BF. @AKMERK,
H AL R AT E BT R

g
I

H A

H* —p @
CHyOH = (] P B — & @ @ ()¢ 0,/ Air
H* &

&
co,{3 © Ht — &58 = H,0

|

BEEFERAEEERER
Flex-Stak B # ¥ EZ AR sl 4 10 B 48 B m iR B 2 B 6 WA/ S ARAR . & 1 RE Y DMFC
MEA, B, RE#. STEMS. FEAAS, HBAHAERTHFRAZITH, LFEAPE#RE
T #9 DMFC-MEA S AT, HELAG A F T LB 2T Al ERF (<50 E~T8, 1/4 %
ST
9.2.3 FASHK
* DMFC # MEA & K @ #: 3. 2X3. 2cm (10cm’)
. EA%A&E’J%WJJ? 0-20mW
o FEERE: A% 10 mL/Min
s HEERE: 1M
o TEARMEK T E T 3% F B ISAT
o HHEMALEM: 8-10 in-lbs
HWER, DIFC AHFREFHE. BWEM 1/8"FHERARE, UHBASFAH,
9.2.2 4%
Flex—Stak HyAE St B 52 W B MR R Bt 28 ¢ A 3R L 5 3R | 10 483 20 #E 4k 10 A4 D
BV A WO EA T U A G R NY BRI R # o R ACE, Tk & X MEA 894 % K
I B B R R et R R AT AR R £ L Y|, Flex-Stak /B HY A 8 F B2 8 s 20 2
—HHEWF I TR, F LA AR B SRR R K
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10 1 3 2 55 B B A ) B 3t
9.2.4 HREWZ

Direct Methanol Fuel Cell Flex-Stak [1-Cell Configuration)

0600 24 )
—e—1-cell IV curve [passive 1M
MeOH, Passive Air, RT)
0,500 0
S 0400 16 3 —=—1-Cell IV Curve (passive' 1M
= E MeOH, Forced Air, RT)
=
E 0.300 12 s
E &  —s—1-cell Power Curve (passive 1M
& 0200 & 3 MeOH, Passive Air, RT)
0.100 G
——1-cell Power Curve |Passive 1M
MeOH, Forced Air, RT)
0,000 0o
0.0 250 500 750 1000 1250 1500
Current (mA)
DMFC— 2 4% & DMFC 14 & g 4
Direct Methanol Fuel Celi Flex-Stak (5-Cell Configuration)
= 5-cell stack IV curve [Passive
— 1M MeOH, Forced Air, RT)
s H
@ [
a
g 3
] <
" -
[} (¥
E E ~—G-cell stack power curve

[Passive 1M MeaOH, Forced Adr,
RT)

0.0 250 50.0 Y50 1000 1250 150.0

Stack Current (mA)
DMFC-5 #£ 3 DMFC 14 &6 dh %

9.3 Flex Stak 1 3 A 47K e H (VRB)

9.3.1 MR

AP B (VRB) , 22— Ao WRm e, FALLES AN FETE
WP e A, RATRANESHAB FREENFHE. AREEAELRFRBELB.
A AR R U, IE b B AR R A VO VO2+ B T, B P B AR R A
A VIR V2R F o B AR R T DR S LRk A — R R B4, @3 AL Z4L(V205)
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WA AR (HS0,) Fo ZAREER FREFBERME. /£ VRB F, A s 4 M Ao
WERIEEMR L, XEREEREN SRR BT BT, KRBT ERMES T,
AT HEREASEM, TURTY RHENEEAARGEMHEE, B TR EER
THMLESTEAZR, THOETEMRL, ARMEEQWRA, BHEAHEZ XM
REFEA, & FLIRUR R By B AL R 2 0 T TR

F#: VO #HO egg VO, +2H'+0
i

ik: VI hrae Vi
- ¥ e
BRENYO" + V' +HOgmV’ +VO0," 4

IEH e

0

AR ——

AL b (VRB) T B3

Flex-Stak 7R Uit B, 71 46 £ @45 4 # N\ B L Wysm iR . Bk A . JEVE B9 PVC = # CPVC. & it
AR, HEW O FER, B md R, BYEERTHARITN, A AP EHETH
MR R F A BATIR, FEEAHERF TP LB 2T AR

9.3.2 4%

Flex-Stak W2 PR B A 4 (VRB) Bar g 2k — M E, THEEZAH KN
. B R B IR AT AR % L BRI, Flex—Stak /A ] B A B4k R R B ot 2E 2 2 —
FHEHFEI TR, TGS fEBE LI ERE AR,

B B 4L VR U B (VRB)
9.3.3 BAEK
o BERFEHREMA: 3.2X3.2cm (10cm’) ;
o WO 4

o JRi%: 10-80mL/Min, 1A@1V 7 B4k A5 T

s TESE: 1AQ1V;

o ARNRIEN, TR E;

« R~F: 3.25X3.25X2 in (8.26X8.26X5. lem)
o HHEMALEM: 8-10 in-lbs
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RAER
1. &R B E A 10mL/Min FF38, && A4 9 100 mL/Min. BREW &
FL AR B 7 R AR
2. Y A8 B R R Bt Y B T R R R B, AR RT AR o IEAR A SR B T 1
AN REMAHEARETHE. BUWER 1/8" R M kA%, UHBFALt.
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10 # 3% Horizon A &

Horizon Fuel Cell Technologies & 3L F 2003 £, FEEFEHEMB A M, B
REMMNFRAE £ RN ZEA, BIR R AR E Lot w =& fn T A 2013 4, Horizon
Educational M i A — AN sy#6(7,

T WA BEIRHE, Horizon W AR T Wk Z B A s it b 3, ELZ IT & A 10W-5kW
PR A KRR B ot e 3, [B] B RT DA E | C30-40kW B R A SRR B 3B, R 2 B,
K& R AR AT BE T TR VT AR

Horizon

Educational

10. 1 Horizon Educational #H £

10.1.1 FCIJ-11 MM e ZEERAH

KHEMA B ERTAGESENAT BB EALRBE RN ERAEL B
I, BRI R RH e AR A Ry BB, A AR AR,
@ F PEM A st 4L B, TR BB R T HEALS, HTATE A RUE Y
BRI AT A TN,

FCIT-11 PR R T A M4 AT LR T

1. TE o4 A gk,

2. B 7% HA S ACPH B H AR B B2

3. B 58 FH 22 % AR 8E o, A B 5271

40 RARAL A B XA PE RE B AR Y R

5. FHAFHRE MR R AHEES (FETHESR-BRBEE)

6. AR AKEMEFTAAFER;

T.HRFRA. AKX iR S s

8. 4 E K B AR BN A (R L JE

9. B A FE M B AR 1

10.1.2 FCJJ-16 AFHgE-EREE A tF

X A FH - B BRI T A T DLAE S A TR R R . K T AR AR Rk B2 B AR R
T RMAANTE CFEEREANA TR ZHGEE T — AN /DNE o) Dk F s e K vt Fr /8
MR, EATENTHARBEREP IR FH, AREE%F, RTUBREREANEAN
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FCIJ-16 AFHRE-SEREE A7 LT R T

1. 3R Fh A 3t A FH &8 B o i B B2

2. ¥R 5% FH 5 A FH Bk B AR B R0 P

3. WA AL A1 X A FH RE B MR B B2

4. 4R A FH BB L AR B A T

5. R KM A D RMEAR;

6. FIF S AR Lt K HL

7.5 KRR /N R

8. TR AW AL L P AR M

10.1.3 FCIJ-20 F AR Sk B /N F

XFEMB B NEFFE(TERT REANEEA, ERT MNAFEREL B A F A
MRt NFERREE, A EMEE T AT A B G4 v ¥ R b AR, X
E—ANEEERATE. o, PNETUMIER, DB EETEEY.

FCIT-20 AR SRRt/ N T A HATH LB T
L/NFERy 2 R Fn R 1
2. ¥R KT A TH B B AR B 2
3. TR R % A RH 88 8, M B9 2715
4. WR AL A B X A BH /8 B iR B 2o 5
5. FHAFHGE MR AR AIE SR (FEEMY EW T EHAER) ;
6. & M AFE AR - 2 AR AR
7. WEA R AEM A AR
8. B E K o R JE
9. # & S AN MR ES .
10. 1.4 FCIJ-22 ZEEMRAL e ot~ R G V8 = 44

97



FMEZ ThEe#t#E& 5K Functional Materials Expert

nnnnnnnnn

R - R EE AR THARERCER e T, SRKEZHER
AR KT EE A RFEAE TR, XFETAMRELEEA N BN TR, &
MEBELFEWN, TFEMRE, SFETUBTHON, TUATHREZT - RBEHEA,

FCJJ-22 T BEMRRL e X R A 47 ST L B T

L HRBERCEMALR

20 R L R AR M

3. R Bl B IR A R R B B v

4R EESEE R

5. TR E X IR B A v

10.1.5 FCJJ-23 SMH MM FFAZIR

Horizon Educational /A 8 FF & B4 1X #h @M FH Bt/ NEF R, B HFREWHIN, BT
AEMBEIFNE, TURRKRERRNATREAR, RRAXRWAFEA. T ULLEAE
B e K A A AW A LR A S 4 AR B TR —— R 2 o A A o 3k AT R o A B 4 o
LED FRHA K B R A # . BRI IRE T £ TR, @ (e R) £ “ K E X" Business
Week IDEA. Metropolitan Home "Design 100", ID magazine annual review. Business 2.0

Bottom Line Design Awards.

FCJJ-23 SRR s/ N A ZRCT A AT R BT

L H A R F

2. | F A FH #E B AR 38 A A

MR LERIKE, WEBNAE;

4. T fRIRE B A

10.1.6 FCJJ-24 Horizon BEJE M| &

Horizon Educational /A & JF & #9iX 2 Horizon 8¢ R M & & — H # F A 1F & W1k
&, AHPCUEHM, ATELE S 2 /7LD RES Vindows i EAL FLUEH 7% &7
MEEARFME. ©HE—N24TLCD BE, FIUNEFNEE, EREHT —MEAHNTEIREE,

JiF
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BEIR WS B et e, WA USB D, LB EALRESN, EHTUSTEMN
—RAER, & LA BEHAT AR i fr M A & AR I & o 203 b &5 7T LA R
ARBARERMEHNITHE, NTIRE - EBEICRBKENR R, BT &, TFARM
THE . SR M. A R A IR ALE ¢ Fr A PE AR B MR B9 A B E B AP RV s B 7T LA 52
BrEAEE. B, hE, EF B, EER A RBAEE - frag X LA LLEREEF M
!

Horizon &EJE WM 2 5 Horizon EMMH F LA G T2 FE X,

BE., B, BE, EF. B, EEAEERAE N EHA- RN ERTEREWN
Vi R SR G e s BB B BE . Horizon &I Mol 28 ¥ LAY B sz 30 ¥ An 3 37 52 5h
TREE, FH R AR EEH S E A (FCTT-56) . ] F A& #E IR R~ 4 4 (FCTT-37) Fu g AL R
H % E R A (FCIT-39) B R T A,

FCJJ-24 Horizon &V MW 5 By 4 & :
1. 5 Horizon A B EMA¥#H T T E @A F A,
2. 5 Windows. Mac 0S. Boot Camp &A% 3# % ;
SCHUEZENREMERA, A EA EKH L
4. T LUK B R #5098 5 B 7 Excel Bt CSV & = ;
5. AT LAFH — BRI Ll R, U EEKME
FCJJ-24 Horizon bJE M| & By & &2

1. & E: 0-28V/DC; 2. BR: 0-1 Amp/DC;
3. R, 0-28W; 4, EH: 0-999 Q;
5. fEE: 0-65535 EF, 6. 3% : 200-2500;

10. 1.7 ( FCTJ-30 #r & gb R #6441 4
X FCIJ-30 A RERL I H M BR T A3 AL AN R IR #2300 X, 7T DLALF A (1317 %
FRE, AEREARZENXE TR, N ER LB EBNGETERAE . WRIFEME
BB B R (B3 A LB MR st . 3R AR A e ot o T R A BB T A e B R LD
SRR LR ] # 2 6 7 £ HYDROSTIK PRO & B A4tk S HAveb £, hsh, AR L
RERETERELSR, AFELENERLENERE,
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FCJJ-30 # & g IR & #e A F o] AR AT L B T
L E R S E i (BB ok ) N ERES
2. FI3h AR AL N E R BT A
3. JFI A FH g8 s AR IR 3 /N 2
4. (B R R FEZ WA N NERBETN;
5. ATERAMEA (AR FEaNY) H/NEREDH;
6. B A R

10. 1.8 FCJJ-34 & At

RHEHARBETAGAIR LA EERELRELE, R T —HHFWLEEA. &
RSB ER, TUEN AT BRI A e R R IR, T L DL R R
Rk SN Ak

FCIJT-34 #AH A T UAHTHELE T

L HRERF R #EABERL A, FH/ANR R

2. AT B Bk E T B R AR R A A

3 AR T A [ B U IR P X R e L R B R

4. E T 5] 9 3 ACUR B R 40 AT e R e e R B R AL

10.1.9 FCJJ-35 #7& MK o K ERA S

FF AR AR E A ER T B AR BRI EREES . ﬂm%%i%ﬂi%
FHERefEraBNEENTFE. K5, BT —NMNE, REERBEHZNEE
F g%, @ﬁﬁm%”“@k%Mﬁﬁﬁﬁ%ﬁ%,%%%A%%k%ﬂ F%ﬂ%,ﬁ
EREENS BB ER, THENT, BERAREMHERS. ERAEEBEZRFEGNYA
RE L, BETRINWAETEHRZH TR, XRREFEEEMERENERATE,
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o o
T\ S . ﬂ"“lioﬁ?gtlTDH

FCJJ-35 ¥A B LK e K E AT USATH LB T

1 %5 FHEENHEA;

2. % 5] H B AR AR A

3. FI A AR B PE A  EE NRUB

4. FU B 42 % o HLEY HLAR B8 4 /0 R B Bt

10.1.10 FCIJ-37 W 4 BV E N4 4

XHTHAGEETAMRTT TH A ERME M RS0 TIEEE, FI A A M6 &R
HEHRH B WA BN R, FI R R A A AR TGRS, EEE
WoEHE, £ PEM AR b HE RSN A, MR — 5T B REREN R %,

S

J~f\'“g}*ﬂ;
\ v llG :
FCIJ-37 B AEETAMSF T URTH LB T
1. APHEESZEE:
1.1 & A FH &8 B o i B 2
1. 2 FE A R4 A PH Rk o M AR B 220
L. 3 R4 fA B2t A FE o R 8 %20 5
1. 4 R 3| AP & B A B f A 3h £ &
2. LR
LI HRENAKFEBEHERFER;
2.2 R R EE M A s & H
2. 3 K AR KR
2.4 7 E A AR A B AR M
3. R & B R
3. LR R A K AL 7 O o E W
3.2 WERA R Z M A BB s IR B ot | AT R E
3.3 WK B Hrt rH#AT K H
AR R B E;
3.5 &R A & B HLH A E
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3.6 HEMN K BALEA S B,
3.7 & A H A B SR IE o o T
38 HEARM A KA,
10. 1. 11 FCIJ-38 #T & iE 2 & s g R4
X H AR 2 K o ot R R BT R R T R, R B AR K R
K EMAARERTULET . SENWFHNEEZ R EA TR, % i) E 4 (K.
LED JT A /MR T LU R & e oy R M, ] B 77 NI 3 IR B A K 8938 8 Ak

FCIJT-38 BB AR o oo 30 7 4 1 WO 4 XK

LA FRZE Ak K,

2.LED fu M GHER B R T T AW R = 7

S ERLENYEF ] AR E;

4. Ft# CD. L%, REM 2 MEEIT

10. 1. 12 FCIJ-39 # & R A & s iR A #

RFFERNA R BERNEAGR —EMARER G, ¥R Bk, R
BAEXRE) #ARE, TURERXERENTHE. EHEFEF-MHEENRT A,
EHRBRHETHFRBARNRARE SR G, TUERZ — RN ER F#ATESE, Ftb
Wi HE e

15 B A M B9 LED JT, W URAE K & B R Ge v 3 % 3% LED )T R o FlEE AHE T,
N T HATHRHAATEAFRN LR, KL UIGERENE (FCIJ-24) o #F 2% LA
BN AT FFEWEE, H4 A Horizon K, KT UHTAELR,

WL BPFAARRE L MAALBERANE, TURAREE, BRMAL B E, RITHE
BT AR KR, AR KRR 1E A A A BEVR BN & 77,

-

FCJJ-39 FA XA R CIET AT UHATH LB T
LR R & B & o o i o R v 5
2. R ZF TR W E dr ot AR K R
3. Bl R A
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4. WE R R BN KE;

5. ME FE AR E;

6. Wt LB oA I E

TR A E B B R A R .

10. 1. 13 FCJJ-40 Horizon BEIRERE

KE Horizon BIRE R EEE AT L MERETH S IETEN, BFANALE
M. HAEN, AR BN, EHELEMAEN, BELEEM. KHgEm. 2BAL
MEAfEE#E., FELEN. KFHEbR., BEFEAESE,

l

/\\
|l
SO

&
e F !
o -

FCJJ-40 Horizon REVRVE R & ¥ A#ATH LB T

1. A FHBE B o

1.1 3R & A Fo 38t A RH B B o AR B9 275

1. 2 3R FH 224 A PH Rk o M AR B 220

L. 3 HWERAA A B 2t AP gk s AR By Z20

1. 4 4R B A P & BB AR 8 oA 3h 2
2. U 2 & H B

2. 1 RE R ARG /SRR e

2.2 WER R B A GBI BN 2 A & 8 AL
2.3 BN
3. AR

I HRENAKFEHBEHARFEAR;

.2 WEFEAEM A s & #

3. 3 E K AR KR

3.4 Hh A AR A M
4, FEL B/ BREEEELS:

LI RRFHEEMA B ELR;

4.2 T R AR R A E B IR A

4.3 IR R A tEee 25 B /N R e
4.4 F| Fl FH2 di 4w /N KR e,

5. R & B %

5. 1 R R A & ALt 7 O i o E W0
5.2 WERA R ZF 4B & s Ik By vt | 4T & 85
5.3 W& B H| vt #AT L H#;

5.4 WE R K LI E

5.5 & X A & s HLHY fA 3
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5.6 H &R A & AR AT E W

5.7 W& M A & SR IE A 2w i 1 ol

5.8 RERAAM A R
6. 3h A K LR

6. | REFN AL ABER KA, HHNREEE;

6. 2 AT A B IR BT B e U AR R R AL

6. 3 ¥ & A [B] B9 VA R IR B X R R R TR Y R

6. 4 1 1 T [F] B9 3k AR & R AT L i A L R B R AL
T.EMBER (ZERBEREIR)

T1HREALELE;

7.2 R LEWA AR

7.3 MIE 2B MR B Y e AR

7.4 WERAE LRI E X K B Th & v

7.5 SR H & I AR K

T 6 R EBERIEE X K B E R

8. YN ELR:

8. 1 £ Fl S kR et (V] 2 o, ot o ok AR B 3D /Nt

8.2 Flh AL N /Nt

8.3 Jil ARH&E Bttt 4 /N e

8.4 | HB R s X B A0 AL R AL A /N e

8.5 ALRFAMAR (AAMERAMMEE) H/NERE,
10. 1. 14 FCIJ-42 ZEE WAk e a4 4

WK B B T LR s oA B A A B 1B B T B T A R R B A

T8, FE AR R R,

TR
o

Zarng R
enc ,m.g,ﬁnln‘thEL =31y

FCIJ-42 Z.BEMARHea st 48 4 7 DA SEAT I S B dm T

L RERCERMALRE;

2. TR IR et B AR

3. R AR LB IR L AT MR A Bt B B

4, RE FIH 5 B R T K R

5. W ER I B X IR EL oty v

10. 1. 15 FCIJ-44 A MK 3 T4 H

KRB IRE e HE A LR R R AR AR A PEM A 2 B A
s AT A AT FRESEA T B, /KB R, AT U E S Sy ig g4
HA BB EMBEREANRR, 2L EZEREAEAN—ANTHERE, TUFEFLH
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FCTT-44 SR AR o oo 30 8 40 1 WO 4 XK

1. — &4 B ALYt 267 DLz T 3T 30 /MY

2. F e BANY A E-RRE R AREE;

3. 5 T I & B T B M A A s AL A

4. 7 TERAFER;

5. H T BB E Ak Horizon B4 # &

10. 1.16 FCIJ-56 R g& &S E =44

XHNREREAET AR —EMELE, FIEAR%, BREEALLIER, S@ARE T —
FOAT O B PEM AR L AR K R A Y, R s — AN T NASA AL E F o AT R R A
ZENREED S SR E, WA AW MR sy g, LA Ry — NN E .

