Sep. 2019

- 114 - Modern Chemical Industry

AR AL T

1R Bt B K I B 3
~, I \ >, — 2L
AR {6 1L oA 13 BBt B A K B B 3R

FHH T AR, EHCE RERE, MR, R
(1.8 &3 3 RE AT LIEA R F] | LT 102209
2.8 ZGAHMA T T EEEEE, LT 102209)

FEE AR ) it AR R — A i Fi Ah 2% SR A ) B R BB A o FL B I S e | R R0 O TR A F it & AR
AT WG KT IR AR AR L Tt AR 2 PR R VB R A AR s iR AT T D OGRS 5T . A R R TRl 100
em? B BAE b 30 R A B /N TR A fE St 2EL R R R e b 4 A R B A — S R L TR 52 WA E st b X
Ak Lt P M 1) S BFE AN N AR HEAT RIS b B SRR IR Tt R A SERRRE R 9. 87 W, (LM R FL T FR Y 19% , A
SRR L R S8R BN AR 1,55 o,

KA AR R b ORI ; AR W 5 s A MR RE s SR AURE

hE4S%ES.TMI11.4 XHkFRARAD: A XEHS:0253-4320(2019)09-0114-05

DOI; 10.16606/j.cnki.issn 0253-4320.2019.09.025

Scale-up experiment study on liquid catalyst fuel cell
WANG Meng-jiao'*" , LI Xiong-wei'>, GAO Wen-jun'?, CHEN Yi-wei'”*,
SUN Zhen-xin'*, GUO Hua'?
(1.Guodian New Energy Technology Research Institute Co., Ltd., Beijing 102209, China;
2.Beijing Key Laboratory of Power Generation System Functional Material, Beijing 102209, China)

Abstract: The liquid catalyst fuel cell is a kind of green and highly efficient biomass fuel cell power generation
technology , which converts biomass energy directly into electricity based on electrochemical principle.In order to study
the power generation performance of high-power liquid catalyst fuel cell technology, the scale-up experiment study on
liquid catalyst fuel cell is carried out.A single battery with a discharge area of 100 ¢cm” is developed,and a fuel cell stack
with a power of 52 W is built by connecting the assembled small fuel cell bank and medium fuel cell bank in series.The
preliminary analysis on the pump loss and cost of this fuel cell system shows that the pump loss is 9. 87 W, accounting for
19% of the fuel cell power.The total cost of the fuel cell system is RMB15 500.

Key words: liquid-catalyst fuel cell; scale-up experiment; biomass; power generation performance; pump loss

E39HBFEMH
2019 F9 8

B 75 A BR 0] P A RR IR T & I BUAAS B K &
o A DR B, e T AR RE IR SR £
] 0t BB VR I TR B A% 0 P 28 IR oA AR b Y T
BLIRAE MR TR E SRR IR A 7 R 2R A Sl fg
VGG R E BN, T SN — i SR ] F A AR YR
1) A= W) JE R 114 A BRI FH T DA S SRR A HE i, e pie Ak
AR RET R 1 TR 00, T A 1 A 25 A
AOPRFE L DA JRORE A 1) L b B R R
— i T A R R AR LA R D A3 A 4 U
A=y T A v KR R sl G A 0 TSR A SR R
A5 Y Wy R0 UKL B HE n) A T T LA A AR
PO BRI, BT A2 A SRR R Tt 2 R B AR A A
P4 TEVA AL R F b 37 52 17 T R B A RN 2B
Rk e A HE T R AR AR e M 22 A T

WA AL ATRRE F b G A 2 — o 78 %) 26 0SSR
kR A L A R FE O BRI (80 ~ 200°C ) 514

T RIHZK M2 4 T8 AR R 5 AU T X 11 41
FRAE AP RE X AR 4 o 1A T S A R i, B8 SR 22 4
J& R B AT S, DT A A o e A
PLBHR A FEAR I T e g > ) HA
14 1 44 ST P R L St 5 R R AR R sk R S
A, VBAA R AR R St R T e 8 4 b L T
Wy FEFE L H W V5 K 5 Ve R A AR S AR ) R
om0l st T HRRGE M £ 4R A
ik B S AR A T R X Ay A 0 T 4 55 5 4 A Ak
FNUT A DL O R A o R CRL, Mk R
0.2 mol/L W #H IR Ay AL | FHAK H i M 7E 250 W
AT NG 20 h BIACHET SRR S A i KB
IR F) 31.5 mW/em® | A A DR R s
S 1000 5L R PR VR AR AR AR F
HFARBA AW RBP4 A AT
FIH K FHBE . TG 5t 4 J@ i A0 ) | 2 56 9% 5 = S5 4

