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Development of ammonia fuel cell module with
zero—-carbon emission
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This project aims to investigate the use of ammonia as a
direct fuel for an alkaline membrane fuel cell (AEMFC)
and to construct a low-cost, high-efficiency ammonia
alkaline membrane fuel cell assembly. In recent years,
commercial activated carbon powders such as Vulcan or
Ketjen Black, along with hydrophobic polymer binders
such as PTFE and PVDF, have been commonly employed
in the gas diffusion layer (GDL) carbon materials. These
materials are mixed to form inks or pastes and then applied
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to carbon-based substrates like carbon paper or cloth.
However, in ammonia fuel cells, although the components
are generally similar to AEMFC, the efficiency is lower
and needs improvement.

In this experiment, various nano-sized carbon materials
are used due to their adjustable porosity, pore size
distribution, wettability, and structural design. This allows
for the development of catalysts that are most suitable for
ammonia fuel cell reactions. The goal is to utilize these
catalysts in alkaline membrane fuel cells as power
generation modules, paving the way for a demonstrable
system with enhanced efficiency.
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MOF-199 #&pe rriizie {7 & = > 7 £ 7. 28 5«73 Cu(NOs )2+ 3He0 7%
24 40 mL =07 g3 > ¥t 3.5 g of H:BTC(benzene-1, 3, 5~
tricarboxylic acid) and 0.7 g of PVP
(polyvinylpyrrolidone)=2 3 i3 f% & 40 TR Y ERF
3 ﬂm‘v‘w‘t Aol 713 10 ~ 48 > 22 ¥ 3] 30°C chmRE ™

b o] PF o MR B F S A iR (SR B F B MOF-
199 ¢ - B EF # %> 800 C4xE 2 -] P17 MOF-199
derived carbon °
ZIF-67 # @ - 4 in 42 & = > 0.873 5 cobalt nitrate
hexahydrate % 2> 30 mL «? f& > ¥ *t 0.984 5 ¢ 2-
methylimidazole i3 f#>* 10 sceh® f% > & 73 7% #2388 {5y
Tk 3,4t g BT RE 12 218k aﬁmﬁ’»ﬂ:iﬁ
B s e P~ LIF-67 S f - ¥ A3 B F F Yt 800 °Cokg 2
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P2 (81 5 e Bl ik 4 18 eqe P ZIF-8 Rt o X
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Activated carbon: XC72R
Sper: 240 m/g
Vinesat 83%

« Low surface area

MOF-199 derived carbon
Sper: 500-600 m/g

Vinicro: ~60%

*  Mesoporous carbon

ZIF-67 derived carbon
Sper: S00-600 m¥/g

ZIF-8 derived carbon
Sper: 1600 m¥/g

Vain: 54% Vi ~50%
Bl 4 ~ XC-72R ~ MOF-199 derived carbon ~ ZIF-8 derived
carbon ~ ZIF-67 derived carbon 7 SEM Blfe§ # = 5% *fip[3#
R

B 4~ % 5 XC-T2R ~ MOF-199 derived carbon -~ ZIF-8

derived carbon ~ ZIF-67 derived carbon > # BET ‘* % & #

& w5240 ~ 500-600 ~ 1600 ~ 500-600 m*/g - H ¢ ZIF-8

derived carbon #7F & B vt & & ff foikdt vt &) o

Raman analysis XRD Contact angle

MOF-199 derived  121.88

—um carbon
ok —an _—
) e~ U8 derived 11060
2 i carbon

i e i - 2IF-67 derived 125.48
l‘n.‘ M‘ carben

XC-T2R 130.36
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Bl 5~ XC-72R ~ MOF-199 derived carbon -~ ZIF-8 derived
carbon ~ ZIF-67 derived carbon 4> & P[3# ~ XRD 4 47 friz
g & 17

Rk (BSKTTH &G A B 1350 - 1599 cm'
igarE B o AW 5 E AR (D band) i Adrd BN e B F
& (G band) e Eedr e #c5% o 3 % D band ¥ &>t & B/ F 4
FeisdE o D band g A0 SR S SRS B L1
e it FE T oG band EApAE 2 BT G chp P RE > &
T &1 %43 B oD band fo G band 5 &t In/[eid # & p 7

FEER 5 /A Bl E it f2RA%F o XC-T2R ~ MOF-
199 derived carbon ~ ZIF-8 derived carbon ~ ZIF-67 derived
carbon i n/TciE A % 5 1.06~0.93~1.22 4= 1. 19> ¥ 11 3R
MOF-199 derived carbon 3 ¥ & e In/IciE>® ZIF-8 derived




carbon ~ ZIF-67 derived carbon | £ £ 72 + o & XRD & 477 ¥
MR 20 5 25740 437 i B 4R35 cnjmaiE o A U RF F]
FEA(002) 72 (100)T & > iz 7 75 pfh s i & Z30
A & it ahE T A5 A58 0 @ MOF-199 derived carbon B ¥ 7
~ B g &gl ZIF-67 derived carbon B & 3 Co ezt se
Z1F-8 derived carbon R|iZ 7 & % 5L L d&ff & RI3ES ¥ -
XC-T2R ~ MOF-199 derived carbon ~ ZIF-8 derived carbon ~
ZIF-67 derived carbon 4 %] 5 130.36 ~121.88 ~ 110. 60 -
125. 48> H ¢ 12 Z1F-8 derived carbon &) > @ ZIF-67 derived
carbon £ 4%i7H * XC-T2R - » fatk Fih~ 2 A f7d4ed [ H ¢
123 B XC-T2R 4= MOF-199 derived carbon ¢7C 2 & %% >
Z1F-8 4= ZIF-6T7 derived carbon P43 #45C 7z & » ZIF-8
derived carbon ¥ 3 47.65 at.%C> Oz & % » 5 16.86
at. % ZIF-67 derived carbon R|#&73 12.24 at.%Co -
# 1 ~ XC-T2R ~ MOF-199 derived carbon ~ ZIF-8 derived car

derived carbon 77 % & 47 5% %

XC-72R MOF-199 derived carbon
Element | Weight % | Atomic % | Element | Weight % | Atomic %
95.28 96.49 C 98.50 99.71
4.52 343 Cu 1.50 0.29
0.19 0.07
Ag 0.01 0.00
ZIF-8 derived carbon ZIF-67 derived carbon
Element | Weight % | Atomic % | Element | Weight % | Atomic %
41.45 47.65 C 56.25 #3.53
35.17 34.67 N 3.32 423
19.53 16.86 Co 4043 12.24
Zn 3.85 0.81




e = T L
. as b
: i 3 AFCMFIBPCY | g
am e g
5 e " H H wd
an ! T / g
" <
e / “
" ‘-'
- o R "
Coat sony i s r—
[
oo
B
3 was
"
w
.......... (mAiow Couremt dominy (mAlcm'}

B 6~ i * XC-T2R ~ MOF-199 derived carbon ~ ZIF-8 derived
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