FCIJJ-56 R gbE# S TFEM T USHTH LB T
L HWER AL k&t o i b oh R v
2R =R NE drt F R L
3. B e
4. WERA R BN KE;

5. MEr FEAEE;

6.8 7t A B R oA

TR A E B B R A R e o R
8. MR EBMERX T ™4 H,H 0,5

9. TR 41 Wy R e A

10. 7 2 KB B /N R L JE

11. # SRR B B AR o

10. 2 Horizon YA it e 3

10. 2.1 FCS-B12 WK} a3t v, 3 (12W)
K FCS-B12 Mk} e it e 3 (12W) AR AR (=99.995% dry H) Foz S XA, o
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I3 MERA R, WHAEY 12N, XAZRAHIBX (RRANRFEFALA) , FHwTHE

BT R :
MR AT
ZIR, MR- RS RE TR
v H-12 U-I Curve W H-12 P-I Curve
14 16 T
12 4 “wT
10 1 il
10 T
8 g -
6 1 5
4 4 1
2 A 2 7
& v 0 + + i A
00 05 10 15 20 25 0.0 0.5 1.0 L &0 45
SR
FCS-B12 WAk e it v 3t (12W) M 8 5 3k 0 T B Brow:
Type of fuel cell PEM
Number of cells 13
Rated power 12w
Rated performance 7.8V@1.5A
Purging valve voltage 6V
Blowervoltage 5V
Reactants Hydrogen and Air
Ambient temperature 5-30°C (41-86°F)
Max stack temperature 55°C(131°F)
Hydrogen pressure 0.45-0.55Bar
Humidification Self-humidified
Cooling Air (integrated cooling fan)
Stack weight (with fan & casing) 275¢(+30qg)
Controllerweight 90g(+10g)
Stack size 75x47x70mm
Flow rate at max output 0.18L/min
Hydrogen purity 299.995% dry H,
Start up time <30s (ambient temp.)
Efficiency of system 40% at full power
10. 2. 2 FCS-B20 JAH+ e, 3 e, 3 (20W)
I FCS-B20 JAA K =, o B3 (20W) A Al &R, (=99.995% dry H,) A% S AE A, &

13 MERA R, s E A 200, RAZRAAEX (FRARNBEFAH , GFHF 200

AR, WA R TIR, BTERSE.
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Controller
N N —
AR A7
NN N A g _
ZMiK, R RWEES W TR
H-20 U-I Curve H-20 P-l Curve
v w
14 25
12
20
10
) 15
6 10
4
i 5
0 + i 0 4 + + + i A
0.0 1.0 2.0 3.0 0.0 1.0 20 3.0 4.0
50k
Ly S S 2 3 _
FCS-B20 JA K} e ot m 3 (20W) 14 B8 5 % & 4o T 1B BTk«
Typeoffuelcell PEM
Number of cells 13
Rated power 20W
Rated performance 7.8V@2.6A
Purging valve voltage 6V
Blower voltage sV
Reactants Hydrogen and Air
Ambient temperature 5-30°C (41-86°F)
Max stack temperature 55°C(131°F)
Hydrogenpressure 0.45-0.55Bar
Humidification Self-humidified
Cooling Air (integrated cocling fan)
Stack weight (with fan & casing) 275g(+30g)
Controllerweight 90g(+10g)
Stack size 75x47x70mm
Flowrate at max output 0.28L/min
Hydrogen purity 299.995%dryH,
Startuptime <30s (ambient temp.)
Efficiency of system 40% at full power

10. 2. 3 FCS-B30 YA} e b e, 3 (30W)

X 2k FCS—-B30 WAk e, o B3 (30W) | FI A A, (=99.995% dry H,) Fea 5 A4E A MK, &
14 MERH R, WEHEHN W, RATZARAHER (ERXRBREFAH) - EFEH 30W

B WAE TR, BTERE.

R

ZWR, WK &S K T RN

ERARBEFHERE, KERFE, wTHEAT:

Controller
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H-30 U-l Curve
v w H-30 P-I Curve

% T o

. -\ % |

12 T 20 +

10 1 25 +

8 T 20 +

6 1 15 +

4 10

2 5 1

0 1A : + t t i A

0.0 1.0 2.0 3.0 4.0 5.0 0.0 1.0 2.0 3.0 4.0 5.0
2¥%:
FCS-B30 4% .t e, 3 (30W) 4 8k 5 4k 40 T B B o :

Type offuel cell PEM
Number of cells 14
Rated power 30w
Rated performance 8.4V@3.6A
Purging valve voltage 6V
Blower voltage 5V
Reactants Hydrogen and Air
Ambient temperature 5-30°C (41-86°F)
Max stack temperature 55°C(131°F)
Hydrogenpressure 0.45-0.55Bar
Humidification Self-humidified
Cooling Air (integrated coolingfan)
Stack weight (with fan&casing) 280g(+30g)
Controller weight 90g(+10g)
Stack size 80x47x75mm
Flow rate at max output 0.42L/min
Hydrogen purity 299.995%dry H,
Startuptime <30s (ambient temp.)
Efficiency of system 40% at full power

10. 2. 4 FCS-B60 Y4} e, it H. 3 (60W)

X 2k FCS-B60 JAKH B, 3t 1,3 (60W) A Fl &R, (=99.995% dry H,) Fn= S 1E KK, &
20 MERA R, HHHER 60V, FASAAHER (ERAMBRHAH) , BHEH 60W
. MAETE., EFEHE. ERANFRERLE. KERTFE, wTEAR:

Controller

PRI
ZMRK, WK & B RS BT R BTN
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G60W U-1 Curve 60W power curve

- \ 50 /
£ S g >
g A\ TP. =

. - st i

) B |

¢ ! : Cun:vm) ‘ > ¢ ‘ [} 1 2 3 4 [ [
Current(A)

S ¥k
FCS-B60 14 4} B b B 3 (60W) M 66 5 # k4 T E Frow

Cooling |Air (integrated cooling fan) |
Controller  Jaoog
Flow rate at max output*

Over current shut dowri

External power sup 13V (£1V), 5A
10. 2. 5 FCS-C100 }&:$} e, it ¥, 3 (100W)
LK FCS-C100 WA A e it B, 3 (LOOW) A Fl & A (=99.995% dry H,) F1= S AEH A,
B 20 MERA K, WHhEL 100W, FAZAAHER (BEAANBRF L) , BFF
100 k. BFE . |BFEHA. B EeFx, EBRPF L. EEETEL TEHAT:

PR 28 A7 -
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MK, WK & B RS B TR TR

20

100W U-I Curve

18
16

12

10

Voltage(V)

en a2

Current(A)

Power(W)

100W Power Curve

Current(a)

ZH R
FCS-C100 WA e ity B 3 (100W) 14 B 5 #& 4o T I BT :

Type of fuel cell PEM
Number of cells 20
Rated power 100W
Rated performance 12V at8.3A
Hydrogen supply valve voltage 12V
Purging supply valve voltage 12v
Blower voltage 12V
Reactants Hydrogen and Air

Ambient temperature

Max stack temperature
Hydrogen pressure
Humidification

Cooling

Stack weight (with fan and casing)
Controller weight

Stack size

Flow rate at max output
Hydrogen purity

Start up time

Efficiency of system

Low voltage protection
Over current protection
Over temperature protection
External power supply

10. 2. 6 FCS—C200 Y&} =, 3 &, 3% (200W)

5-30°C (41-86°F)

65°C (149°F)
0.45-0.55Bar
Self-humidified

Air (integrated cooling fan)
12909 (+50g)

400g (+30g)
118x104x94mm
1.3L/min

>99.995% dry H2

<£30s (ambient temperature)
40% @12V

10V

12A

65°C

13V(x1V), 5A

A FCS—-C200 WA R B, 7 3 (200W) F| Bl &R (=99.995% dry H,) 1% S AE 4 A,
B 40 MERE R, BHIHER 2000, RATAAHER (ERAXRNBRHAH) . @FF
200W Mk, BEFIR. BFERE. BEEATL. EERIPFA. EEETHEOWTEHAR:

PR A7 -
M, B R RE

S T RN
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200W U-I Curve

Voltage(V)
n
-]

1.0

20

30 40 50 60 70 &0 90
Current{A)

100

2H0k:

200W Power Curve

Current(A)

FCS—C200 Mk e ot 238 (200W) B 5 4k ko T B B

Type of fuel cell

Number of cells

Rated power

Rated performance
Hydrogen supply valve voltage
Purging supply valve voltage
Blower voltage

Reactants

Ambient temperature

Max stack temperature
Hydrogen pressure
Humidification

Cooling

Stack weight (with fan and casing)
Controller weight

Stack size

Flow rate at max output
Hydrogen purity

Start up time

Efficiency of system

Low voltage protection
Over current protection
Over temperature protection
External power supply

10. 2. 7 FCS=C300 JAA e84 6,3 (300W)

A FCS=C300 WA # B, 7 3 (300W) F| Bl AR (=99.995% dry H,) 1% S AE 4 A,
B 60 MERE K, B HIHER W, RATZAAHER (ERKXRNBRHAH) , aFF
300W k. B FIR. BFERE. BEEMTA. EERPFA. EETHEETEHAR:

.

PEM

40

200W

24V at 8.3A

12V

12V

12V

Hydrogen and Air
5-30°C (41-86°F)
65°C (149°F)
0.45-0.55Bar.
Self-humidified
Air (integrated cooling fan)
2230g (+50q)
400g (£30g)
118x183x94mm
2.6L/min
299.995% dry H2
£30s (ambient temperature)
40% at 24V

20V

12A

65°C

13V(+1V), 5A

1

1

1
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AR, BTR, BTEE. BAERTT R, EBERFIT R,

1

PR 28 A7 -

PR, B RS B T & TR

2%k
FCS—C300 YA Bt B3 (300W) M 88 S5 40 & 40 T E B

Type of fuel cell

Number of cells

Rated power

Rated performance
Hydrogen supply valve voltage
Purging supply valve voltage
Blower voltage

Reactants

Ambient temperature

Max stack temperature
Hydrogen pressure
Humidification

Cooling

Stack weight (with fanand casing)
Controller weight

Stack size

Flow rate at max output.
Hydrogen purity

Start up time

Efficiency of system

Low voltagepféte:tion
Over currént protection
Over temperature protection
External power supply

10. 2. 8 FCS=C500 YAk} v, 3t ¥, 38 (500W)
X 2K FCS=C500 W& A e it 68,3 (500W) A Al & A (=99.995% dry H,) Fu7%5 R AE 4 A,
24 MER, W H o E N 5000, RAZAAHER (EAKXRERFAH) , GFF 5000

12

PEM

60

300W
36VatB8.3A

12v

12v

12v

Hydrogen and Air
5-30°C (41-86°F)
65°C (149°F)
0.45-0.55Bar
Self-Humidified
Air (integrated cooling fan)
27909 (£50g)
400qg (+30g)
118x262x94mm
3.9L/min
299.995% dry H2
<30s (ambient temperature)
40% at 36V

30V

12A

657C

13V(x1V), 5A

EETHESE, wTER:
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R

ZWR, WK &S K T R FTR:

500W U-l Curve

N

5

15 20 25 30 35 40 45

Current(A)

0o

S00n

=
T 000

2000

1000

500W Power Curve

0o 50 100 150 200 250 00 10

Current(A)

S ¥R

FCS—C500 A £+ #, 3t m, & (500W) H£ £k 5 # & 40 T T om
Type of fuel cell PEM
Number of cells 24
Rated power 500W
Rated performance 14.4V at 35A
Hydrogen supply valve voltage 12V
Purging valve voltage 12v
Blower voltage 12V
Reactants Hydrogen and Air
Ambient temperature 5-30°C(41-86°F)
Max stack temperature 65°C (149°F)
Hydrogen pressure 0.45-0.55 Bar

Humidification

Self<-humidified

Cooling Air (integrated cooling fan)
Stack weight (with fanand casing) 25209 (+509)
Controller weight 400g (+30g)

Stack size 130x268x123mm
Flow rate at max output 6.5L/min

Hydrogen purity 299.995% dry H2

Start up time
Efficiency of systemi

<30S (ambient temperature)
40% at 14.4V

Low voltage protection 12V

Over current protection 42A

Over temperature protection  65°C
External power supply 13V(+1V),5A

10. 2.9 FCS=C1000 AR e, it v, 3 (1000W)

X FCS=C1000 1A 4} e it e 3 (1000W) FF & A (=99. 995% dry H,) Fu = J 1E 4 i,
H A8 MER, B o £ 8 1000W, KA ZE A A HEX (ERRREEFAAH) , BFF 1000W
., BT, BFEFE. MAERT X, BRI FL. EEFTEE, wTEHF:
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PRI
MR, WK & B RS B TR TR

1000W U-I Curve 1000W Power Curve

50 | 1200

45

/ ey

36 8000

s 30 /

g 2

S22 /
4000

15 /

10 000

0 . o P 2 = 3 2 W A 0.0 50 1.0 150 2.0 230 300 5.0 0.0 450

Current(A) Current(A)

Power(w)
g
g

ZH R

FCS—-C1000 4 %} B8, B, 3 (1000W) 1 & 5 # & 4 T B BT -
Type of fuel cell PEM
Number of cells 48
Rated power 1000W
Rated performance 28.8Vat 35A
Hydrogen supply valve voltage 12V
Purging valve voltage 12v
Blower voltage 12V
Reactants Hydrogen and Air
Ambient temperature 5-30°C (41-86°F)
Max stack temperature 65°C (149°F)
Hydrogen pressure 0.45-0.55 Bar
Humidification Self-humidified
Cooling Air (integrated cooling fan)
Stack weight (with fan and casing) 4kg (+100g)
Controller weight 400g (+309)
Stack size 268x219x123
Flow rate at max output 13L/min
Hydrogen purity 299.995%dry H2
Start up time <305 {ambient temperature}
Efficiency of system 40% at 28.8V
Low voltageprotection 24V
Over current protection 42A
Over temperature protection  65°C
External power supply 13V(+1V),5A-8A

10. 2. 10 FCS-C2000 YA %} .tk . 3 (2000W)
X 7 FCS=C2000 1A A} e it e 3 (2000W) FF & A (=99. 995% dry H,) Fu = J4E 4 i,
H A8 AMER, B o £ 5 2000W, KA E A A HERX (ERRREEFAAH) , BFF 20000
A, BTR. BRFEFE. BT X. ARETE. EEFHSE, W TEHA:
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H2000 U Curve H2000 P4 Curve
:; — 2000 ~<
s I — . 1500 /

. ) /
= s

5 A
: 0 10 20 30 40 50 80 70 80 gnA : o 10 20 30 40 50 80 70 80 90
==
ZH R
FCS—-C2000 4 #} B, B, 3 (2000W) 1 & 5 %k 4 T B BT -
Type of fuel cell PEM
Number of cells 48
Rated power 2000W
Rated performance 28.8Vat 70A
Hydrogen supply valve voltage 12V
Purging valve voltage 12v
Blower voltage 12v
Reactants Hydrogen and Air
Ambient temperature 5-30°C (41-86°F)
Max stack temperature 65°C (149°F)
Hydrogen pressure 0.45-0.55 Bar
Humidification Selfhumidified
Cooling Alir (integrated cooling fan)
Stack weight (with fanand casing) 10kg (200g)
Controller weight 25009 (+1009)
Stack size 303x350x183mm
Flow rate at max output 26L/min
Hydrogen purity 299.995% dry H2
Start up time £30s (ambient temperature)
Efficiency of system 40% at 28.8V
Low voltage protection 24V
Over current protection 90A
Over temperature protection  65°C
External power supply 13V(+1V),5A-8A

10. 2. 11 FCS-C3000 YA %} .tk . 3 (3000W)
X 7 FCS=C3000 1A A} e, it e, 3 (3000W) A F & A (=99. 995% dry H,) Fu = J 1E 4 i,
H T2 AMER, BT 8 3000W, KA EAAHERX (ERRREERAAH), BFF 30008
A, BTR. BRFEFE. BT X. ARETE. EEFHSE, W TEHA:

F
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AR FE AT -
B, R BB RS Yt TR
H3000 U1 Curve H3000 P Curve
- 3500 -3
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S ¥R
FCS—C3000 4 #} B, B, 3 (3000W) 1 & 5 # & 4 T B BT -
Type of fuel cell PEM
Number of cells 72
Rated power 3000W
Rated performance 43.2V at 70A
Hydrogen supply valve voltage 12V
Purging valve voltage 12v
Blower voltage 12V
Reactants Hydrogen and Air
Ambient temperature 5-30°C(41-86°F)
Max stack temperature 65°C (149°F)
Hydrogen pressure 0.45-0.55 Bar
Humidification Self-humidified
Cooling Air (integrated cooling fan)
Stack weight (with fan and casing) 15kg (+200q)
Controller weight 2500g (+100q)
Stack size 418x350x183mm
Flow rate at max output 39L/min
Hydrogen purity 299.995% dry H2
Start up time <30s (ambient temperature)
Efficiency of system 40% at 43.2V
Low voltage protection 36V
Over current protection 90A
Over temperature protection  65°C
External power supply 13V(+1V),5A-8A

10. 2. 12 FCS-C5000 ¥&:4} He, it . 3 (5000W)
X 7 FCS-C5000 &4} e, it e, 3 (5000W) A F & A (=99. 995% dry H,) Fu = [ 4F 4 A,
H 120 MEK, o E 4 50000, K F 2= SAHER (FRX KBRS A A H 50000
A, BT, BRFERE. BHEMTX. ARETE. EEETHESE, W TEA:
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H5000 P-| Curve
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3000 /

2000 /

1000 /

PRI
ZWR, WK &S K T R FTR:
o
a0 \
& \
[0 ui cure |

SH0R:

FCS-C5000_J7 £ B, 341 52,3 (5000W) 14 &8 5 %% & 4o T B 7 7 -

Type of fuel cell
Number of cells
Rated power

Rated performance

Hydrogen supply valve voltage

Purging supply valve voltage
Blower voltage

Reactants

Ambient temperature

Max stack temperature
Hydrogen pressure
Humidification

Cooling

Stack weight (with fan and casing)
Controller weight

Stack size

Flow rate at max output
Hydrogen purity

Start up time

Efficiency of system
Lowvoltage protection
Over current protection
Over temperature protection
External power supply

E L R A R e REBR AR E R

PEM

120
5000W
72V at 70A
12v

12V

24V

Hydrogen and Air
5-30°C (41-86°F)

65°C(149°F)
0.45-0.55 Bar

Self-humidified
Al {integrated cooling fan)

30kg (+200g)
25009 (:1009)

650x350x212mm

65L/min

299.995% dry H2

<30s (ambient temperature)

40% at 72V
60V

90A

65°C

24V(x1V),8A-12A

1
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11 * & AvCarb /A 7
AvCarb A B E 1978 F Uk —H BB A MW EF M ITER LT RN ETE
f&E (PAN) BReF4E 7= &, AvCarb BB A ELAY & A R ARME . TN, BAMEIEN
RHF 2| ER, NASBEFESRAE], HinEt., FREZAFMTIVHEHNLFETZ,

11.1 AvCarb HCB BA

AvCarb A G R EAEF LT EHMNEEBR U I L P HB N, RUEHEMEHREN
88%-95%, KA A HC F M. KRB HX L “HC” AR AERL S THIE, B LA = B4
BN 99T %HI B A, AR “HCB” Ha A7, x4 “HCB” RBmALF LB R —Haofm EW
YegE, [ElBE, AvCarb & ¥ LURGEE B & BB A, B ABARAKTELWAEE &>,
FERERG TR, RBERER, AT ESE —SWKE. FEURMEE ERIET ~am0
—EM, XTI EESEAENTI BRI EEZHTRELH.