I f5 BHH#A.2019-05-09; f& B H #A:2019-07-06

HEEWH L iR B R LI ( Z2171100002017021 ) ;5 [ 5 A8 IE 4 F & AURHL 35 H (2017B1BE00100)
YEE TN R (1986-) , 2, {4 8585 1) 2 W o el st B il &0, 8 7HIBE R A\, wangmengjiao_33@ 163.com,,



2019 F9 8

e, ST — PR L S TR D B A W TR R b K FR
FoAR

T AR EE ORI R R, B H AT TR
PRAEACIRRE R R T 7/ )NTH AHFL HE SR T
Phe- 2 R NG RN L S a g
T R AR B R B SR AR, X I s ) R T AR
PRAEAC AR R 2R e A T, B R AP RE O
Xt 3 AR BEAT R 08 o

1 MBEMRS

1.1 R®3Hi&it

G IR AR AR R A 1 T DA H AR AR A b A g
ARARFE AR BN, DT DRUE AL Ll B A R 1Y
KHERE . 5 REBIN T ARS AR DL i 754 4
PRI ZE, BRI 5% Hh R AR AR 199 9 3 AN 2R FH =2 i
O RIEN> a2 RN (1P 935 ) /8 =R 3 W =R 11
A P A YR A T T A — A AR 2 i 28 s PR T —
A A SR A AR B VR A o R FE Y [ e W] A
S XA EAE I TR BN R EE D A
I FE RIS TR A Sk} o2 i
AN 125 mmx80 mm,

P A TR SR 5 T AR R i R R BE 5
I T BEIR AR AT AR AT P A JEE N R U % B, DA B A
o HUARVR I R e A JEE R /N FRE G R TR
IR BEANREE /N, AR AR} L Tt /N
() B AR JEERE A 10 mm, A AR, A AR 3 mm, I
AL 5 AT SRR 8 309% ) R M AS i A3 56 F
FEH R EE TN 3 mm,
1.2 #eElEta

SPRORH LTt 2 R | B AR AR N BT
ML AL, A T AN AR I UE L Tt 4 A
JE , FL Tt 2 R F AR AR R e R T )l )2 A
B T ST, i B2 R MR R
TAZE A L5 v (8] 19 Ay 3 LR AR

Jo A8 e K 1k FH 98 B AR 32N R A2 77 A9 Nafion
115 JE, i T Nafion RS Hb A 4K H A4S &Y 5%, IR AX
FET ¥ A8 4 B 1 T AE#B 53R FH , Nafion R i #49
AR SRR BT AN Y, SRR AN RS 2] T [
PRIPVE R, 5 5T 2 460 8 1) ol FH 7 i R K2 v O
&7 TRA

JEFACHEE T 2 Rz E], 5 2 Bk
b PR A B e AR AN ST P 1) B R e f

2 B2 F AR A M B SR A, B T R T R

ERGE RIMERR BRI BN AR - 115 -

B 11 FiL AR R

AL FE Tt ZH 2 R, S A BR R IR ARFRLL
301 B R VR A R TR A 0, 7E S0°C T A
30 min, ZR 5K A SRS 25 B K o T F T8

ARYGRIE AT A LH%E T R 4 R e 2 A /N AR
BB AL R 16 7 BRL PR L 4 1 rh UL FEL vl
21, AT [RI AR R Ak vt 2 ) L2 5 3 2 J5 1)
JORAE L b FhL 3 179 & L PR E
1.3 ARl RS AL