AvCarb A E B RHAKE. SwkE. MEM, KABKEARRHERERE, &
WA A, RN, SR HMESTEEA ZWAA, BEl, X 1071 £ %] HCB B A Xt
B, EmAtet S 5w T k.

Grade Weave Construction WeaveColint Basis Weight Thickness Typical Width
Warp - inch|
N/A N/A a.rp . l:m_(lm: ) g/m2(oz/yds) | microns(mils) cm(Inches)
Fill - per cm (inch)
3 20.5(52) 355(140)
AvCarb 1071 HCB* Pl i 7(4l
wvCarl| CB ain 18.5(47) 119(3.5) @1.0psi 117(46)
1 15.3(39) 710(28)
*
AvCarb 1698 HCB 8 Harness Satin 14.5(37) 305(9.0) @7.3psi 117(46)
9.8(30 760(30
AvCarb 1209 HCB* Plain 20} 295(8.7) t ) 117(46)
7.0(18) @7.3psi
i 8.3(21) 860(34)
-
AvCarb 1185 HCB Plain 7.0(18) 330(9.8) &7 sual 117(46)
8.3(20) 1270(50)
HCB* i 4
AvCarb 1186 cB 2x2 Basket B 525(15.5) e 117(a6)
" 13(33) 655(26)
Pl 7.7 7(4l
AvCarb 7497 HK ain 1128) 260(7.7) P 117(46)
AvCarb T1819 HK 2x2 Basket 48.5(42) 330(9.7) 686(27), f.) 117(46)
16.5(42) @7.3psi
AvCarb T1820 15.0(38) 508(20)
HK 2x2 Twill 270(8.0, 117(46
270 (g/sqm) e 13.4(34) ) @7:3psi i
AvCarb T1824 19.7(50) 480(19)
HK 2x2 Twill 220(6.5 117(46
220 (g/sqm) i 20.5(52) 16:3) ©®7.3psi (e}
_

11.2 AvCarb EP40/EP55/P50/P75 %k 4%

AvCarb BRAME A AR BEME K, MM R MBEER Y XBT . BmEENRT
EFERLZIBEREEGE R, CWERABEEAEMAHILENE, AERENE
MEE AR ERBEUEAMEGEAR THIRESAEET, R EREREFRBHMRERE
MR E B FMERE, AvCarb A E AR, ATEMERTZWEAFEA, GFFHE
Moo MR A, ZR KSR, AT R AR 77 E AR R A

AvCarb JF & H 7 EP40, EP55. P50, P75 W47 3F A8 4%, [ At, DL_EBRYUEANR & F PTFE
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A3, ] LLAE B B B KM R B R ACBR 45 EP40T. P50T. P75T, #R1E PTFE EE WK E WA,
BARKBR AR ER A Swt., 10wt%h. 20wt%. 30wt%. 40wt%. S0wth ~Fb £, FRHBEKERE
10X10cm. 20X22cm, 40X40cm = FF R <, %#, AT LRI E P % K< & R ~F f7 PTFE
WE, BB, RAIZTLEHHILE WPLs, wE T E, HHREM.

AvCarb B4 /= & 4% — W&

8% BP40 | BP55 | P50 | P75 | EPAOT | POT | 7SI
MHEA Carbon Paper Substrate

B (@1psi/0. TN/cn’) (um) 200 | 262 170 245 200 180 255
R (07. 3psi/s. IN/en®) (um). | 190 / 150 205 190 160 240
AR E £ (g/m) 36 51 50 75 43 62 85
P E bR EE (Pa) 5.0 5.0 6.5 6.5 15.2 20
B BT A REE (Pa) 3.5 / 3.0 3.9 4.0 7.6 | 12.6
Narlg (Taber) 9.5 27 7.5 20.0 22 8.5 12
¥ AR E A Taber) 3.5 / 3.0 3.5 4.5 310 14.6
K55 (@0; 69N/cn’/1psi) g/’ 0.19 | 0.20 | 0.31 | 0.30 0.22 {1034 | 0.33
B @& A (Gurley) sec/100cc | 4.5 | 5.0 35 15 7.5 50 25
B K% A 1 (Gurley) sec/100ce 50.9 / 295 83 75 596 26
JE 4% % 3 (22-113N) /22x100% 14.00 |/ 1.5% | 10.7%.] 10.5% | 10.0% | 11.0%
FEESEE (nOhmen’) 8.0 / 6.7 7.8 13.0 1.7 | 13.4
PTFE E &/ E (wth) None 5, 10, 20, 30, 40, 50
= &R HALE (PL) None

11.3 AvCarb # Bk (®.H) %

AvCarb FIFl et W Hl 8 T W A RAF L A FBGHAEE. BmEHINHRAHE, &
2| E AT R BT & A R, AvCarh 88 4L 85 B 1% B K 5 38 & vl L An 41 3 A4 R A O
W, BTR BB AR EL AR R B R R, B AvCarb T EMEMAE, TEEEREMN
3.0mm £ 6.00mm, [E8F, RATFTUREEZREHEE.

AvCarb C100 A1 AvCarb C200 B T4 E &, 2R AWGkE. etz K ERIK,
EARmm et (Al , EATEEREZHE P& 1000°CH AR RE, &% A
T4 Fb b o SRR EL

AvCarb PAN SRR Efur 2HA LA, LR ME &M it %, aFA4A
W R G, FAEEA A R G A 3R B AR R K A TR R M.

AvCarb K B A8 E HAE A& P B R EE T DL R sb s i R B B ok, R EFER
GUHY ] MR A M, AvCarb i ES B9 e M L B A R L 2 M R U B B
ZAN BT 2R AT E AR,
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AvCarb FF & H 7 C100. C200. C280 = Z B 4N, & 2K 2B 4% F 10X10cm. 20X20cm,
40X40cm = F R, H# C100 & C200 XHH B ZEL4F/, BEM R AL EERF, (280 &
THBREMBEERFTANES, £ CL00 WEARE S,

AvCarb #B 4 HE = & 58— K &

Carbon Felt Type €100 €200 (€280
Thickness 3200 6500 3200
Bulk Density 0.09 g/cm’ 0.08 g/cm’ 0.09 g/cm’
Areal Weight 285 g/ 530 g/m’ 285 g/n’
Flectrical Resistivity (through plane) < 4Qmn < 4Qmm < 4Qmm
Carbon Content 95% min 95% min 95% min
Ash Content < 0. 4% < 0. 4% < 0. 4%

11.4 AvCarb LA & (d3) #

AvCarb I £ HMHE TEZ T UHREFHAGEGLE. mERTNIE 2 (Bit)
H, FEMKENE AT LA L. FREANTRA IR BT LA R, AvCarb 3 A
£ (EM) BRI AR KR @@ e AR AR, TR e BT R T
BT, @1E AvCarb £ R B EMAE, F0fFEEEN 3. Omn £ 6. 00mm, %3] — = 4% &,
FATTURE R RS EE .

AvCarb PAN B R E fur B AT M A, FLURMEEA M B IH W EfA S, GFA4A
A R R I L, FT AR AN B AN R G R A 1 3R B R B AR R K A TR R

AvCarb {RB A & ML A& P B9 B PN EE P LU R e i RS B ok, BR B F R
GV MR A M. AvCarb BLMIEE B E SR L T A A AL M R IR B B T
ZANRT RN ERA SRR,

AvCarb F & H 7 G100, G150, G200. G280A. G300A. G475A. G600. GEO0A. GE50A 7L
AR (i) , FHHAEHAH 10X10cn. 20X20cm. 40X40cm =R <, EE G100,
G200, G300A. G600A E&{F/=, ARtV ENR AR, FHEHEHFAEMR.

AvCarb A 2HHH F R S5 H LT %

Property (280A G300A G475A G600A

Nominal Thickness (mm@1. 7kPa) 2.8 3.4 4.7 6.1
Compressed Thickness (mm@43kPa) / 3.0 3.7 4.7
Through-Plane Resistivity (mOhm cm’@3kPa) <150 125 <130 109
Bulk Density (g/cm) 0.08 0.09 0.10 0.11

Areal Weight (g/m’) 225 300 440 640
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11.5 AvCarb &4 # & 4 GDS

AvCarb AR¥ B A A (GDS) %A T B F £ 4%, PTFE X B AMILER TSR E, H4 4R
F AR s (PEMFC) | B FEE MR B (DMFC) | BEBR AR st (PAFC) % H b
R BRI AT TRk, UEN AT RNEESE (BEE. BE. ARFE).

AvCarb /8 37 7] DL#2 #£: MB30. GDS1120. GDS2120. GDS2130. GDS2185. GDS2230.
GDS2240, GDS2255. GDS22100. GDS2300. GDS3215. GDS3250. GDS3260. GDS5130 + I A 5,
BRI AR G (GDS), F HARYE I AN A, AT 4R 89 R~ 10X10cem, 20X20cm., 40X40cm
WAL AN, BRATOTUREZEF FEEFRR T, wHFE, ERAER.

AvCarb SR # £ % (GDS)
FRliEESE LT &

Humidity Current Density For Cathode For Anode
AvCarb GDL  Application
High Moderate Dry >1.5A/cm; 1.5>x>1Alcmz <1Alcm:z
MB-30 % v v v v
GDS5130 v v v ¥ v
GDS2130 Automotive v v v v v
High power
GDS3250 density v v i v ¥
GDS3260 V. v Y v v
Stationary v
e Moderate steady i/ i
GDS2240 power v v v
GDS2255 Air-cooled v v v
No external
GDS2185 humidification v v v
GDS22100 DMFC v v

47 HHIE S HOLT %
Gas Diffusion Systems (GDS) Technical Data

MB-80  GDS5130 GDS2130 GDS3250 GDS3260 GDS2230 GDS2240 GDS226b GPS2185 (GDS22100

| eao | epss [ ers | epao | a0 [ prs | ers [oms | ers [ s
Nominal Thickness

(@5.0 N/Cm?) 205 283 265 238 220 270 260 276 252 326
(1MPa) 150 185 195 173 165 200 190 236 208 255

Nominal Basis Weight (g/m?)

| s [ 7o | oo | w | 7 | o | a0 [ 11 [ 1 | 10
Break Strength (N/m)
[Machine Direction | 2800 | 2400 | 2600 | 2000 | 2700 [ ze0 | 1s0 | 490 | a0 | si00 |

Stiffness (Taber)

Property

Base Material

Cross Machine Direction 7.0 23.0 16.0 6.5 6.5 16.0 13.0 19.0 17.0 19.0
Bulk Density (g/cm?)

@osowemyips) | 027 | o2 | o3 | o | o | 0w | om | o | os | os
TP Electrical Resistivity (mQ-cm2)

oy [ 20 | u [ wu [ m | u [ 0 | u [ 2 | 2 [ un |
Water Vapor Diffusivity (D/Dqg)

(D/D0) 0.33 0.3 0.3 0.3 0.27 0.31 0.28 0.06 0.03 0.07
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11.6 AvCarb B E# & & ER (MGL)

AvCarb B FF R BN & B EMR (MGL) 2% 4 B A 4% Fn R Rk o ot o7 ] T 4 1F 89 — 2K
TR, —MWBRRER., ERE, yEAMEMFNARME A E AN ERE A,
ERTAEMGCHNAE, BARRAERRAMEIELE, B, ML =& 7 5 HE AT LAT
BRIREHER ., TEEZHEMO0. 19un 2 0. 37mm, #EF EEER MCLs B2 EH T4
HE B A EE R R P £, [ RS AR BTN R T K R

AvCarb A E|HIAEER £ EERMGL 5 HAAT U ARE> BAEH, BEFEEEEMR, M
BEEE. EEEHY. SEES. Ao E KWL A, ERBE. Rmat, B EH. JF
MR R )T AL

AvCarb FF & 7 MGL190, MGL280. MGL370 = 2K EK#E A £ B EMR MGL, B A, bAE
HEA EZEREZ PTFE B, ¥ UUEE AR BRAEEEMN MGL, R 4E PTFE E 2R E W TH,
KM E A 2 B EMR MGL A 5wt%. 10wt%h. 20wt%. 30wt%. 40wt%. 5Owt% < ftix &, &
F E JEARA 10X10cm, 20X20cm. 40X40cm = fF R, S, RATHLE LURIEZE P F K2 & R
A PIFEWE, WWHEFE, EHRAER.

AvCarb #JEH £ BJER = & 5% — W k:

Properties Unit NGL190 | MGL280 | MGL370 | MGLI90T*| MGL280T | MGL370T
Thickness il 0.19 0.28 0.37 0.19 0.28 0.37
Bulk Density g/en’ 0.44 | 0.4 | 0.46 0.44 0. 44 0.46
Porosity % 78 78 78 78 78 78
» mimln/
Gas Permeability , 1900 1500 1500 1900 1700 1500
(cm*hr*mmag)
Gas Permeability Gurley Sec 2.2 45 4.4 2.2 3.3 4.4
Electrical Resistivity
n’ cn 75 80 75 75 75 75
(Through Plane)
Flexural Strength WIPa 45 40 45 45 45 45
Flexural Modulus Niem 15 10 15 15 15 15
Tensile Strength N/en 65 90 120 65 85 120
PTFE Treatment / None 5, 10, 20, 30, 40, 50wt%
Microporous: Layer (PL) / None
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12 HAREW (Toray) A&+

AW (TORAY) #h KX &4 kLT 1926 &, BT HARE. BHAEZ LB AN A K.
BATHFE. EMUFABRCBEANGRFEEESY, E2K 19 NMNERHEFH 200 X
MEAudE <Ak, FHEHAEL 120 12F T #H B R 35000 %, BRER FRENERBE
BEAFLAOSLZ —, BEZTHZ 605K T EZANARL, AERWEE LN
MR DB REBRIEEMRGEEAEN R B AW A S 42 F EvE—
—FKEH RO, NF, UF, MF. HFEREGTRIERAF LG ®THRMEL RF B LA 585

" “TORAY’

Innovation by Chemisiry

12. 1 BAEK

AT (TORAY) HAARRABLGEANEN S ABRT LGN E SN, B 2ZAT
YR RE Lt B B AR S A Fu Lt B AR, BLR DA T ARAE:

L &R

WA EGHRMELCEFE, NMFAEEFNIFEHM,

2. BRE

WARE, REEL, BARTNIEmESE.

3. EBEEE

CHIEILIRE (4 78%) 1k KA T B 4K .

4. T G bl
BAR HE T HEACENGEN K, SFRDUOER, FEARFHTE RS,
5. %X AE

HTHRELERAEATN G W, XA RATEELRORE, TRIREBELTE,

FATE B 7 LR B TGP-H-030. TGP-H-060. TGP-H-090. TGP-H-120 WM 2k 8% 4%, #7E 2
BB AR R Z T T Swe%el B7 I8 Bk 40 2B 8, B 3k T4 BT DLy 48 2 AN 1-50wt% ey PTFE B
KAEE, a1 EERAZM
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Basic Data

Properties Unit TGP-H-030 | TGP-H-060 | TGP-H-090 | TGP-H-120
Thickness mm 0.11 0.19 0.28 0.37
Bulk density g/cm3 0.40 0.44 0.44 0.45
Porosity % 80 78 78 78
Surface roughness Ra um 8 8 8 8
Gas permeability ml-mm/(cm?hr-mmAgq) 2500 1900 1700 1500
Electrical resistivity

through plane mQcm 80 80 80 80

in plane mQcm — 5.8 5.6 4.7
Thermal conductivity

through plane (room temp.) — (1.7) (1.7) (1.7)

in plane (room temp.) W/ (m-k) — 21 21 21

inplane (100,C) W/ (m-k) — 23 23 23
Coefficient of thermal expansion

in plane (25-100°C) x10%/°C -0.8 -0.8 -0.8 -0.8
Flexural strength MPa 40 40 40 40
Flexural modulus GPa 8 10 10 10
Tensile strength N/cm -— 50 70 90

*The above data are experimental values and are not guaranteed.

12.2 B4R %2 GDL (BR4CEAMR HMPLs)

AT (TORAY) ML 2 s 4% 2 @ i 4 FL 2 (MPLs) 7w 2088 4K AR L HIVETT &, H P
ILEWEE % 60um, H PTFE & &4 % 33-35%; REFELE TR MWHEKLE L, FLUEE
TGP-H-060-MPLs. TGP-H-090-MPLs. TGP-H-120-MPLs % % 2 = & .

TGP-H-060-MPLs: 2 — 23 i ¥ TCP-H-060 2% 4% 5 # 7L 2 (MPLs) & &-#|1E T ik, H+
WILE R E %4 60um, PTFE & & %94 33-35%; TGP-H-060 & 4L E £ % 190um, * PTFE & &
K 8-9%; K EEE A 250um, AR A 9.5X9. 5cm. 20X20cm, [ B R < X EE AL EE
E B E R

TGP-H-090-MPLs: & — 23 i ¥ TGP-H-090 8 4% 5 % FL 2 (MPLs) 4 A | 1E T &, H+
WILE I E E %4 60um, PTFE & & %4 33-35%; TGP-H-090 % 4L & £ % 280um, & PTFE & &
K 8-9%; HHEE A 340um, AFER A 9.5X9.5cm. 20X20cm, [ B R ~F X EEE A, HEE
EEEEMR

TGP-H-120-MPLs: & — 23 3T # TGP-H-120 B2 4K 5% FL 2 (MPLs) 45 A #I1E T &, H+
WILE R E %4 60um, PTFE & & %4 33-35%; TGP-H-120 8 4L % % 370um, * PTFE & &
K 8-9%; K EVEE A 430um, AR A 9.5X9. 5cm. 20X20cm, ([ B R < X EE A, HEE
E B E R
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13 #&[E SGL Carbon /A
SGL Carbon 2 — X E A TEERFEENERAEEEAF. CEERALNHEAH
FatlEHz—, AFRRERERAE BN OBATE. RIERESHHE. SCL
Carbon £ & IKHAH 29 A =& (KN 164, =81, M54 , H4& 100 £ 4 E
R/ MK ZA RSP 4% .

C) sgl carbon

13.1 #R

SGL Carbon By 7 & A T Ft F 5 ¥ FE MR R s it (PEMFC) B8 4F 4 7= & . 43t PTFE B A
AFE, WAMILE WPLs BIBRAN (R AR A RAY BB B % FAE R e it Fo S0 R 3 B
MEKEE) WARERT #®E, HEMBETAAETE,

A ARY R (GDL) 2R EE M, B AL AR (BRACEMR) A idl BBl (MPLs) 4
oo EWAREE DL FHE(ESE. THARTRESFFTENITN) . WPLs RiIE 5 E1
FEHE TR, RPEFANRFRGREAHERNE, HEREIRE P EM K EELIM
WAER . KESZIWIES, XFEX/BTARTEILEELAELSERITEF TREERE.

Micro-porous Layer GDL backing paper

(MPL] [macro-porous] ‘

AR HEREEMRER

GERAHELEM A WPLs FIn N —EHEW R TR (PTFE), T UARFEHEAMLE. &
MPLs A LIEF & KA WA T (KB, £ 8) X7 ETRBRENRAME, I, MPLs &
W AE AR AAF AL, BT HESARY # B (GDEs) .

234 5% B H, 5wt PTRE &t E AU A A2 B LUK R B A% . MPLs 38 % 4
G 20%ZE 25%H9 PTFE, X #f b 7] By MPLs £ 5C %o 1 52 78 PEMFC MR Py gb s £, BA/)
W2 B93E Fl %, SGL Carbon B4 Sigracet BR&F A R FHAZEEE0.1 £ 0. 3um (GRILE=
MEFME) 8 1.5 F 3um (BRHAERELREENE) WEEN. HFALE ™ &£ & FF MPLs
BB A B (IR L B A R K AR A >130° ) .
S 4 KW

SGL Carbon £ 4 7 AA. BA. BC. BB WA RF|BR A4/ &, H+

AA R B R KA PTFE Bi KA, T #MILE MPLs MIB 48, 1 % o8 BRAUEAR

BA 7| H 4L PTFE Bi kA2, T MILZHBHAK, BEMRNTEAKL, ERE, BA RS
Bl RE&@IEH5;
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BC %% 44 3L PTFE B AL FE, B4 H MPLs M IL B WY B4, @ % 4 A& Y # 2 GDL

HHEAART HAL GDS, T BCRIIBEWAHL RS EEE,

RIVER;

B e R A #T T % & 7Y BB

BB A% XA H TE A, £iT PTFE KA, B8 MPLs MILEW AT #Z,
5BC A7\, BB AV RAHW LY, FREAAEEWIMEREHNER LR, ZHA

W E R B
— = E 3
TR A FEE W T

GDL 22 GDL28 GDL 36 GDL 39
215um 235um 280pm 315 pm

Application High porosity Low porosity Medium porosity High porosity

PEMFC stationary . °

PEMFC automotive e [ ee

PEMFC portable N L

HT-PEMFC LX)

PEM electrolysis L L

® refers to the frequency of use

SGL Carbon #y MPLs 1 % .4 20% 2| 25% 89 PTFE, % MPLs A &k O # £ A Z

E %1 T PEMFC 14 ¢ #9 5 = e 71 o

B R {17 LA42 # Sigracet 22BB. 28AA. 28BC. 29AA. 29BC. 35BC. 36BB. 36AA. 39AA.
H #.29BC. 35BC. 39BC X =
A BB ZEF, HepR /b B4 %, 29BC & 22BB X # . 35BC = 39BC & 39BB X %, [ &,

39BB. 39BC +—#H Ay # E GDL, HM et s % TEAR,

36BB 1% 7 JE A #y 38BC, 39AA BR T BAHH

35AA,

13.1.1 Sigracet 28AA/29AA/36AA/39AA S 4638 B (A& 4K)

Table 1: Typical material data of SSIGRACET® GDL backings (SIGRACET® AA grades)

Typical properties Units 28AA 29AA 38AA 39AA
Thickness um 190 190 280 280
Area weight gm:? 55 40 75 50
Open porosity % 82 88 82 89
Mean pore diameter pum 39-44 48-51 25-29 42-44
TP area-specific resistance** mQcm? <4 b <5 <b)
TP electric conductivity** Scm™! 4-5 35-4 5-6 4-5
IP electric conductivity (X/Y)** Scm™! 225/200 190/170 270/240 215/180
TP thermal conductivity NS WmK-! 05-06 04-05 <04 <03
IP permeability** 10-?m? 2-3 8-9 3-4 1M1-12
Bending stiffness (X/Y) mNm 2119 2/1.5 5.5/4.3 54/41
Compressibility (1 MPa) % 13 31 12 33
13.1.2 Sigracet 28BC/29BC/35BC/39BC A& # & (B A MIL B840

Table 2: Typical material data of SIGRACET® GDLs (SIGRACET® BC grades)

Typical properties Units 28BC 29BC 38BC 39BC

PTFE load of backing wt% 5%1 5%1 5¢1 5%1

PTFE content of MPL wt% 23 23 23 23
Thickness um 235 235 325 325

Area weight gm~2 105 90 125 105
Operni porosity % 36-37 40-41 46-47 50-52

TP gas permeability (Gurley)* cm®cm 2! 0.5-07 09-13 02-04 1.0-15

TP gas permeability* 10"?m? 5-6 6-7 7-8 12-15

IP gas permeability** 1072m? 14 19 23 27

TP area-specific resistance** mQcm? 75-85 85-95 10-1 1-12

TP electric conductivity** Scm™! 24-27 20-23 25-28 20-22

IP electric conductivity (X/Y)** Scm™! 200/180 175/155 225/200 170/145

TP thermal conductivity* Wm~K"! 0.6 0.5 0.35 0.25
Compressibility (1 MPa) % I\ 13 18 13 30
Recovery (2.5 MPa) % 65 61 65 54
Resiliency (2.5 MPa) % 13 21 13 30

IP=inplane TP =though plane *uncompressed **compressed with1MPa

13. 1.3 Sigracet 22BB/36BB/39BB & k¥ # & (B A M I BB LK)
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F—— Uiis GDL-Substrates Fully treated GDLs
GDL 28AA GDL29AA GDL38AA GDL39AA GDL28BC GDL29BC GDL38BC GDL39BC
Ash content” % <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25
Areal weight® g/m? 55 10 40410 7530 60 *10 105%1° goe 12520 1054%°
(@5 psi load)? 190 190%3° 280 280%%° 235 235329, 3252 32538
Thickness (@ 1MPa load)*! pm 1551% 125330 225 8 175%3° 210 3% 190 #2° 2803%% 2453%%
(@2 MPa load)® 140 t% 105 % 195 30 135130 195 220 70120 250125 210225
Compressibility (@ 1 MPa)® % ca.18 ca 34 ca. 20 ca.38 ca. 1 ca.19 ca. 14 ca. 21
TPEl Resistance (@ 1MPa)® mQxcm? <4 < 5 <5 <5 <1 <12 <1 <12
IP Pressure Drop (@1 MPa) bar 04 0.3 0.2 0.2 0.9 0.8 0.5 04

Specified material properties: ? Internal, based on DIN EN ISO 536; * Internal, based on DIN EN ISO 9073; & Internal, based on DIN 51911
Additional data: ¥ DIN 51903; ¥ Internal, based on DIN EN 1SO9073; & Internal, based on DIN 53885
Abbreviation/Units: TP = Through plane; IP = In plane; 5 psi = 0.0345 MPa

Material properties Units 22BB 28 BC 36 BB 39BB
Basic parameters

Thickness ) um 215 235 280 315
Area weight gm? 70 105 105 95
Gas transport

TP gas permeability . Gurley sec 12 4.5 3.0 A 1.5
TP gas permeability [1 MPa] 1072 m? 0.47 0.10 0.21 0.12
IP gas permeability** 1072 m? 2.8 0.9 1.8 8.40
Electronic resistance o o ~ N\ -
TP area-specific resistance [1 MPa] mf cm? <10 <11 <12 <13
IP electric resistance** Q mm 0.33 0.21 0.27 0.56
Heat transport

TP thermal conductivity* wWmK™" 0.30 0.38 0.43 0.20
Mechanical properties

‘Bending stiffness (MD/TD] Nmm 1.5/0.9 1,742 3.6/3.2 3.5/2.9
Compressibility (5 psi - 1.0 MPa) % 20 11 14 27
Compression set [0.6 MPa) um 12 9 10 16
Compression set [1.0 MPa] um 18 12 14 30
Compression set [1.5 MPa] um 26 15 20 37
Compression set [2.0 MPa) um 30 17 22 60
Tensile strength (MD/TD/TD] MPa 6.9/4.6 6.6/5.1 8.5/8.1 7.7/4.9
Surface properties

Water contact angle (MPL] 9 >130 >130 >130 >130
Roughness R, [MPL side] o pm 7.2 6.4 58 7.0
Chemical properties

Impurities [Fe, Co, Ni] ppm <10 <10 <10 <10

* uncompressed, ** van der Pauw method

13.2 HFHHE

13.2.1 MR
GDL 28 fu GDL 38 £ A T TIRIAHEFHRIE, HARFENTHTURH LR FREEH
Fit K. [A#, GDL 38BC # 7% A T & i PEM ¥k A} & (HT-PEMFC) , & % & ® LAF7 1k A PBI
FEdF SR,
HHZT, WREFEFAGRT #E (ZEREABE. BRRATEREEN , MEN
£ 1 GDL-29 #1 GDL 39, Bk F#EH R EFEF R TR

Applications GDL 28 GDL 29 GDL 38 GDL39
Thickness 200um 200um 300um 300um
Features Low porosity High porosity Low porosity High porosity

PEMFC stationary N vV
PEMFC automotive N v
PEMFC portable N
HT-PEMFC N
DMFC J N
PEM electrolysis N v v
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Applications GDL 22 GDL 28 GDL 36 GDL39
Thickness 215um 235um 280um 315um
Features High porosity Low porosity Medium porosity High porosity

PEMFC stationary N N

PEMFC automotive NN ~ v

PEMFC portable N
HT-PEMFC v

PEM electrolysis N N

13.2.2 FEMRBHEE M
BT SCL A B AFWGIL B GRS RMmETM, QMY 827 UA T a4 £ 5 A,
o AR A, PEM B K, 4B AR B, TENET R A A
BEFR,

Applications Material applied as Recommended grade (s)

Redox flow batteries | Porous electrode for zero—gap cell design GDL 39 AA/38 AA

Metal-air batteries Cathode support (for GDE) GDL 39 ‘AA/BA/BC
Microbial fuel cells | Electrode support GDL. 39 AA/BC
PEM electrolysis Cathode support GDL. 39 AA/BA/BC

13.3 ERFEHE

LAEGDL B, #XBFFFE, TR EARIATHEK. wRFEKE#HEZ, iF
GEEHRTFE, Fim. wmfe. HEAFEAH LR ETED D HEERE;

2. RF GDL TX, FFmEmAkmerX;

. EBRAKL, mA A AT AFANEEXEEF. AEFf i T GDL;

4. L RHEE R 7% GDL B, Mgk RBAETH#m, HULEAR, HFE. TETH
AR A & B VT 5

5. EEEMGL-IMWHKESRT (BEE) . wRLTEMME, NWHRGEEZHE
A E X B, BE., EE. BEIAREMERA TR EERNBHRAILEEN;

6. RATE M MEA EESEBAM (AT EMER) R AEAR A A 2001b,/in’
(134N/cm®) o BT X MRIRAA T RE 2R EAT KRR IEIIRE M . 47 b xd i 3 B e
&R

TR, TRHEPREAREEE, REaARPHERNAT, FEEA P4 %
/8
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14 Bk CeTech /A
B A CeTech LT 2006 F 9 A, LT &%, TEVHFEMKXGEFHEART #
JE (Gas Diffusion Layer, GDL), BN & _E AT 1% B9 %% 48 5 % 7 (Carbon paper and carbon
cloth), AR VRB @A, Bf7% % (GrapHite felt).

®
CeTech

CeTech Co., Ltd
14.1 SA&Y %2 GDL (BR45E JE+MPLs)

BRI EERT #EGDL T EZH ARSI EMPLs & &, B4 PTRE B A AL B,
RERAREN— R AT #E, A GDL210S. GDL240. GDL260. GDL280. GDL340. GDS090S.
GDS180SHT. GDL120S. GDL210SHT iX AL MA 5, H= &5 T & .

Substrate with MPL & PTFE Carbon Paper
Measurement Units GDL210S | GDL240 | GDL260 GDL280 GDL340
Thickness mm 0.21 0.24 0. 26 0.28 0.34
Basic Weight g/m’ 85 90 100 100 125
Air Permeability (Gurley) sec <225 <85 <200 <200 <200
Through-Plane Resistance nQ cn’ <15 <15 <10 <10 <10
Tensile Strength (MD) N/cm 35 30 37 37 45
Tensile Strength (XD) N/cm 17 18 33 33 36
Flexural Modulus (MD) MPa 3100 4000 7000 4000 4600
Flexural Modulus (XD) MPa 1300 1500 2600 1400 2400
A &
Substrate with MPL & PTFE Carbon Paper
Measurement Units | GDS090S | GDS180SHT | GDL120S | GDL210SHT
Thickness mm 0.09 0.18 0.12 0.21
Basic Weight g/m2 50 50 80 85
Air Permeability (Gurley) sec <50 <10 <100 <225
Through—-Plane Resistance ®* | mQ cm? <6 <5 <15 <10
Tensile Strength (MD) N/cm 15 25 20 35
Tensile Strength (XD) N/cm 10 18 15 17
Voltage Loss ™' mV <7 <15 <10 <15
Porosity % 68 77 63 70
V¥ 1: Voltage loss at 500mA/cm®> and 20 N/cm?
V¥ 2. Through-Plane Resistance (mQcm?) Four Point measurement, copper plate contact
under 200psi, testing area 19. 6cm?

14.2 YA K

XANRG| FEERGAEWAEBRY, F GDS180S. GDS210. GDS250. GDS310 g fi# Al &,
i ST &R
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Substrate without MPL & PTFE Carbon Paper
Measurement Units Method GDS180S GDS210 | GDS250 | GDS310
Thickness mm TECLOCK SM-114 0.18 0.21 0.25 0.31
Basic Weight g/m ASTM D-646 50 50 65 80
Air Permeabilitv sec Gurley <10 <10 <10 <10
Through-Plane Resistance mQcm’ | Base on ASTM C-611 <7 <6 <6 <5
Tensile Strength (MD) N/cm 25 24 24 20
ASTM D 828
Tensile Strength (XD) N/cm 18 20 22 10
Flexural Modulus (MD) MPa 3300 4700 4000 3500
ASTM D-790
Flexural Modulus (XD) MPa 1500 1600 1500 2000
Mercury Intrusion
Porosity % 77 77 77 77
Porosimeter

14.3 |43 # & GDL

AR F B GDL £ & 245

(B fa %)%+MPLS)

% 5 ILE MPLs &4, B4 1L PTFE AKX E, 2 Z 24 H

Hy— 7 GDL, 7 WI1S1009. W1S1010. W1S1011 i ”Mj'év, P& SEW TR
Substrate with MPL & PTFE Carbon Cloth
Measurement Units Method W1S1009 | W1S1010 | W1S1011
Thickness mm TECLOCK SM=114 0.41 0.38 0.41
Basic Weight g/m’ ASTM D-646 180 180 200
Air Permeability sec Gurley <55 <55 <55
Through-Plane Resistance mQ cm’ Base on ASTM C-611 <13 <13 <13
Tensile Strength (MD) N/cm 10 10 10
Tensile Strength (XD) N/cm W D628 5 5 5
14. 4 BRA )&
XANRI| EERAZAENH ALK, H W0S1009. WOS1011 AMAE S, =& 54T
KT
Substrate without MPL & PTFE Carbon Cloth
Measurement Units Method W0S1009 WoS1011
Thickness mm TECLOCK SM-114 0.33 0. 36
Basic Weight g/m’ ASTM D-646 120 130
Air Permeability sec Gurley <10 <10
Through-Plane Resistance mQ cm’ Base on ASTM C-611 <5 <5
Tensile Strength (MD) N/cm 10 10
Tensile Strength (XD) N/cm ASTM D628 5 5
14.5 S4KY#E GDL (B EMK+MPLs)
RARII AT R DL E B R KB £ L RS MILE WPLs 4 &, BL L PTFE BiA KL

#, A GPPO50M. GPPOTOM X i MA &, H &= mES & Frx:
Substrate with MPL & PTFE

Carban Plate
GPPO50M GPPO70M
0.5 0.7

Measurement Units

Thickness

mm
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Basic Weight g/’ 135 450
Air Permeability (Gurley) sec <150 <150
Density g/em’ N/A N/A
Voltage loss ™' mV <20 <20
Through-Plane Resistance ™ mQ cm’ <15 <15
Tensile Strength (MD) N/cm 90 200
Tensile Strength (XD) N/cm 40 160
V¥ 1: Voltage loss at 500mA/cm?® ‘and 20 N/cm?
V¥ 2. Through-Plane Resistance (mQ cm?) Four Point measurement, copper plate contact under
200psi, testing area 19. 6cm?

14.6 7 =EK
KR AKREAEN G B ER, A GPP035. GPPO43 A A &, = & 50T & .

Substrate without MPL & PTFE Carban Plate
Measurement Units GPP035 GPP043
Thickness mm 0.35 0.43
Basic Weight g/m 200 240
Air Permeability (Gurley) sec N/A N/A
Density g/cn’ 0.49 0.56
Voltage loss ™' mV <9 <9
Through-Plane Resistance ™ mQ cm’ <9 <9
V¥ 1: Voltage loss at 500mA/cm®> and 20 N/cm?
V¥ 2. Through-Plane Resistance (mQ cm?) Four Point measurement, copper plate contact under
200psi, testing area 19. 6¢cm?