N ERSRIREN [ AR iy SRR T ES I
F2EE e PR AR AR i 2 | L 1R 3R I ER AR
FBARR AR AL B, {7 FH 23R DU 960 S M8 43 o v
2 119 5 A M BE R Fi AW A 5 B R i v 3 22 , g L Yt
2 1) B MO BRI AR P A Al 55 19 A A v e 32 42 , 0 AT
I3 311 S B B AR AR F A A VR ) D 28

Il

BT

7
BT BOR R R R ST

[Fil A, A B A5 8 Fb A R 8 40 8 Fb Al =22 M) i 42
T, DIGHRORE L R G A TR R A

2 KB

2.1 RAFIREREEFE

F B LS A B L AR R
=N 1 = 7 S T = e A AW E i AT
AEIIN S B ) VAN E N TR YA IS Wi | /A =i NS [ 22 R Fiwra B
oy ATal, R A AR R Rk e R DA
BHIR A FHAR AT

T — 7 2 %) s 4 R I K s R T ) A ik E
0.3 mol/L AUBEEHRR /K I W . HCHC i i 0 Wl 4H R 7K
PRI 500 mL, ZEFAINA 20 g A 2 BHAE S 1R R BHR
ARV, HF PR FL AR R TE 100°C T RS A 24 h,
TNFASE UG , P73 AR HR A VR B P R B (0 AR
SR, K AR 0 PR Fh A T AR PR fite
TR

=0 o AL A B A LB



- 116 - FAX AL L

WeREN 0.3 mol/L B BILERA R /K ¥ WL, A8 A BF AR FiL
W, TR B 1) B AR F A 500 mL, A BH AR fif
W
2.2 Mg RER

A/ INRLIR AR H L 28 T R VR AR A
MRS, FEAF A A V80 HE R0 I A0 A R 0 1 30
2 80°CIFPRFFFRE , 3T FF 106 ¥4 25 I 1 it L 1
50 mL/min, #2238 H8 171 2%, TR 610 S R | FLTR &
Dy R W kRl iRgs R an i 2 fros, B 2 7]
DIE 4 R B e il 4 2 1 /N LK) F b 21 1 d5e R
WHERS5 W,

12

6

101 §A/A/d\x 15
L o 14
A N

8
< B
= 2 13
g9/ o \ %
# 4l .\ . 1R
11
2 .,
0 I L 1 L L L 1 I 0
02 04 06 08 1.0 1.2 14 1.6 1.8

HLE/V
1—HLIE  2— IR
B2 /NADROR R o 2 o &/ e - v R

K T BP0} R 2 BT R IR A HE TR
MRS, [RIRE R A5 i Y8088 0 91 40 Ak Y 88 1 i 52 o
M BOCIFIRIFAE , ST IR PRI -1 I A
50 mL/min, #2238 W 7 51 20, TP IR0 s B, Hokh
PEREIIRAS R AN 3 fron . K 3 FTRUE 16
PR, i 2 2 10 Hh PO F Tt Y i R B ] 3k B
24 W, [RH, AH HE /N RUO0RE H L 2, v B R} R Y

YRR T 4 f5LL L

12 26
10

B /A
S N A o ™
L )
s
L ‘7
M
m—/
NS
Ik Y

—

3 4
B /V

1—HLE  2— T

B3 o ALROR i st 2 3 3/ B i — v R R o 2
K 2 A/ NEUIRR R I 5 2 AP AR T 4
SUIBUNEEN = Y ST S S b N R 4 N A SRR
258, EE PR ER, lH i 2H BRIBGE B &
HLPERE, 2R N1 4 Firs . i 4 FTLUE T /Rl
Y SRR RS RRIRE S SRRV R Y R vl i DR ey SR R
R e TR TOUR  iMEHLIR N 7 AR 7V,

E39HBFEMH

HLED) AR ATIA R 52 W,

. L 0
6 8 10 12 14 16
HE/V

1—HL ;22— %

Bl 4 MR o o 3 3 22/ W 0 — o B K o 2

3 BB RSERAFEITE

SRR IS A 7k AR v R A VR T A T N R Y v
HIT Bl 2377 —E R XA P 2k B R 1Y is i
AR AR A ST R .