14.7 A&

EANRYVN N E 2R, TERATEAMLERNEM, FH GF065. GF020. GF030 =F# A =,
oA T RR:

Measurement Units GF065
Thickness mm 6.5
Roll Width mm 1030
Roll Length Meter 25-35
Basic Weight g/m 590
Carbon Content % 98.5
Ash Content % <0.09
Thermal Conductivity at 1500° C W/mK 0.1
Tensile Strength MPa 0.12
HA
Measurement Units Method GF020 GF030
Thickness mm 1505084 1.5-3.5 | 2.5-4.5
Voltage loss . Voltage loss at 500mA/cm? . .
and 20 N/cm?
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15 =& Fuel Cell Store F&

Fuel Cell Store T 1999 #F & T/ F4r £ NE /RET, £ A AT I #y 5 B An iz
ERERKHNEZETE, TURERSZHMR ZHR B FAGES &, €F
HEEHE R FNR LR TN F B & AR T 2014 4 11 A 3F 48 7w 5= 8 N 89 K 38,
DEEXZEMEREELEHUER, FETNNERTIHE, TEAESE FHE. AR, R4
%Mn%%&.%%ﬁ/ﬂﬁm%_Mﬁ%E%Fm FEEF A AE AR A FZ Fuel Cell
Store EF B EAZHE, A s e PTENHEY S, UTHEIHL,FENFT R,

<= FUELCELL

* |
** Store

15,1 ¥ F #0KXE # (PEM) —25cm”

R
Tk A ] B SRR i R e T A, T AR A R MEA BN R T R T
A ES . BRERE ST URERAN TR, AR D MR B £ R
TRFF G0 G AR b2 i B4 B T o e A 2 B iJTbLEX%ﬁMﬁE’JmF,
A SR AA — A~ 1/8 Fo~F B R TR P (B3 1 A — AR T =2 3R E 7 R8BI 832 H K o

MK e BB WA 1/8”7 NPTx1/4” E4 M. BEHANLAEOWE (BHELLHFTL
BEH) . ATESNS REBFMES (REfH ) | BRRAEEA 8-32 T LB (&
A —AD , AEEER 1/47 20 WA B EFEHER (BMhmR—1) , LE—FhE
Be & 6 25cm’ = E s R A BRI .

AR FE 2 7T R PEM H,/0, AR B, PEM Hy/ = SR st , B W E (DMFC) ¥
Hre s, THRMFHET U TN g, TREERRREZF R, AREELST A
=) PN

MR AERY . KA. BRI HEE, mERERL ERYT, KAT
4R — A% L T PEM B A# AR B0 .

R
1. B E M R~ & 25em’; 2.7 LL7£ PEMFC. DMFC #n de, R 4 2 8] B 4,
. EmERGEHE; 4. & U ERIE;
5.3 T 110 % 220 VAC HA7 & An #2834,

#EIWA:

LRy R ToRBA ;
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.....

2. B mF (AT RMA) ;

3. Hy/ = A MRAHE M MEA (5 B
4. B TR E M MEA (5 2D ;
5. HfRAE I MEA (3 &)

15. 2 L #R A& 1F (PEM) -5/50cm’

Bk
REERENRE AR TRT . TREAA. B R,REN TR EET F S

R M SR

End End
Plate et Gaskee e
/ /- bo
[ o ( :
‘ % O u
[ O &
1 Lo P \ /
0, N /

Electrolyzer Anode [+) Flectrolyzer Cathode ()

MAE R ERRT s, AafEkE L2xTHERE/ (K2 . HT =il
R LA E, fm 25 o o (8 00 08 14 0E % 42 ) 25 S H A gl . S0 R IR B 15 4 28 R

N TON

EH B E, LRI AR FNRE.
Attach the adhesive thermocouple to
the surface of the Ti plate

Heater

Connect heaters to a temperature controller

End  Unipolar End
Plate Plate  Plate

RLAF AR AR 1F -
ERARE, WRRAATSETERENT, XFE—LHANRE, 4 BAR,

BAME. AARARLBE. AUREI. KARAULBE. KRBT CBEERE.

SREEHER, FEATE (T

H;

? !

|

phase
separator H,

@IUMOL
§-]
=
2
®
1a38Wmol}

pressure

pressure
regulator

regulator

;
2
-3 o
a
"

Cathode
1

electrolyzer
I I > water witer
= * pump reservoir
power supply
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MRZ /0, HHEMAEFREFENEREREEREMNES, EZRIBF LAY
MBBENER, AXELE, BAELEEAHENLR TR F;
HERME:
LAERMEY (F8FAKEMAD SARERZER EHATET,
2. KM (0,3%) MO EEIAAL,EEL, ENERENRETZAH 0,5k 5 ;
3. %Fﬂﬁ (L3 HOoEHEINRRsgEHL, ENEREWARETZIANR LEXLH;
4. FERYE (T8 TATEAEMENERAARELNES.
TERR:
LB Rt FaEy| 2, REHFENRT, FTHEANLE;
2. 5w, B RGNIBIHFERs K, BFETEEMREM®E;
SSKRAAW RN (AW ERAXMMFRAES) , & THE
4. NEHREAE, FATEMRFONITIERIRENEMER,
FEARE:
1. B EH: 5em’F2 50cm’;
2. AR (KX XE) ¢ 10. 1emX10. IemXlem(50em®) ;
3CEMAERS (KX FXE) + 15, 4emX13. 5emX4. 9em (50cm’) 5
4. EE: 2.8kg (50cm”)
RELMH:
1. &A% AEA: 50 psi;
2. 8RR AJEN: 50 psi;
3. mAJEHNZ: 5 psi
4. B 1EIRE: 35765 °C;
5. A #E (5em’) : F i 35 scem;
4. A #EE (50cm’) : F& & 350 scem

15. 3 F 4 B Aok e, B 4 (PEM) —5/50cm’

B

KA PR F A 4 A 7R B L ] Sem’ A7 50cm” B A B A, R R BB AR
BAMREA Ry G, T=MHBANTATE, ZEFUEECEFESELN—NEEK, A
THARL., AR FTEN, ERAZANKANELLE,

KA H R L BoF A e, R U BT R RO A ot 2 B SR T B A

H R A B ultem, AR REMWEE B, THW (SS316) MEEMfE, L
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A EZIEH 5 PEMFC 48 25

MR H B A, RE9 ] & 3IE N A B R B A MEA,

AR/PFHAFELR, A GRXAHAE, CEELad EN e E%E, HES
NG LEE RS, FANApEHFw T, W ATIERESENEN.

ZEMAER R KA R E A, ¥ UG RIS M, & E ] LA £ A 30 A
M (B FATE MEA REF- £ 40 1 TERIAE) .

AREEAES., R TREREATERMR AL B E b d, (B RGN
B = IR0 IR AL 1/ ek &, N ik TR F R .
L A AL

1. L% T BB A 4 & /47 #7;

2. R IR E T EA LKL 30 8t

AT HhE M ELE KWW AHESE R4

4. KA (REEHREH) ;

5. TfEimE &k 90° C;

6. AToE | R

T 4% MEA (¥ EAR7E MEA, w2 &) MEA, E5&KATBER)

8. EMHEMH (AHRES/EFD ;

SR
1VEFRERE (Active Area) : 5em’ 2 50cm’;
2. B E: 14

3. #& % (Thermal Management) :
3.1 MEmAnFAR 2y & X g, (120V/AC = 240V/AC) ;
3.2 B4 1/8” Swagelok & 15 % & P4,
4. WA i (Plate Material) : BMC940;
5. B RAEM L (Wetted Materials)': 44N, 5. Mg, Ultem. f =;
6. iR #EH (Fluid Connections). : #4 /M SAE 3% 0, ## 1/4” Swagelok ¥k (7 ik
HAfb)
7. E% %% (Compression System) : AzE4E, 1/4” E#
8. KHEATIRE: 150°C;
9. AIEAT/E A7: 50 psig;
10. e s (A REE KT
11 H# 4K EeH (KRB ;
12. 58 R~ : 127%148%17 Imm
13. E&: 11 % (4.99%g)
AR MEA ¥ -5cm’:
. EA 5 :Nafion 212;
CTE R X3 2. 2X2. 2em;
CFEX 7. 2X3. 8em;
P AR A& % 0.3 mg/cm’ Platinum on Carbon 40%;
P AR A& # 0. 3 mg/em’ Platinum on Carbon 40%;
.AHBEY #E: Sigracet 28BC;
AR BERA: YL,
A=Y MEA £ $-50cm’:

1. EA 5. Nafion 212;

S O O &~ W DN
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2. B IX I 7. 2X7. 2¢m;

3. FEIX 18: 12. 8X12. 8cm;

4. FEF AR AL A& % : 0.3 mg/cm’ Platinum on Carbon 40%;
5. A AE A&7 0.3 mg/cm’ Platinum on Carbon 40%;
5. ARy # E: Sigracet 28BC;

6. AR BELRA: B,

15. 4 ¥} e w7 £+ (PEM) ~1-100cm’

WRRL B IR R — AR IR (A RAR. FES) #HANEER KM B
FEE, DEEAE KX ERERNHERBERGE, FACTHBEEREAE (MEA) #75%
Ak, BB IR H] DL B R 2 A7 B AR 4 A A 3 A BRR

MR B ERR R E LN E4ERETHRRY, 50 EMKA RIFHESE
ik, XT T EA RS EM (900 Sem) FEm M (117 Wn'K) WESEL E2M, ZRHEF
FARBEfLE., BHAERE, TUN MARBZANEH, BhREERIAER
SRR B T, T DA R B (R AR R E IR

Current Coll
Collects the current producedin the fuel cell
Connactsthe fuel cell to externalloads

Separator Plate,

| gas — gasil viou
Distribute reactantgas — embedded flow field
Conductcurrent

Gasket,

Adjust compression/pinch
Provide gas-tight seal

Gas DiffusionLayer (GDL).
Conductive porous materials
Enhancereactantgas diffusion

CatalystLayer.
Perform s electrochemicalreaction

P
Transfer proton
Separatereactantgas

M Electrode
(MEA),

o F A B e T BT :

1L REERGT: FERTEAN, TUEZ A BET/B)
2. B KRENAN: et Brm AR EE., BB ERE TN TLE;
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SMBEMEEEBR: RRWAKEEM, MiFE, BRE/SRE. SIREE,

4. &R TR R FRAET:
5. BN
BT MEA JE B4R,

6. FRELRENE: BN ek (EAEREE 2R ;

HLE [
T.RERR AR R EREE.
HRMRFEREUATR K
L. B ENIE TR ERBK,
2. B B S
3. B R T e e Ak
4. N E Belleville # % $uE ,
5. A BB MR E (1200)
6. RAIH, ATATXEEZ 1/4%ETEH (EA

SRR, EeR- TR
RE 4% 2 2 OB vt 0 3B R R B A L 1 L A A A 45 R AR

203

TH R fo L TEL 5| A Y

REREHAWERIEE (ERESHRE 250

BT 4w i e 2 5

F 1. 571 25cm’ 98 &AL

TR, ATATEREE 1/4%TEE (EMAT 50 7 100cm’ #9820 E D

SR L MRE M R R T AR AR, EEA/HE . B BEEAE, wTHEHAT:
Straight Channel Flow Patten  Column Flow Pattern
EMBHK:
A5 GERER I, 5, and 25 cn’ | 50, 100cn’
£ Bi% %45
FEAR H.im TH BRK
S FEEL
A Belleville # % #. %
Bl B
[ & F AR AA. AA. BA. T, LB, RARREERFRK
EETITERE 65-75C
xEm LERE 180°C
i He 2k 1/4 “Ra#k 1/4“ 145 408 Sk

AL (H*WHL) 11X9. 5X4. 5cm 13X13X5¢m
S 3B 5.5 B
3 R / B % 3 R
”H / R4
T i WEEE AR E (1201 /
o y FC-50 & 14 7] § WA R — #2

R, QR EmA
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lllllllll

15. 5 IR W HE BF-5/25cm’

5 1% G v ot A R Bt 2K L, JRUR B AR B R B T AR B T B R
fEFEEMI, FEZTERFIINEM. U BERFEERE T AT RITERE
FARA AR . AR TR R R 8RB

BMREME—EMER T SEAEMTRE, MRERT 2 BFHE, LRFITITHE.
REEMFARASEMAT, B EHAMYEN “TE” . REEMIE - ERERE
HYBR o TR R ML EY SR IR 0T PR B B IR T, B Ak e R R R R 2 R AL BN R

AT AR Bl B, AT — A E TR R R T SRR BRI, AR
A RETEHMRFL LS. TAELERGHRESBEHRGELE, NTHRKR T RIERE
L LB AR P R

R R A R R
L AL T AR
2. e kw s
AT hERENEEEL
4.Belleville 3%
5. NEBMERMHE (120 K) , ATHRFEHMEE
6. FIT 5 1/4 &~ E R & B8R AR
DT L A RO B R 4R B R B
LA/ EA GREMARETE)
2. f AR

3. HEH

Cokimn Flow Pattern Siraight Channel Flow Patem

T8 o X 8, ek 2 BA A
G it HE: CREA AR (A7)
AL AR T Z FaR R~ (& X% XK) :11X9. 5X4. 5cm

ot # 25c’ T M e A A L ?%(E%) : ‘3

Belleville #4 FETAERE:: 65-75°C
WE G A (120W) , A TREFEMEE RERE: Sik 180C
FThH1/4(TERTEBENR AT
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16 ML R FUE ¥ &

e AL K FME (Functional Materials Expert) DL _EW@# S Arp A R E A
KT, BAENN LR L AE &, BE—NUSNGEMR AR, FENRESH, BErHE
GFERFEAH XY TE, EXE, G UWERENIIAS &EAME R EE, BF
PEM J# 4 et . PEM B A7 A8 | AEM B 8 A% (PR 5 RE s A8) | ALK B A7 A% (0 [ FE =X L AR 18 |
BUA(FLE.ERLE). B FHEAER, S FE. A FE. XK. BER (COM. MEA)
ST #E (GDLMPLs) . BR4L. B, i, fm 2H. A ENRK. B, Shi. THMNE.
ALK 4% [% i (PPS. ZIFION) . KR . B s A0 2 4K % A (AEM % AC. PEM HLAE /K
CO2 L JE., CO2 # FEs., MAdmu MR &), FEEFLES,

MENRER

Functional

Materials

Expert
R E MEMBPIiEF

16. 1 RFEWK )% (PNB) B A-FA & F RE K EB WK

NEMBERPEBLIEAFETETAFNARAR, I H— MR REK
O AL G R B B F B (PNB-AEM) , 7 55um A7 112um A A ARE B E (B E), T UERE A
30. 5em 9 &M MR, £ 80°CH, HAAMEFE>200 mS/cm. EFH & PH BT A M,
E>1200 /NBF, 80OCHIKOH HEF G, HBEFEHA<1% RTBFFE, FIHEEZE
EWAE TR, 2 %) 1 B AR B 75 Woks 25 0 4 A (JEVS 9K 4 & PNB-OER Fu PNB-HER %
A2 F))

L 1
e

R & JK 4 Polynorbornene (PNB) AL AR 34 52 [F] B F 2 4% JE & F 1~ 4 PFAS Wy R [# 0k B &
BT EA LRI R B AT K. R T AEM AR A8 R LAY Ao JE R Gu 4 R BT, AL S
BERS T BEMAERNREHE, PNB-AEMWE FESH 2 2L A8 T THE R
FERFY .

[ ]
[ < :? 'n
CH,CH,CO,H
Br

139



BuBSEADER

ThEEM B E S Functional Materials Expert

16. 1.1 ZHHNR

R K IR 77 &
£ K PNB-55 PNB-112
e RE 55 4um 1124 4um
#EE ¥ %% (0lefin)
LI A A 1R FAKAE
BIX#AE ~3.5 meq/g BTk
wr | o e e | AT
HLH 5% (MPa) >30 (dry) Instron
# K& (GPa) >1.0 (dry) Instron
BrREKE %) >35 (dry) Instron
R+ Mg value % (at RT in H,0)
T ES 40-45 % (at RT in H0)
FHAR = ¥4 (Trimethylammonium)
R4 Tg(C) 170 - 190 DMA
REF Bromide

Wa kI (U TKEYRTESEXR, wEEEEX, ELEHER)
16. 1.2 7& AEM YA R: R ot o ey P BB R I
180 B ER, RS RFAIXIT 3. 4W en' (K 9A/cm’ H R E)
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Table II. AEM fuel cell performance highlights at 60°C.

H, Cell P(Ru/C PuC Spec. Spec.

XL crossover OCV  A/Cdew HFR potential CD PPD loading loading power power Spec. current  Spec. current
(mol%) (mA/em?®)* (V) point (°C) (m€)® (V)  (mA/em?) (W/em?) (mg/eri®) (mg/em®)® (W/mg PtRu) (W/mgPt) (mA/mg PtRu) (mA/mg Pt)

0 40 0.881 50/50 76 0.555 2497 1.39 0.472 0424 294 3.27 5291 5890
2.5 25 0.873 55/55 11.1 0.547 2270 1.24 0.331 0313 375 3:97. 6857 7251
5 5 0.950  48/52 8.1 0.554 3431 1.90 0.948 0.490 2.01 3.88 3620 7003
10 54 0.882  40/40 7.0 0.555 3417 1.89 0.730 0.515 2.56 3.68 4680 6634
15 12 0930  40/40 6.2 0.537 4097 2.20 0.986 0.560 223 393 4155 7316

*Hydrogen crossover measured by EIS; PHigh frequency resistance measured by EIS; “Metal loadings for specific power and current determined by XRF.
All other values measured or calculated based on test station data. XL = cross-linker concentration: A/C = denotes anode (A) and cathode (C) dew points
in degrees Celsius, respectively; CD = current density; PPD = peak power density.

Table IIL. Fuel cell performance highlights at 80°C.

Cell PtRu/C PY/C Spec. Spec.
XT-. OCV A/Cdew HFR potential CD PPD loading loading power power Spec. current ~ Spec. current
(mol%) (V) point (°C) (mL) (V)  (mAlm?) (W/em?) (mg/lem?®) (mg/em?) (W/mgPtRu) (W/mgPt) (mA/mgPtRu) (mA/ing Pt)
10 1.001 68/74 7.01 0514 5940 3.06 0.70 0.60 4.36 5.09 8491 9906
15 1.016 67/74 5.05 0.524 6425 337 0.70 0.60 4.81 5.61 9182 10712
20 1.009- 68/75 152 0.536 5588 3.00 0.70 0.60 4.28 4.99 7982 9313
25 0.996 68/76 574 0.528 6179 3.27 0.70 0.60 4.66 5.44 8834 10307

“High frequency resistance measured by EIS; All other values measured or calculated based on test station data. XL = cross-linker concentration; A/C =
denotes anode (A) and cathode (C) dew points in degrees Celsius, respectively; CD = current density; PPD = peak power density.
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Figure 5. Polarization and power curves for AEMFCs operating at: (i)
80 °C and reacting gas flow rates of 1.0°'L/min with anode/cathode
dew points that optimize power density (71/73 “C) with no back
pressurization (green circles); (i) BOL conditions: 75 °C with a
reacting gas flow rate of 0.3 L/min and anode/cathode dew points of
73/74 °C with no back pressurization (red squares); (iii) EOL
conditions: 75 °C with a reacting gas flow rate of 0.3 L/min and
anode/cathode dew points of 72/74 °C with no back pressurization
(blue triangles).

16. 1. 3 B 5 H MK

Table 1
Properties of poly(butyl norbornene-b-quaternary ammonium propyl norbomene-b-butyl norbornene-b-quaternary ammonium propyl norbornene) membranes in
hydroxide form.

Block copolymer Molecular Weight” M,/M, IEC (lon Exchange OH' Conductivity (mS/ o/IEC' Water Hydration Nice Npouna Inter-domain
(kg/mol) Capacity) (meq./g)”  cm)® Uptake® (%)  number A spacing, d (nm)"
25°C 80°C

PNB-X74-Yas 39.58 1.42 1.55 23.4 61.3 39.5 26.2 9.41 0.91 8.50 ND
PNB-X;0-Ya0 37.97 1.29 1.77 27.0 67.4 38.1 59.6 18.71 542 1329 37.2
PNB-X¢7-Y33 38.86 1.28 1.92 32.2 718 37.4 68.8 19.91 7.81 1210 44.2
PNB-Xg2-Yas 50.77 1.54 2.21 50.9 101.9 46.1 71.0 17.85 761 10.24 49.9
PNB-X54-Ya6 45.33 1.55 2.60 44.9 80.0 30.8 133.6 28.55 10.65 17.90 86.4
PNB-X¢5-Y3z 1149 1.42 1.88 62.0 122.7. 65.2 63.0 18.62 6.74 11.88 ND

@ Measured in bromopropyl form by gel permeation chromatography at RT in THF relative to polystyrene standards.
b IEC (lon Exchange Capacity) was calculated via 'H NMR results in bromopropyl form.
¢ OH" conductivity was measured by four-probe conductivity cell.
4 Tonic conductivity at 80 °C/IEC.
Water uptake was measured at room temperature.
f Inter-domain spacing measured using small angle X-ray scattering (SAXS) in bromide form; ND = not determined. PNB = polynorbornene; X = hydrophobic
block; Y = hydrophilic block; numbers in the subscript indicate the molar ratio of each block.
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Fig. 5. lonic conductivity of polynorbornene AEMs at different temperature. Fig. 6. Arrhenius plot of Ino vs. inverse temperature for polynorbornene AEMs.
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Fig. 7. The alkaline stability of polynorbornene AEMs at 1 M NaOH solution at  nomer to carbon ratio) with and without iR correction. Cell temperature was
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Figure 5. Alkaline stability of cross-linked AEMs in 1 M NaOH solution at 80 °C. Monitoring the drop in OH™ conductivity over time (left). FT-
IR spectra of XL10-PNB-X;,-Y, for characterization of the chemical structure (right).
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Table I. Properties of poly(norbornene) ionomers.

Ionic Conductivity (mS cm™!)

Sample M, (kDa) b IEC (meq gfl) 252 80 °C o/IEC (g S/cm eq) (80 °C) WU (%)
GTO 84.45 T 0 ND ND ND ND
GTI1 84.73 1.62 0.69 047 0.79 1.14 3.7
GTI18 36.53 1.38 1.13 5.8 116 10.3 15
GT32 114.9 1.42 1.88 62 123 65.4 63
GT38 50.77 1.54 221 51 102 46.2 71
GT74Y 40.35 1.26 3.56 80 160 449 103
GT75" 73.8 1.51 3.63 99 201 55.4 119
GT82" 57.7 1.41 3.88 109 212 54.6 122
GT100” 2331 1.42 473 66 148 313 89

a) o and WU measured with 5 mol% TMHDA cross-linker. b) o and WU measured with 15 mol% TMHDA cross-linker. GT18, GT32, GT38, and GT100
were synthesized using BPNB as the halogenated block and the others used BBNB. IEC was determined by 'H NMR in bromide form. Standard deviation for
WU was = 3%. ND = not determined.
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Figure 2. Comparison of polarization curves of MEAs with various OER
ionomer content after, break-in. The AEM was radiation grafted ETFE
(25 pem thick). The anode ionomer was GT25 and catalyst was PbRuO,. The
cathode ionomer was GT73 (20 wt%) and catalyst was PtNi.
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Figure 3. Cell voltage vs time of MEAs with various OER ionomer content
at 1 Acm 2 The AEM was radiation grafted ETFE (25 um thick). The
anode ionomer was GT25 and catalyst was PbRuO,. The cathode ionomer
was GT73 (20 wit%) and catalyst was PtNi. From top to bottom (at time
zero), the ionomer content is 45%, 15%, 30% and 25%.
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Figure 4. Comparison of polarization curves of MEAs with OER ionomers
of various ion exchange capacities after break-in. The AEM was GT74 with a
PTFE reinforcement layer (50 ym thick, 5 mol% cross-linking). The anode
catalyst was IrO;. The cathode ionomer was GT32 (20 wi%) and catalyst was
PyC.

Table II. EIS data of MEAs with various amounts of GT11 ionomer and PTFE.

Sample (Ionomer wt%) HFR (Ohm-cm?) LFR (Ohm-cm?) R., (Ohm-cm?)
25% 0.39 527 4.88
50% 0.44 527 4.84
12.5% 0:39. 4.80 4.40
25% + 8% PTFE 045 L.10 0.65
Table III. Properties of cross-linked ionomers.

Tonic Conductivity (mS em™)
Sample Cross-linking (mol%) IEC (meg g™") 25°C 80 °C allEC (80 °C) WU (%)
GT72 0 3.54 ND ND ND 1000
GT72-5 1 3.50 83 174, 50.0 96
GT72-10 347 69 153 44.1 8
GT72-15 344 57 131 38.1 66
IEC was determined by "H NMR in bromide form. Slamizmi deviation for WU was + 3%. ND = not determined.
23 3.0
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Figure 5. Cell voltage vs time for MEAs with OER ionomers of various ion exchange capacity at 100 mA cm™2 (left) and 500 mA cm ™2 (right). The AEM was
GT74 with a PTFE reinforcement layer (50 m thick, 5 mol% cross-linking). The anode catalyst was IrO,. The cathode ionomer was GT32 (20 wt%) and catalyst

was Pt/C.
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Figure 6. Comparison of polarization curves of MEAs with various amounts
of OER ionomer and PTFE after break-in. The AEM was GT74 with a PTFE
reinforcement layer (35 pm thick, 5 mol% cross-linker). The anode ionomer
was GT11 and catalyst was IrO,. The cathode ionomer was GT32 (20 wt%)
and catalyst was Pt/C.

15
®- 25% lonomer
®  50% lonomer
A 12.5% lonomer
v 25% lonomer + 8% PTFE
-1.0 H
w
E
£
e
N
0.5 >
A
e
Ay .ll 'Y
e % a
0.0 ——& T T \j
0.0 05 1.0 1.5
Z' (Ohms)

Figure 8. Comparison of Nyquist plots of MEAs with various amounts of
OER ionomer and PTFE. The AEM was GT74 with a PTFE reinforcement
layer (35 pm thick, 5 mol% cross-linking). The anode ionomer was GT11
and catalyst was IrO,. The cathode tonomer was GT32 (20 wt%) and catalyst
was PU/C.
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Figure 7. Cell voltage vs time for MEAs with various OER ionomer content
and PTFE at 100 mA cm ™2, The AEM was GT74 with a PTFE reinforcement
layer (35 ym thick, S mol% cross-linking). The anode ionomer was GT11
and catalyst was IrO5. The cathode ionomer was GT32 (20 wt%) and catalyst
was Pt/C.
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Figure 9. Cell voltage vs time for OER ionomers at 1 A cm™ constant
current. The anode catalyst was PbRuO,. The cathode ionomer was GT74
(20 wt%) and the catalyst was PtRu on ECS-3701.
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Figure 1. Operation of an AEMEL at 1.0 A cm™ and 60 °C with various
concentrations of added KOH. The cells were first operated with DI water
and no initial KOH feed. Anode: IrOx catalyst with GT69 ionomer. Cathode:

PiNi catalyst with GT-32 ionomer; AEM: GT72-10 (30 pum).

144

Fig. 1. Cell voltage vs time for MEAs with various epoxy contents at 0.5 A/cm?.
The AEM was GT72-10 with PTFE reinforcement (30 pm thick). The anode used
GT72-10 ionomer and PbRuOx catalyst. The cathode used GT72-3 ionomer and
Pt3Ni/C catalyst. The two-part epoxy binder was added to the electrode inks at
a loading of 0.65 mg/cm? corresponding to “1X”.
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Figure 2. (a). Polarization curves collected at start of the cell operation on 0.3 M KOH and then at different times while the cell was switched to DI water feed.
(b). Steady state voltage response of the cell initially operated with 0.3 M KOH and then switched to DI water while operating at a constant current density of 1.0
A em™. AEM: GT-72-10 (30 pm), IrOx as OER electrocatalyst and PtNi as HER electrocatalyst. Cell operated with no backpressure at cell temperature 60 °C.

19 4
18

g17 /\

ED 16
S15 4
14 4 = Feed: 0.3M KOH operated at
14 == Feed: 0.3 M KOH i 1A/em2
13 4
13 . " s . . . N . . -
0 01 02 03 04 05 06 07 08 039 1 0 10 20 30 4Q|- 50 60 70 | 8d 90 100
Current Density (A/em2) ime (hrs)

Figure 3. AEMEL (a) polarization curves and (b) durability test (at 1.0 A em™?) showing the voltage response of a cell that was completely operated while
feeding 0.3 M KOH electrolyte. AEM: GT-72-10 (30 pzm). Anode catalyst: IrOx. Cathode catalyst: PtNi. Cell temperature: 60 °C.
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Figure 4. Nyquist plots and circuit analysis for an AEMEL operating at 100 mA cm ™2 (Blue curves), 500 mA cm™? (Yellow curves) and 1000 mA ¢m ™2 (Red

curves) operated in (A) 0.3 M KOH: and (B) DI water.

Table I. EIS data parameters obtained by fitting the data with an equivalent circuit at different current densities while operating on (A) 0.3 M KOH

and (B) DI water.

0.3 M KOH DI water
Parameter 100 mA cm ™2 500 mA em ™2 1000 mA cm ™2 100 mA cm™2 500 mA em ™2 1000 mA cm ™2
Q, (salf2) 1.10661 0.509898 0.178236 0.170222 0.079326 0.153619
a 0.62144 0.708758 0.83654 0.67152 0.790077 0.756816
Rs (©2) 0.042035 0.040652 0.045338 0.052312 0.0618 0.06441
R, (Q) 0.087624 0.028482 0.018081 0.130921 0.052089 0.031112
x? 0.011895 0.008204 0.003794 0.030734 0.011121 0.002551
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Figure 5. (A) Polarization curves and (B) durability test (at 1.0 A cm™) for an AEMEL only exposed to DI water during operation. AEM: GT-72-10 (30 pum);
Anode: IrOx; Cathode: PiNi. Cell temperature: 60 °C.
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Fig. 3. Left side shows chrono-voltammogram showing durability for MEAs with various self-adhesive ionomers at 0.75 A/cm® The AEM was GT72-10 with PTFE
reinforcement layer (30 pm thick, 10 mol% cross-linking). The anode catalyst was NiFe,04 and the cathode catalyst was PtNi/C. Right side shows polarization curves

for MEAs

the TP2 and GT79.8-10TA cells with a surface area of 4 cm®.
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Fig. 4. Cell voltage vs time (left side) and polarization curves (right side) for MEAs with various TP2 ionomer content in anode at 0.75 A/crnz. The AEM was GT72-10
with PTFE reinforcement layer (30 pm thick, 10 mol% cross-linker). The anode catalyst was NiFe,0 4 with 2 mg/cm? loading and the cathode catalyst was PtsNi/C
with 1.5 mg/cm? loading,

30 20

254 194
. 204 1.83V @ 1A/em? 18
S ; -
5 =
<3
& 1541.80V @ 0.75 Alem? S174
2 s

1.0 = 184

0.5

15+
+— EOL
PGM-free anode
0.0 b ey 5, . . . . . .
50 100 150 200 250 300 350 400 450 500 550 600 650 0.0 02 0.4 0.6 0.8 1.0 12

Time (h)

Current density (A/lem?)

Fig. 6. Durability test (left side) and steady state polarization curves (right side)for BOL and EOL (right side) at 0.75 A/em? (first 100 h) and 1 A/cm? (after 100 h).
The AEM was GT72-10 with PTFE reinforcement layer (30 pm thick, 10 mol% cross-linker). The anode catalyst was 0.7 rﬂ‘g/ct'ﬂ2 NiFe,0, and the cathode catalyst was
PtNi/C.
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& A B PR AR A BE AR A AL, DAME 5 A 77 b b B9 7 IR PEMPC-MEA A8 th, BE4% T % & AT 8 —
A, TERMET M & ornsl:

0.8
0.7
0.6
0.5

0.4

E@0.2A/cm? [V]

0.3

0.2

200

1

180
2 160
P, [%] 3 140 T[°C]

16.2.2 PBI ik &) R0 MEA ZEB EZ Ly BB E
H ILHY B iR PEMFC 2 B 3@ % Bk sFok»t (PBI) = PBI eyt B4y, HEREW £
Z R A, R TR R AR ER T PR B A0 S BB Z L& . PEMPC 7 A AR M 7= 4
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BuBSEADER

KEHEERE Y, KOFERHE—FRET 1F5% PBI LM BRZ I Z . Celtec—P MEAs i 3
B Fo oy PBI R, 5o &0 9 I S5 R AR BR B 0K o S 1 I AR R P Y 4 IROROBL #EAT K
KL, G HAT B R EFH R AR S BRUKE Celtec-P i, X % - %t i 6 & F £ A.3F PBI
EREHOLE, EFPHREAYN AL EEN, St B 545 PRI BAFILAH E D WBRE
Bl AL, SCE = MR R EKH, £ CeltecP MEA # Celtec—P FEF DA% # 52 FL A 3F 20000
INEFEIE R FE A, TERET Celtec—P MEA £ 1BV B 4 T IL R gE.

0.8
0.7
0.6

0.5

E@0.2A/cm? [V]

0.4

0.3

0.2

200
180

2 160
P, [%] 3 140 T[°C]

16.3 & BE LA

16.3.1 &K 4 B #E A NiFe,0,
AR, RERLATELBHEE—UREE H, RXEHLBRMLA
(FME-PGM-0101) i 2 E B ## 0, T TEoMEAHI S, BB B bSas, £5% 0T Hr:

B MR RBEHR AT T (NiFe)0,)
2y 3 99. 99%
APS 20 nm
e T
IS HERF
K E 0. 60g/cm’
AELEE 5.368 g/cm’
Yafn g aE B Ms | 37. Temu/g
EABYE | ABMNAEE Mr | 5. 3emu/g
W A7 65 Oe

AR R K EMMEF (NiFe,0,) 4-47iEH PPM
Ba Ca Co Cr Cu Mg Mn Na Sr Zn
1.35 | 368 33 12 28 85 343 235 3 29
16. 3. 2 NiFe,0, 89 F :
HFER (ATEFASKERD) ; BT EHMITRNFG BRI A, #AR,; iRk,
B
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40 KR F NiFe,0, B9 X 8T 4
16. 3.3 FEH 4B B MLA Co0,

XFEFR&BREANEZEREH#H D, TR TEMBAFEAFNE, L5 TH
B2 gk R WA =M R (Cop)

u 99. 5%

APS 30-50 nm

P e, Rige

SSA 30-80 m’/g

) 6.11 g/cm’

PAFHEN=F B AR (Co0,) ~COA-%

Co Ni Fe Pb Mn Cu Ca Mg Na Si Al S
74 1 0.02 | 0.01 | 0.01 | 0.01 | 0.003-/0.01 | 0.01 | 0.01 | 0.02 | 0.01 | 0.01
16. 3. 4 Co,0, & b7 &y 5z

RENKBHEN =R R EE A, B, WEFTRMENEZNTHME; 7 LUE
HAE W Fo A BAR AR AR TE AR TR T3, BEFEeMNHR; TUATh
F T EWA A NA KRBT TR EREAELA LR A BE AR RE;
ERTHEEEATL, EFEL. 28 FRMERME. BEMAR; ERTE6XE; #X; &
By ZAEEAA; AMERKESSE

\‘Cﬂbﬂh’ Oxide Nanoparticle (Co304) 30-50um ~99.5% 'S Cozi L;U-

J v
v
j M
8 a L 8 g g 7 8 8 8

UK BT A S K Co0, X A,
16. 4 & =08 F &M RE

W7 £ D WAE TR, BB PME B U HE A E S FHE, SR EEL, KT,
16. 4.1 FME-PEM-0101 FH 3 F & (s 4 A)
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RHEETFREERE M AE FRGEEN 2SRRI FE, BA G R Efd
FUEEE. WA, ARMEGEURFRENE, TARR. BR. REALANRETZ 44
T, Tz AT PEM A e AR ) A 5 4T .

| F R R B E T

LIERARCGHERFEL R, .

2. F R ARG S AL E AT, B RIRER KL,

. REFEANARFERHEE, LAFMERE 23+£5°C, HAIEE 30-T0%H F &
H, EFEE, NRFFBENIRBARE 24 B, —EBEFHE, HFRARERATE.