P, = AP x (Q/n) (1)

K AP U RAE T s Th B s 1R Pa; Q R
HLARR R &, m /s s WEE IR, X F— 14>
ERR, BACE  h—EE,

PR VRAE D 30 TP 1 T 0 2 32 B0 A5 F AR VR
W R IR AP, FUEE B 5 R T B AR
AP, N

AP = AP, + AP, (2)
R TE S T TR B B R T R AT R
AP, = pgh, + pgh, (3)

2p LA B ke/m® s by F R 3 50y HL
WRAEAE T v 1) T R BEL T 4 2 0 ey 3 BEL T 45 % m,
Hrr,
he = A(L,/D) (vi/2g) (4)
h; = {(v1/2g) (5)
AL, WEERE, m; D NEE R, m;y, AH
fE VR AE A B T B E , m/s 5 A T A3l A T
TR FRBE 740 2Kk ZR BRI Ry By 4 2k R4
X EiE s, R 1 R ECh .
X = 64/Re (6)
A Re ITEEEL,
Re = pDv,/u (7)
AP ow RIS I RE  Pa-s,
2oL A T FL R ) PR
AP, = vul,/K (8)
Krpow, HEMFRAE R PR E I m/s; L, A
WA B, m; K i Z AL B 5, Al i Carman—
Kozeny 23204582 ]I,



2019 F9 8

K = d}&*/[ 16k (1 - )] (9)
L. d, WA TP A4 57, my e LB,
ke N Carman—Kozeny ‘& %1, BOLF 1B
FABAL A A SHCNR 1 R,
®1 FR|EBPANSH

28 Hufl
PR FL M Y 25 B/ (kg om™?) 1908
FFI A5 Fh A 2 B/ (kg =m™?) 2065
HLMRIR i/ (m® s71) 5.56x107°
HIHEKE/m 2
HIENE/m 0.01
L F il R 40
FRR 0.7
ZAL R EF 4E FL AR/ m 1.76x107°
ZALH AR LB % 0. 929
Carman—-Kozeny 4 4.28
SRR R A 5
PR L B T B R B (Pas) 6x1073
[P FL i v 3 ) B R (Pas) 9x1073

R ASEARAS (1) ~30(9) it a4k an
K2R, M2 Bl LUE AR I IR R Y
9.87 W, MREIHIM RGEA TN 52 W, T2 A9 D)
RIHAE T DR 19%, hi(4) K (5) . K
(8) AT, MRHHL T (Y SR A FE 52 8 TE LA ST il
RE AR i 2 PR BRI, X T — A i
MR L T R GEA UL, B2 MR L s A7 A R R
TURE ) T2 R R0 HL A A 00, Bt L 9
TR, RIS ATIRE R DR, FE R
RS PRis Tl A v, I i as 17 SR 0 AL i
T, INITTAE — 2 J 1B A R , SR TR R

HL Yt R G PERE

F2 RRFHTELER

28 Bl
IFIAR F, A V6 T 9 e g 4 2R/ Pa 5. 1x10°
IFIRRZ . gt Y8 P, VL P L ) 93 2K/ P 6x10*
b H A R PN ) B 2/ Pa 6. 65%10°
ISP F, R L T PN T 8 5/ P 9x10*
PHRAE IR A T 15/ Pa 3.51x10*
AR ARG 1 58 S 8 2/ Pa 5.17x10*
FHAR ARG PR A4 FE/ W 3.98
FIBAR A AW 5.89
HLIB R A0 FE/ W 9. 87

ERGE RIMERR BRI BN AR - 117 -

4 BEBEBRFENHAR

FHT 3R A AR F el L O ) P el RIS A, G
T A QLG A BTN, R AR L b R M 2R
GURRAFE R 3 Poi.
R3I BEELRBEBRENEERKRER

T H ks
PHAR HL RS AR/ (T -L71) 380
% B R AR/ (G- L) 2000
SERRERLAS (JE-L7") 3
JRFSCHSEM AR/ (T m™?) 25000
AARAR M AE/ (TC-m™?) 250
ABHM/ (JT-m™?) 200
BHEIEHEMIE/ T 2000

SRL VR AT TRORJE BY 52 WO A pHE AR
HLI AR GE A I AR 2908 1. 55 TG, Nk 4 PR
T4 MKHITR R LR i R GRS A A

WH WA/ TT
HLE (75 40 R H i) 1.03x10*
PR LR (500 mL) 190
9 HL ¥ (500 mL) 1000
FL AR A HE (2 L) 6
2 BIRHHR 4000
&t 1.55%10*

5 #Kig

(1) JFE T LA 100 em® BRI, IF5
SZH AL 4 A PR It Y /NI R} e b 2 RN 7
16 A~ BRI A R RUSR L L2 85 K, /N AR
R b 2 R R AR F st 2 ) e L )R S AT Ak
5W 24 W,

(2) @K 2 2l /N ) H Tt 2L 2 2 v R AR
B I FAH 1 AR R M T S
BRI, fEde fE TOL T, A HER LN 7 A LR
7V, MR BDRIEF] 52 W,

(3) ZHIIER 52 W BRI R G2 1T
R S IURE 5 FHE R DR Y 19% 1T HA iR
VRO R M S A RE 1 LR 2 B PR AR VR O
PIBER B T & R =



- 118 - FAX AL L

(4) BRRHE T 2R S8 A I AR TP, T S
AR A T 28 TR 73, R REAE AR o1 S 4 I )
A UM R It 2R G ) AR 3 AT RE B R B MR

S 3k

(1] 222 IMEM A, S5 A Y BT B AR IR e B RE[ )] 34
K HL,2016,45(4) ;1-6.

[2] FERMWE, Bk SFBEaE 45, [ P AR 90 & vl AR % iy S5t
[J]. Wi H J1,2017,36(3) :62-66.

[3] B SFFH, XM, 45 L4 TS A—IR R b it 2 i R it

BEAMHT[ 0] AT R AE VR, 2011,29(6) : 115-120.

AR, X B, 4, A5 AR 0 O R AR A AR R b 1) v 22

BRI J]. 7T PR AEVR,2018,36(8) : 1113-1118.

ZRAf I, RVIRA, TR 4, A5 TRAA AR AL AR Fh b 1 75 8 v 1

AT C.(AEE T ) 2018 4F 4 25 AR 4FE 2 b5, 2018.

AT FL, WA ZRAN , B 55 8, S B A R BR A B W Aol R oL ot

A AR X BB SE [ ] BARAE TS, 2019,39( 1) 1 184-187.

(7] S5 FER2%, B0 55 G2k P 0k o b % AR 1% F 5 3 e
[J]. 3L T ,2017,37(8) :41-44.

[8] Wei L, Wei M, Yulin D.High-performance liquid-catalyst fuel cell

[4

[l

[5

[

[6

[

for direct biomass-into-electricity conversion [ J ]. Angewandte
Chemie International Edition,2014,53(49) :13558-13562.

[9] Liu W,Mu W, Liu M, et al.Solar-induced direct biomass-to-elec-
tricity hybrid fuel cell using polyoxometalates as photocatalyst and
charge carrier[ J].Nature Communications,2014,5(2) ;1-8.

[10] Wu W,Liu W,Mu W et al.Polyoxymetalate liquid-catalyzed polyol
fuel cell and the related photoelectrochemical reaction mechanism

study[ J].Journal of Power Sources,2016,318:86-92.

E39HBFEMH

[10] XUBRWE e BRI, 45, EH R A 90 B A Al 27 SR L vl F 52
HERE[J] AL THERE ,2018,37(9) :3346-3354.

[12] Zhang Z,Liu C,Liu W, e al.Direct conversion of sewage sludge to
electricity using polyoxomatelate catalyzed flow fuel cell [ J].
Energy,2017, 141 :1019-1026.

[13] Gong J,Liu W,Du X, et al.Direct conversion of wheat straw into e-
lectricity with a biomass flow fuel cell mediated by two redox ion
pairs[ J].Chemsuschem,2017,10(3) :506-513.

[14] Zhang Z,Liu C,Liu W et al.Innovative design of coal utilization-A
green pathway for direct conversion of coal to electricity through
flow fuel cell technology[ 17.Applied Energy,2017,200:226-236.