4. FR—EFRMRBEREY, m R &M AR ERE T, F AR LB R T,
7| BERY R~T L% 45 E 23°C, 50%RH R4 T & .

ThEEM B E S Functional Materials Expert

AN MR 77 &
A= FME-PEM-0101 /
% & (um) 170+10 /
wE (g/m) 350410 /
BIREAE (mmol/g) = 0.90 GB/T 20042, 3-2009
HEE (mS/cm) = 100 GB/T 20042. 3-2009
TAKE (%) < 30 ASTM D570
B & (%) X; Y; Z < 19; 19; 20 ASTM D570
#1452 B (MPa) = 25 ASTM D 882
# M1 2 (MPa) = 180 ASTM D 882
iy 2 {2 (%) = 300 ASTM D 882
R+%%E EH +1.5% /

16. 4. 2 FME-PEM-0102 FE & F JE (R Rt t)
REAEFREBRE—HEAETRETHANLAEBRNEL TR, BEH 15un,
EARB R, WA, RS U R LFRES, TERR. BR. BEALA
NMREFANEGETER, JEATEAE. BAE. XE. RAN. £ARE. FEX %=
W& R 3 4
W AR B E T
| BARCEEBEAELSR, EPABNARFEAESTE RN, BEFL;
2. FRE MR AL E, REAERKL.
L.EREERANARESHAE, —EFARE, AAEMERE 23+5°C, HARE
50E5%H I EF, FRKEH T,

AN Mk 77 %
ik FME-PEM-0102 /
% & (um) 15+1 /
BIRERE (mmol/g) 1.00-1. 10 GB/T 20042. 3-2009

BEE (mS/cm) = 30 £ 85°C A7 50%RH 138 T 12

AR E (MPa) = 25 AL 25°C A8 50%RH 138 T P15
2% T E (nl/minkem’) < 0.01 £ 23°C, 0. 1MPa, 2h BRIl

5 Pk 4% = (MPa) = 250 T 25°CHE TR

R T RAE (%) < 7.50 T 80°C T4 T K

16. 4. 3 FME-PEM-0201~0204 FH & FB& (A8 e, 3th)

RGP T M R 1 Jr e & BB W R FE A AL Am A\ T B4R R I A L ¥ (e—PTFE)
EAREMHN, EARER, B X5, BTLEXRFF A, FEF A 12un, 15um, 25um,
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Slum, " ZATRAE. BAE. XFE. TAN, EHAER, BEEALEILFRAEHT 6,

PEM-0201  PEM-0202  PEM-0203 PEM-0204 k7
B (um) 12 15 25 51 -
wE (g/m) 23.5 29.5 50.0 102.0 -
MD 45 40 30 ASTM D882
T R (MP
HHEE (IPa) D 38 35 / ASTM D882
MD 480 400 400 ASTM D882
2 (MP
AR E (Pa) TD 400 350 / ASTM D882
MD 175 190 180 ASTM D882
N ﬁ‘l{ _&>< %
WAL () TD 150 170 150 ASTM D882
thE 1. 97 1. 97 1. 97 -
‘ GB/T
# (S 0. 100 0.110 0. 100
P 20042, 3-2009
SAFEILFE GB/T1038-200
PANS * <5.00X10° | <4.50%10° / /
Lem’ ecm/ (cm® *s +0. 1MPa) ] 0
FEEEREE (mh/cm’) <2.0 <2.0 / -
&K E (%) 10.0+3.0 | 10.0%3.0 5.0£3.0 ASTM D570
R AE (%) 50.045.0 | 50.0%5.0 50. 0+5.0 ASTM D570
B Rk % (%) -23°C <10 <15 <10 ASTM D756
B & V5 ik Z (%) -100°C <30 <40 <30 ASTM D756
MD <3 <4
%A K R (%) -23°C <4 ASTM D756
& VA K = (%) 0 = <5
% BBk =E (%) -100°C b =5 =T <20 ASTM D756
Z l 7/@ S — ° <
’ D <5 <7

i

S O W DD

FENIA BT 23°C, 50%Rh BB T £ D E 24h;
CHEE R E 80°C, 90%Rh B AT;
CAARE R ENRAE K FJEZ F A 23°C, 50%Rh T #ATHY;

CEA BRI L 2 R MEA, 7 80°CAR T & KARA T#HAT;
A KERIEEAAL 23°C, 50%Rh FRE TS T TRMA KE,;
CROKEZIEEAE 100°C, AE 1h AN T TEARAE

7. K A 2 38 8 FE A 23°C, 50%Rh BRI T iR A\ 23°C A1 100°C A J5 B | KB K %
16. 4. 4 FME-PEM-0205~0212 FH & F & (4L . #b)
RATEE FRGEERREEFEIRFINTREMIRE EFAN, BT T EHNRE
FofRyg AL AL 88, JEZH A 50um. 62um. 75um. 87um. 100um. 125um. 175um. 250um -+
MEZ, FENATHRREM, Ho5K0THR;

A5 % & (un) % E (g/m)
FME-PEM-0205 50 99
FME-PEM-0206 62 122
FME-PEM-0207 75 148
FME-PEM-0208 87 172
FME-PEM-0209 100 197
FME-PEM-0210 125 246
FME-PEM-0211 175 345
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| FME-PEM-0212 250 | 492 |
MRESH T
MR 77 %
HL 1 7 E (MPa) 38 ASTM D882
# P12 (MPa) 420 ASTM D882
Wi 3 K & (%) =150 ASTM D882
tLE 1.97 -
HF & (S/cm) 0. 100 GB/T 20042. 3-2009
7 %% (meq/g) 0.95-1. 05 GB/T1038-2000

& Z (%) 5.0+3.0 ASTM D570
A (%) 50.0+5.0 ASTM D570
B & B K& (%) -23°C <5 ASTM D756
B BB FE (%) -100°C <15 ASTM D756
GBI E (%) -23C <5 ASTM D756
SR E (6)-100°C <18 ASTM D756

E: 1. BMRET 7 23°C, 50%Rh FE T E DK E 24h;
2. W5 F K 2 80°C, 90%Rh T #A4T;
SEMAEMNARKARBARBEETHNERRLE, \TEFLHENREERE T
LB E;
4. HKERFEELE 23°C, 50%Rh FRE THMTTHEWAKE;
5. WMAKEZIEEA 100°C, A& 1h G T THEAR AR
6. ¥ i Z IR = 38 K A 23°C, 50%Rh FFHE TR A 23°C A1 100°C A F E I A B K& o
16. 4. 5 FME-PEM-0213/0214 FH& F fE (R AR AT k)

XAV EFREEXRARENRELL, BUAEN) TERME FRELEN L AR
A AE, R REEWHRE, BEF A 260un, 360um BT AR E, JTRZAA T REEZ
FHAKER. MAREKE., &M E&. AEBREFR. BHA &, BSTEEMTL, 3
A5 H T BTN

A= % % (um) E (g/m)
FME-PEM-0213 260 340
FME-PEM-0214 360 470

MRS B T
MK 77E
#1458 B (MPa) 50 ASTM D882
iy 2 {8 K & (%) 120 ASTM D882
tbE 1.35 -
% £ (S/cm) 0. 083 GB/T 20042. 3-2009

B A& (meq/g) 0.95-1. 05 GB/T1038-2000
A KE %) 5.0£3.0 ASTM D570
WK (%) 50.0+5.0 ASTM D570
B E K E (%) -23C 5 ASTM D756
& & % K % (%) -100°C 10 ASTM D756
SHBE R E () -23°C 2 ASTM D756
LMK E (%) -100°C 5 ASTM D756
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VE: 1. EWMR BT 23°C, 50%Rh BT £ DK E 24h;
2. W5 F K 2 80°C, 90%Rh T #A4T;
SBRABNKZRARBARBEEFHNERRLEE, A\MELLENREESH T
LB E;
4. &K BAFEEE 23°C, 50%Rh FE TN T TFHREEKE;
5. WMAKEZIEEA 100°C, A& 1h G T THEAR AR
6. % i Z 4K 2 38 K B 23°C,50%Rh R4 TR A\ 23°C 1 100°C A EHI R A B K% .
16. 4. 6 FME-PEM—0215 FH & F & (H.3547)
RABGBRERNALIENAENIEERE BUAEN L, TENE TR BEEEN L AHER
P RE, BE K 220um, BHEBEMAFEFW AN, TZATEHREALE, BENEAL
BG, #WasEwT R

Cil= E % (um) % E (g/m)
FME-PEM-0215 220 290
MRES W T
WRTT %
#1458 & (MPa) 50 ASTM D882
W 5 K & (%) 120 ASTM D882
thE 1.32 -
B & (S/cm) 0. 083 GB/T 20042. 3-2009
" % & (meq/g) 0.95-1. 05 GB/T1038-2000
aKE %) 5.04+3.0 ASTM D570
WK (%) 50.0+5.0 ASTM D570
B K % (%) -23°C 5 ASTM D756
B & %K & (%) -100°C 8 ASTM D756
BB E () -23°C 2 ASTM D756
SMEBRK X (%)-100°C 5 ASTM D756

VE: 1 BEMRET A 23°C, 50%RhFE T E DK E 24h;
2. W5 F K 2 80°C, 90%Rh T #A4T;
SBRABNKZRARBARBEEFHNHERRLEE, A\WELLENREEXE T
LB '
CEKERIEE 23°C, 50%Rh FE TN T FHREEKE;
CRAKEZIEEAE 100°C, AE h EAMT THEAR AR
VB F KR 45 BE AN 23°C, 50%Rh PR HE T 32 A\ 23°C A1 100°C A F i A B K% .
16. 4.7 FME-PEM—0216~0218 FHE F i (B A A ] &)
RABHE, MUAENS TEFE FTRIEEEN 2RI A A LT b4 8 75 v 7 3
R, RABEKENEF ZF4, H 125un, 150um, 175um =# B &, S 2 B T PEM B # A H &
HAE, WHSHWT AR

S O1

iR B (um) % E (g/m)
FME-PEM-0216 125 246
FME-PEM-0217 150 295
FME-PEM-0218 175 345

MRESHwn T

iR 77
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#1452 & (MPa) 38 ASTM D882
#MHAEE (MPa) 250 ASTM D882
Wi 2 fF K & (%) 200 ASTM D882
tbE 1.97 -
HF & (S/cm) 0. 10 GB/T 20042. 3-2009
B 2 & (meq/g) 0.95-1. 05 GB/T1038-2000
A B R 2 4 (ppb) 1000 -
& E (%) 5.0£3.0 ASTM D570
T ACE (%) 50.0+5.0 ASTM D570
B E R E (%) -23°C 18 ASTM D756
B & %K E (%) -100°C 30 ASTM D756
SRR E () -23°C 16 ASTM D756
B RK X (%) -100°C 20 ASTM D756

VE: 1 BN R ZE 23°C, 50%Rh A E T E D E 24h;
2. B 5 RN & 80°C, 90%Rh T #1T;
SBMEBMREXFARREREE EFNERREE, NTTHRELNENREZERE T

RBBE;

4. K FEREEEARAEAANNIRE (B H A st 03FFAE ) R0 P & £ g A

FHASE, XIEHE AN,

A KERIGEA 23°C, 50%Rh FRIE THAM TN A KE;

5.
6. BAKRZIEAE 100°C, K& Ih FHEM T THEARAE
7. V5K 2 R 2 3K BE M 23°C, 50%Rh B T 32 A\ 23°C A1 100°C K F Ja HY i AR K % o
. 4.8 FME-PEM-0219 & & BB B T ## i O K)

16

SRABRE TRBMEE—fFaeRRSBa, ATHEEMN NS TE, 28 0T w;

PAEAT

M 7j

S, B & R 3 AR EPURIE =&
B % & (meq/g) 0.95-1. 05 GB/T20042. 3-2009
X Y & EW(g/mol) 950-1050 GB/T20042. 3-2009
thE 1.97-2. 00 -
- im E (°C) >350 Tg ME AT

E: LREEWNRERAGRREEEEREFWERREE, NTHRE LBNREEHE

FRHEE:

2. MIBEMREE TCHRELST: EAANAEF, NFIE 23°CHEZ 600C, F

B E R 10°C/min THATH .

16. 4.9 FME-PEM-0220~0223 2R FR & F X H#M I (A RK)
PRBERE TR BB R FER & EFRmBEMR COMEBEAA G E; T ATA2AE T
AN T/E, & 5%. 10%. 15%. 20%:X ek EHAE, S8 THT;
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% FME-PEM-0220  FME-PEM-0221 -  FME-PEM-0222  FME-PEM-0223
e & & (%) 5.0%0.5 10.0+0.5 15.0+0.5 20.040.5
B aE (%) 95.040.5 90.040.5 85.040.5 80.040.5
bE 0.91-0. 92 0. 93-0. 94 0. 95-0. 96 0. 96-0. 97
B 2 & (meq/g) 0.95-1. 05
XL & (g/mol) 950-1050
BARIKR KER A

16. 4. 10 EME-PEM-0301/0302 FH & F & (o8 B, 3th)

RHEMEEFERRBLNTRIEEEZALAEFTHNRAL, GHEELAE FTR®E, Bf
WHEEE., EHEE. BREE. AFEEFEREME, TERATHA B E FF
RBES R, BE A 15um A7 25um 7 A A4,

16. 4. 11 FME-PEM-0303/0304 FH & F B (5L % B 3tb)

SRAETREBAR RFRERE. RIEERIEIFME, 0 2 5 AT IR &

M. G ERGIE S SRR, 2 AEE 5lum A7 T6um B A AL
16. 4. 12 FME-PEM-0305~0308 FH B F Ji& (e 4 A % 4.

RARF|NfEE TREEEER, BT RMAFERE,

LR AR, LR A AL

Mo aHhElE. F4BEEWESE, EE A 10lun. 127um. 1520m. 178um W44 .

W 5B o T
A= J% & (um) Kz
FME-PEM-0301 15+ 3um : .
FME-PEM-0302 254 3um AR, RAFERE
s I . B RS EEE
FME-PEM-0305 101 = 5um
FME-PEM-0306 127 4 5um AR AKH A, B FERE, B,
FME-PEM-0307 1524 5um EEAAMN., 2HFE. K4 B EK
FME-PEM-0308 1784 5um
MRS BT
T H ¥ BEE
HHEEE (& FmEE) (MPa) 38 +1%
BERE (KB EE) %) 4 /
Wi 3 K & (%) 105 +1%
#L 4% & (MPa) 618 +1%
Fig & (h) >100000 /
% (g/cm’) 2 +0. 1%
% 7% & (meq/g) 1.0 +1%
4= (g/meq) 1000 +1%
B, % & (S/cm) 0.1 +1%
& AKCE (%) -23°C, RH=50% 3 +0. 1%
RAE %) -T A, R 100°C A, 5H 49 +1%
N, S 10 +1%
KEXE ) -E 23°CA, BHAT 240 = T
TELE (%) -F 23°CA, Bl A T 240 10 +1%

156

Ak




FIVIEE ThEe#t#E& 5K Functional Materials Expert

lllllllll

| | 15 | +1% |
E: BT AR, ZINR B AE 23°C, 50%Rh FRE TR A
16. 4. 13 FME-PEM-0309 & R B & F 2 #a4 e (B )
ARABTRGERITATHER e, EAFEREERENE TR GEEMEER
BAFIEE, REA — M, 280 NH R,

T H M REM
KE %) 5 +0. 05%
HE (g/cm’) 1 +0.01%
L & (g/meq) 1000 +0. 5%
7. %5 & (meq/g) 1.0 +0. 5%

e LTIREHBETHRE;
2. MM ZREEAR, FMEKRESFfE.

16.5 [E =P8 F R A AR
M7 R2RFONAE FHE, Bal PME B LR EH 2 E S FHE, 2R EE KT
16. 5.1 FME-AEM-0101~0103 %% M [ 8 F 2 e i

AHEAEFRBBEEFEREET . IRBE G MFREEFEL A, TR TRER
Fre ., AHEME. CO,LEE4E, H 15um, 25um, 75um = F & & H A&,

FRAE, BREERKE, —HF3E, FANAETRAKREZEEE, AR
e FREENERBET, REFKHIATE FLE, Flan, £ IMNaOH EHR +, 60°C TRA
24h, H A EBEFABELE 3-4 9k, TEEF OH B R,

FE:

L fE R A= &I E CCM B, 6 Rl R + B KA AR+ S FEAER Gwth) BL & ink,
EEEMBAR LA AR ERE TEAMEI T F2 A8 T2 COM, IRE\EFRHEATE T
X, FERERFIREEST 40%.

2AFRBRATERAEANENGZERLEK, &A4EAMEFEREA EAEMK,

SEMBNARAF AR LML RN AELENERFELZ.

S B0 T FR 5

MRS H FME-AEM-0101 FME-AEM-0102 FME-AEM-0103
& & (um) 1542 2542 7515
R #5E (mmol /g) 2.5040. 05 -
5 % (nS/cm) =150 =130
Lt #RE (MPa) - = i =30MPa
% A PH 7-14 | -
% R i E 20-80°C
% T KA Cl (THATH T M) | -
it A% € MR : 80°CT, IMNaOH % =7 5000h, ERELFEM, MHE TEAMEME

/NTF 5%,
16. 5. 2 FME-AEM-0104 [ B F 3¢ # JE ¥
AEAE TR EE R 5 FME-AEM-0101/0102/0103 = A TR EFE A, FA TH

A E R HOR, AR TR . KRS, CORRFITR, REMRELK
A bwth, W H DMSO/ ZEE R B, AEABEREAFEERFRE, EHA” & HME
CCM B, iH R ERFIHHEEE T 40%.

YR T T
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P RE S #K FME-AEM-0104
R ¥ 5 & (mmol /g) 2.5040. 05
& J PH 0-14
& FlRE =i ~95°C
e FRA Cl (FTHATHE FR#H)

it A% 2 MR 80°C T, IMNaOH 77 =76 5000h, E8ELFEM, MHE TEAMERE

/NTF 5%,
16. 5. 3 FME-AEM-0201~0204 % M B & F 3 e

ARV FEXRARLEESE, -FEETHENEIETED, B—FHLRERTEN
-FEET ARM, HEAREWN ARMs A, CEAEEHE AR E K (80°C, 10 M NaOH
KB, THF o4, B ELFR), BA R FHRTRE M (80°C, £ 45K FE Kk FE <10%,
7 10 M NaOH # % ik % <2%), & OH B.F % (80°CHT 274 139. 1mS/cm) 1 i ALAK M . (FLHL 7
415 MPa, Wi MKES0% . FAEEE MM AM AKX KEBEL2 OV AR EHE

G E(1.94 A Jemd) o

AR TR e, B TREEA, ZANKTRE, BRER, ®HRE,
BERIR, BEELR, WARZFIOR, BAAFENEEEA 20, 30, 60, 80um MAx,

V..
AR

LEBAFEAZAEYFETAE, REFE, HERRBEFFOAR TERY 1 DM

, NERE® T AWK 2-3 &,
2.BEFREABA, TRNFAETRE,
S B0 R 5

KERGE R R AR X o

M RE S B FME-AEM-0201  FME-AEM-0202 FME-AEM-0203  FME-AEM-0204
E & (um) 20 30 60 80
L5 & (meq/g) >2.5
B, % & (nS/cm, OH) 130-160(80°C)
L4 5% B (MPa) - = i >40
# K & (MPa) >1000
Wi 2 K (%) 10-50
R A ZE 25-80°C (%) 10-30
7Rk % 25-80°C (%) 5-14
# = 7% (5M KOH, 80°C) >2000 h
& [ (Qcem’) 0.125
& 8 (°C) % 15-90
(N 1-10 M #&

16.5. 4 FME-AEM—0205 [H % ¥ 2c # JE W %

A F A A R ] 5 FME-AEM-0201/0202/0203/0204 4 2k [F % F BB & 6 F , A

TR AR 1R B R RO, FT R TR AR
28 Bwth

KA. CO,ERFFE, Rehie

M EE S B FME-AEM-0205
R # 5E (mmol/g) 2.4
& E F 8 ~100°C

VE: AR, 80°C, 5M KOH A H 32 # 3000 /N, AZ#L K B ow & o

16. 6 ALK . #F A F% &
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16. 6.1 FME-PPS—-0101~0104 3 % i Bt [ & (3% M B A% A ALK)

R LB I8 I (PPS) 3 % Al T S M [ IR X s AR AR ALK o, R B A& ALK R By
F_RFER, BRETHERFNERERALA AR E.