[15] Rfhfe, 2o XML, 55 5 T KR M2 4 )8 SRR 1ot 1k
RRELRLM [ D] 788 S AL 4R, 2017,38(6) £ 1082-1089.

[16] Liu C,Zhe Z,Wei L,et al.Synergistic effect of polyoxometalate so-
lution and TiO, under UV irradiation to catalyze formic acid degra-
dation and their application in the fuel cell and hydrogen evolution
[J].Green Energy & Environment,2017,2(4) .436-441.

[17] EF4E 8B, R A6 5 S T A2 AU ML 9 BUR
L PERE )] ARk TR, 2017,2(6) :86-91.

(18] ta%s, Jifl, k==, A AW B S BORDE TSRt e [ 1] AL T Al
K, 2018,46(10) :247-250.

[19] Xiong B,Zhao J, Tseng K J,et al.Thermal hydraulic behavior and
efficiency analysis of an all-vanadium redox flow battery[ J].Journal
of Power Sources,2013,242.314-324.

[20] You D,Zhang H, Chen J.A simple model for the vanadium redox
battery[ J].Electrochimica Acta,2009,54(27) :6827-6836.

(217 ZEMEml, IMIRHT , RER AT , S5 A AL SRR e T ZR ARG a8 1T
Mg AT [ C) o E AL TR 2 2017 SRS ) E T,
2017.1

(L3#EF 113 W)
H M AYEFAE A BEE R 16 ) S Ak ol B B o 5 2B B A
A3 F A W2 S TR AR T1 A B 2R AT

(2) Wtk T1 Feidi JAE R &0 B 70°C,
pH K 7,888 0 4%

(3) BPE T1 A Sy 2L Yo i | 72 00 4R
S R IE N 67 mg/L 44,78 30 h DK aR Ak
Yot kbR, T RBREAEL R 2. 22 mg/(L+-h) .

(4) Ve s 2 0y i AR A0 T T1 Ry s il 75 7K
AR T 20 SC it T — A A W PR IR, 7RIS
TRBRAL G BT ELAT ) R 0 0 FH A5

S 3k

[1] BEM, RS RO, 45 B A5 7l 2R 7K 2R 6 14 TS ok B Bl 3
(17752 e SRR 244l A AR B2 IR, 2002, 34 (4) - 320-
321.

[2] Starkey R L.The general physiology of the sulfate-reducing bacteria
in relation to corrosion[ J].Producers Monthly,1958,22:12-16.

[3] MR BRI, B4 . H, S KV P B0 ol 5 22 Tl A R ML 3
HIWFEE [ 3] o L ol 5 Bl 7 24, 2000,20( 2) :97-100.

(4] SHBEPE, B 535, T SChE 25—k S 9% I A7 IS Al 1 81 Bk 1) 0775 0 B
AP AR R PEFIE [ D] 380E 23l 4, 2015, 42(5)
853-857.

[5

—

Nazina T N, Tourova T P, Poltaraus A B, et al. Taxonomic study of
aerobic thermophilic bacilli; Descriptions of Geobacillus subterraneus
[J].Int J Syst Evol Microbiol ,2001,51:433-446.

[6] Fortina M G,Mora D,Schumann P et al.Reclassification of Saccha-
rococcus caldoxylosilyticus as Geobacillus caldoxylosilyticus comb
[J].nov Tnt J Syst Evol Microbiol ,2001,51(6) :2063-2071.

[7

[

Zeigler D R.The Genus geobacillus introduction and strain catalog.
The bacillus genetic stock center catalog of strains[ DB ].7edition,
volume 3, Ohio State University , Ohio,2001.

[8

[

Marchant R,Banat I M, Rahman T J,et al.The frequency and char-
acteristics of highly thermophilic bacteria in cool soil environments
[ J].Environmental Microbiology,2002,4(10) :595-602.

[9

[

Maugeri, Teresa L, Gugliandolo, et al. Three novel halotolerant and
thermophilic Geobacillus strains from shallow marine vents|[ J ].Sys-

tematic and Applied Microbiology,2002,25(3) :450-455.1