MRESH T

e FME-PPS-0101 FME-PPS=0102 FME-PPS-0103 FME-PPS-0104
M2 B#/% | 25(9)/30(#) | 50(4)/50(#) | 60(4h)/60(#) | 150 (%) /150 ()
P AL AL BR (um) | 766 (4h) /597 () 358 273 113
8] PR AR (%) 53 50 42 45

% % (um) 250 150 150 56
W% B & (um) 508 282 292 99

16. 6. 2 FME-PPS-0201~0203 %X P 5 % % Bt [ BE (% M e AF A ALK)
Agfa By ZIRFON PERL 7= & 48 & &5 Fl Tt K i 09 4 8 MR FE, 1% MK & 77 s PR
REBMBAYAEL, ZEY LR BRAREY I EMERRAEY, A UTP220, UTP500,
UTP500+ =815, @E R THEfmENREEBR AR, FRS5HE 0 TH L

FME-PPS-0201

FME-PPS—0202

FME-PPS—0203

A= UTP220 UTP500 UTP500+
i, =k B, B,
EEXE (g/cm’) 140.2 140.2 140.2
B & (um) 220+30 50050 50050
= LIERE (°C) 100 110 110
R % (%) <1.5 <1.5 <1.5
LR =E (%) 60+ 10 55410 60+5
& & (bar) 2+1 2+1 241
% A M -5bar (L/min. cm’) 441.5 3.24+1 3.24+1
2 A E (N/mm’) 200 310 290
JE AR 52 B (N/mm”) 7 8 8
JE R (%) 4 4 5
Wr 24 5% & (N/mm’) 20 25 30
Wi 4 7 o 22 (%) 15 30 35
VE:
I RTHZEENRT 1000C TE FTAH 15 44
2. %6k B . FHAMRMIR FE K Porolux 1000;
= A S SR 30wt% KOH TREE E T ®E Feu il
0,50
QE‘ 0,45 30%KOH WTP 500
< Rt @30% KOH UTP 500+
Eo3s
9 0.30 ©®30% KOH UTP 220
20,
LC) 0,25
£ 0,20
S 015
[+’
w010
E» 0,05 5 '
0,00
0 20 40 60 80 100

Temperature (°C)
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16.7 ST HERK (£8)

16. 7.1 FME-Ti-0101 4k4F 4 %5 (B AEA)

Bk L Z B T LR MK AT, BRI, BEETHFHR S IR, B
T4 R B TR Rk 5, Ay = B AT fo A B BT IR 4 M 1 AR A — R B %
hEE, FME R LR % 24 4%k H.

E¥ECOCH EMALGT, hBEAMMRMESEAILEE, A2 IRHERHK
A T RRACAM RShAR, BB, Fraskm e, TUAABRIKER, REH#
Bge, BABILMET. LEAFAT=EARKEHR, F0NREE T H T

M
“ BRI
o Leiliki
025 . i
o fEl 275
s 020
¢ 250
| z BT
=015 2
£ 22250 At
g e 2 etk b
#010 ST i 2
2 " 200
]
005 / F3
2 175F
0.00 L ° . . -
o 00

2 1.50
Lo 02 b A o o8 0 Wi 20 3 4 50 e

B AR AL om 4 min

) 500 1000 1500 2000 2500 3000 3500

L A e

Gk REHELTRARKBARE, AERAET R TRl KEBRE/, RFNRE

L
FME-Ti-0701 2 7|4k ¥ B A 46 % & (T1=99. 50%), LM R % # 5. 50%-75% (7 £4]) ,
H: 0.20, 0.25, 0.30, 0.40, 0.50, 0.60, 0.80, 1.00mm /\ 474 E &M (&I
EHD , ARBEHRE. HAWEF. BEAME. EA40E. BMEEERE. BEDN. BEEK.
Lk =R
16. 7.2 FME-SS-0101 A4 4 44 (A A)
THMNEE MR, TIFE. LERBELEHN A ERERS, ZHEHARK. £,
xR, K@RA. LB HHE, TAARGNIEREETUEYHTERT 28N % %
ST, RA TR RTESEZE. RENWARE, BATER. BALRE., THE

HUAF 2, B RTT AR E 310S Fo 316L Fi A A BN AT 48 45 (e i & B W1 o B 2 &), TIEME AN
3um £/ 200um, R <A 1500-1200mm A 7] £ &, #oREBEH T
TRKE AEEEH HFRE - HTEE
(um) R B (um) (Pa) L (min. dn’) bR ®) (mg/cut)
5 0.32+10% | 7000 10% 30420% 75+ 10% 2420%
10 0.3£10% | 3500+10% 100420% 754 10% 4420%
15 0.35+10% | 2300410% 150420% 75+ 10% 6420%
20 0.45+10% | 1700410% 2504 20% 75+ 10% 10420%
25 0.64+10% | 1400410% 30020% 75+ 10% 15420%
30 0.64+10% | 1100410% 4004 20% 75410% 15420%
40 0.6+10% | 900+ 10% 6004 20% 75+ 10% 20+20%
60 0.6+10% | 800+10% 10004 20% 754 10% 30+20%
80 0.6+10% | 700+10% 1300£20% 75+ 10% 40 £20%

16. 7.3 FME-Ti-0201 47 R¥% B4kEk
BEEREAEMT AT R CAEHAT AL df, TERTAMTATL, Almar T

W, BFARER, EBFFTALE, KARBLES.

ZAMAFE ., wEEA. AT,

AR AR % o 1% 2K AR IR B @45 AT HY 27 K0 2 (Ru-T1) AR I & Al £ T & 89 Ru-Ir-Ti,
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Ru-Ir-Co-Ti. Ru-Ir-Co—Sn—Ti. Ru-Ir-Sn-Ti. Ru-Ir-Si-Ti &k B, B 4 5 FH 40 T
RV ERAE RS H T
3.6.1 WAKEME:
BE:EE
3.6.2 HLAR4E
W E:50-60°C AR SR VA
3.6.3 —&MHEAT &
HAE R VAR . 3-5%HY NaCl ik ; WA
£ :8000PPM; #h#%:4. 5g/¢g
3.6.4 A E Tl
MEEA: <1.13; BAUKE: <10mg; FEMAF4: =3000min; A ZFE: <30mV;
HERIKE  15%
3.6.6 BT
IR :45-50°C 5 WL AF T A W A # 48 Ar NaCl % K (250-350g/L) s
& :2000-2500A/m’;
16.7.4 FME-Ti-0202 4k R % B4k H.#%
GEHELEET Y, wEERIEELE. BEML. B REEEHR. WREE. &
AT, HRE MG, EE. EH. BEANEAR . BAFILRR. sEREGWRR. T
JE R BUR L %, BEAR BRI RORE = AT R R, B M A TF K — A AT AT s AL R B AR AT A

B AR R 0. 3%—3% NaCl VA& ; L %5 800-1500A/m”

HBR+ A B, 25 : 300-500A/m”

JE .360A; HJE:36V; HBEARK

e
B, 58

HAREHREMEREMEZTARERN, REXER KR EZEE Ir-Ta. Ir-Ta-Sn.
Ir-Ta—Co. Ir-Ru-Pd-Ti %% 2. EF Ir-Ta 8 5K B2 & AT A B,
1 BAE |Iff&#| IffeREE FRED
B 1 it R R 40C mif 800~1000A/m? >1.5%
AT W R 50C e Ezlggg:;::: Y
M1 AR YT B 60C i 6000~8000A/m? > YL
10% 2 = MEH# <40C [ § 1000A/m? 1.54
25% B AR WA 85C ] 1500A/m? >26F
10%HNO: 8 ik 60T HiR 1500A/m? > 1
SHYLMAOW M IR 60~70C it 1000~1200A/m? 14
BRIk =il R ) 700A/m? A 14
K (AEK) iR |} 300~600A/m’ > 158
HoF) 3 =R B 100A/m? > 156
I8 (WA BUAN ) wil B 100A/m? 204

16.7.5 FME-Ti-0203 44 R % B4k

SAEM, KAELFLBEH, HERFE KA 1-5un.
FTEATHREEREGER. &),
WL, e AEI A . BARKR A A LA S R

0.3um) ,

LRI

g AR,
AAL S AT

(B IR B

BE, TFeE
”‘”é‘vk %ﬁa@%\%ﬁ o, i 1 K
WS EEH, R

WEA LT R
Lom e, AR W SRR, REERS, TATEHNG
2. W&, SRR AR, (B4R A BLEY AL P s
3T AR M AMRE, M TAERMTEMARARE;
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4 A EmEEREES. FEHY. BEIMER, EFHTEREER.
16. 7.6 FME-Ti-0204 4k4F 4% (HAEA)

M 7 4k AR, PME 7R ¥ BERL k47 4 %5, EA 0.25mm. 0.40mm. 0.60mm. 0.80mm. I.Omm

XU A, FLIRE M 56%78%, WL EEAEM T E R A A E T, FEERRER,
16. 7.7 FME-Ti-0205 %k4F 4 W (EAEAK)

M 7 sk AR, FME 78 o] BE R 4K 4F £, EE A 0.50mm. 1. Omm %8 & &, 78 ¥ & #| & 7= fo
WEMI, #EERRER,

16.7.8 FME-Ni-0101 % FLsR 4 (AR AK)

ZFERUSREE ALK, ZRARLEE. BRAL. AARPTEETE, 448
HE R SRR, FREARITHRE . MR G, S T & & i
WA AM R, BT Bt SRR B AR AR . R R SRR e e R AT R . B — A
A

L EAERFHSHR. RaaE, THENESTFEM. A Bt 55 i B
W 2 A B R RAT R

2. A FIAE AR, RBAM A, F AR, BB RHATR . AR, M
KL BHERMA . BEAMEE,

FEAESHK:
R~F: 100-960mm % 3%, =& Aok, THHEF ERET.
EZ: 1.0-2. Onm
FLPE % =95%, 85-130PPI
WIE: =95%
®EE: 200-600g/m’
16.7.9 FME-Me-0101 %L}k & B (HAEAK)
BT bk £ 3L R, FME 78 o] 4 5 B35 R 4R, WK R 64, MRFES 62 F M.
3.12.1 £ 3Lk
M KR, 4E>99%,
R~F: 100-960mm % %, =& Fik, &P ER#E . RF\EF EK, TEFT
B H R RA K. B REASE.
B E: 0.08-0. 8mm
FLPE % =95%, 90-130PPI
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WIE: =95%
m%E: 180-500g/m’
3.12.2 £ AKFE LS
M. 448 85-95%, 44 & 5-15%
R~F: 100-960mm % 3., =#F R, FELE P BERB .
B : 1.0-2. Omm
FLPE % =95%, 85-130PPI
WIE: =95%
E%E: 200-600g/m’
3.12.3 £ WAEKFAG A4
M. 4848 85-95%, 474 & 5-15%
R~F: 100-960mm # 3., =#F ik, F#HE P BERB .
JZ ;1. 0-2. Omm
LI %= =>95%, 85-130PPI
1 FLE =95%
% E: 200-600g/m’
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16.8 [E =& HAl

16. 8.1 FME-CTPt—-010~0103 43 4 ft. 7
HEBAF Z A REERE L — AR AR, L44E AT O5%ET, ¥ by

AR EAA, HEELNEERN TR RS

RREENFRR, BT 0% LEF R ELA,

EAMEANRA Pt/C & PtB

e

2 WA

. FEAL, FRAMURAAMN

it 8, e, 4k % v 1 T A ECSA R
FME-CTPt-0101 40wt% Pt, 60wt%C 95 m’/g 2.8 nm
FME-CTPt-0102 60wt% Pt,40wt%C 90 m’/g 3.1 nm
FME-CTPt-0103 70wt% Pt, 30wt%C 55 m’/g 3.3 nm
FME-CTPt-0104 >95wt% Pt 40 n’/g 5.6 mm

AT H

FHOK>1000 EAEMH S, B—BEF, 2etBER;

AN

A ETERESEL: FHEEMN2.8~3. 3nm;

IR A M, 20000 B {E 315 H ECSA T 49 5%, & thig R4 5%
FEEAR MR E: T5°CHE/ S RA e i B e AR o £ % B ¥ 1k 1. 24 Wem“@0. 62V,

== Initial
150 |

1201

90

mA/mMgE@0.9V

3=

=
El
=
Gl =
=
H
=
=
%

PUC o Market HiCaPat

Mass activity

1after 20k cycling

= afler 4.5k eyeling

-.4
[T A . =
e o =
=1 o o
8w
[

z
B

E== Initial

mA/mg@0.9V

E after 20k cycling

E=after 35k cycling

(98

S/ w

0914

V
= =
2 =

=
o

Cell Voltage /V

=
i

Cell vollage/V'

16. 8. 2 FME-CTIr-0101/0102 %k % & .5
BREE AR B AR AR B AT 5% AR Z AL, SR8 78 % A T

AR

Abdr e e 1 g
S S

T
.

0.4 —

0 400 800 1200
Current density/ mA cm™

Ha-Air PEMFC

e =

=

@
(%]
Power density /W cm™

T
o
=

Power densili Wem™

05 1o
Current density/Acm™

Hx-Air PEMFC

L5

KRERNUA 1r0,& Ir
A= 4 K, B, Ak 2 7 7 E A ECSA AL
FME-CTIr-0101 >95wt% Ir0, 25 m'/g 7.5 nm
FME-CTIr-0102 >95wt% Ir 53 m'/g 4.5 nm

4K 48 AR

FHK>1000 TAEMH &, BB
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KMEMN. pHERERERST: FHREM 4.5-7. 5nm;
Ir0, &AT 3 &AL 319mV@10mA/cm’s Tr EAT H 3T & AL 315mV@10mA/cm’
R 1. 72V@1A/cm’, 1. 89V@2A/cm’; 3% 8000 /N AT K B 18] MR, 1 E TC 3 o
16. 8. 3 FME-CTPR-0101/0102 4147 & 4 &L
HAALBMUAFTEATHETERAEAER. REMERET A, AFATHEL
A b sT BRAF FHAE S,

4147 &4 A PtRu/C& PtRu

A= ¢ RK, B, 5 & M T AR ECSA 42
FME-CTPR-0101 | 40wt%Pt, 20wt%Ru, 40wt%C 40 w'/g 4.0 nm
FME-CTPR-0102 65wt%Pt, 35wt%Ru 76 m'/g 3.2 nm

R EAEAAN R
HEHR>1000 EAAEH &, H—FMHAT
HEN AR ETHBEEST: FHREMN 3. 2-4. Onm;
R T HETEIA AR, RELERE.
16. 8.4 FME-CTPd-0101/0102 4& 3% LA
EEENT EEAH 20wt 40wt%H A S B A,

LRENA Pd/C

A= il B 5 & M T AR ECSA ke
FME-CTPd-0101 20wt%Pd, 80wt%C 112 m'/g 3.8 nm
FME-CTPd-0102 40wt%Pd, 60wt%C 65 m’/g 4.6 nm

16.9 H i peik £

16.9.1 FME-CB-0101~0202 5 &% B (1A F4K)

ERNFFRIE, B EEBFNRN LI 4, R ERYEEAPKEEERLA
PEAR, T LR E A B AR B RO T AR, F R B A S F R 1B 4F (CABOT) #9 VULCAN XC72

F1 VULCAN XC72R, DLR #Z (Ket jenblack) B9 EC300J F2 EC600JD ix Y f & &,

FME—CB-0102 FME—CB-0102 R A7 &
A VULCAN XC72 VULCAN XC72R =
P AR AR B
bk &R (n”/g) 253 253 ASTM D1510
D8P %% i# & (cc/100g) 174 192 ASTM D2414
% 6 71 (ASTM) 87 87 -
325 Mesh Residue (ppm) <25 <10 ASTM D1514
Density (g/L) 256 96 ASTM D3265
ME RS BB S5
FME-CB-0201 FME-CB-0202 W T &
A= EC300J EC600JD -
I LRI RN R
b @ AR (m/g) 800 1400 -
D8P % i 1 (cc/100g) 310-345 480-510 ASTM D2414
lodine Number (mg/g) 740-840 10001100 ASTM D1510
300 Mesh Residue (%) >80 >80 ASTM D1514
Density (kg/m’) 125-145 100-120 ASTM D3265
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16.9. 2 FME-Pump—0101 357 &

ERAFZhE, BARBEZEN RPN FIETE A EE, RAFTEE S HE
HE, REBFKEWTRE, pr 2R, NEBHLBRYIEES, FRENRHR
BHETE, TURHNERTRAMRNES, FEER A4, FEESEEEHLER.

16.9. 3 FME-Power—-0101 H J% B.JE

B IEAR R — AR (U, AR R e R B, R R BT LU AR,
AHEEHERA ST REN T ERAS, A¥ T E5RANLRHAELTEA, E5E4
BB R E IR

ZRIHA

M EEXMEfE N — MR- &, EEhe A2 MEFH My £, e, &A1l
THEELZHFNE MR LGP ENRFHENL, ZHAREASENR, 07X
W, ELRE 45 1EiEE 218482165706 (12 F &)
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R (UNEIRETY B 4

8. % [E H-TEC Education A 7

H-TEC Education A 8 2 /) T FHF— RO IR IFAR F R, HEFETHLEH
FEAFIRUME., FBiE. FETOREEA, TEFRAE: B wH, afE. &
RN ESE,

9. # & Flex Stak A T

Flex Stak & — R T EERZ EMNFAT B L TR LA N F, 20 THLEFRH
ML A X AR 5 R &, B3R A AR B (PEMFC) . ELH: W B MR B 3 (DMFC) . A 4L
R B (VRB) | B BR MR R (PAFC) . 2 R AR A3 (PEMEL) %, Tk 2R THH. B
B E R R R e A /B E 4, Flex Stak #FgEi# R LM% K.

10. # 3 Horizon /A

Horizon Fuel Cell Technologies & 3L F 2003 45, FEEFEHEMB A EH, B
REMMNFRAE £ RITNZFEA, BIRRAARERtW = &fn T w A, 2013 4, Horizon
Educational i A — MLy 7, & T WA BE IR # B, Horizon o AR BT & Tl 28 Hy ok
WM, BT A K 10W-BKW By R4 SRR B ot e 3, R B PT DUSE ] 30—-40kW By 4
YRR Lt B3

11. =& AvCarb A 7

AvCarb A&l H 1978 FUR —H R E RSN R T ERY M IEAREF TR AWERE
& (PAND BRETEF= &, AvCarb BNERAT R Y & EH R AT E . THEF ., BAF0EiEx
FHF 2Bk, NATREE R M, e, FREJZAFMIUAENLETZ.

12. HAARW (TORAY) #RX 44

RN (TORAY) A &4k &L T 1926 4, EHMATHAKRE, BHFF LRI 6 K.
A THEFE. EMUFAZOCBEANGHEEES L, BER ERFNEHEAFT LS L
—, NEEEFREERTER, AEKT #HE.

13. 42 & SGL Carbon /A F

SGL Carbon 2 — & & # L T 12 [ g # B & 0 & #1305 B A 8] . 0 & 747 58 B9 3op 8 7~
mEEH L — AR ERERAE B R R T R R E A M % SGL Carbon
TERRPFA 29 AN EF~EH (BN 16 4, x84, TIM5A) , H£ 100 2NMER/HK
WHRF P %,

14. €7 CeTech A T

BREEAHX CeTech R IL T 2006 9 A, BHMLT &%, UBREM B A B EBBA LM T 6
BRI, Mp e, 29 AT ERRENRVRB) REheEFmahEETH, TEFEE
TR, A, AEEET R,

15. % & Fuel Cell Store F&

Fuel Cell Store T 1999 4 ik L T# Zr £ NE/RET, ZWE AT LAy L B Aniz
ERHERKNEEFG. TURERZHMR RS Ebf ] FAEREF RL, €F
H HHE R AR AR T R PR R . Bl T 2014 4F 11 A 3E B AE S EE AT N B oK 3k,
DEEXEMMHAEHMUER, EFRTFRNNEHTIHE, TEEEE THE. BER. T4
Fld PR A AR B HNE MR EEF &, FERFEAMEAEERA F & Fuel Cell
tore EFEMEZLHET, ARHETFREFENHELH.
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