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Abstract: Thermo-electrochemical cell represents a novel low-grade waste heat enrichment system. In this
field, platinum is the primary material used as electrodes. However, the high cost of platinum significantly
hinders the advancement and broader application of thermo-electrochemical cells. Consequently, there is an
imperative need to develop alternative electrode materials that are both cost-effective and high-performing.
Carbon-based materials that have low cost, high specific surface area, and excellent conductivity are
considered promising candidates for this application. In this study, we report the successful synthesis of a
series of defect-rich biocarbon using common cabbage leaves as a carbon resource, wia the high-
temperature carbonization and KOH activation processes. Then, the obtained biocarbon has been employed
as electrode materials in thermo-electrochemical cells. Under optimized experimental conditions
(calcination temperature: 700 “C, and concentration of KOH: 6 mol/1.), the biocarbon KC-6 exhibits the
best performance, yielding a short-circuit current of 1.13 mA when used as electrode materials, which
exceeds the performance of platinum (1.06 mA) under the same conditions. Moreover, when the electrode
area is expanded to 2 cmX 2 cm, a short-circuit current of 1.47 mA is achieved at a temperature difference
of 17.5 K, suggesting considerable potential for the application of this biocarbon in thermo-electrochemical
cells.

Key words : biocarbon ; KOH activation ; thermo-electrochemical cell ; electrode material



B4t He

A AT A A BB E AR A v b P ) R 239

REVR 9 A ORI X T Ak s & T AT 52 % e f
BHEEMEN . T 2 R A AR
T R B B v T AR ML A8 RIS, DR, 340 AR U
FEIE BT ANLERE T 2 2 I B i s B I,
I 25 3 B A RE DA i AT ) A 35 oo I i — 28
fle AT K R N, AEE R Z Y REIR
(8 — Rl B AT LU s B8R 3R B 38 ] LA D — il
B8, WP AR TR ARSI s AR
gy 7 A B AR (<150 °C) Bk oA I a6 2%, PR
PR AnAer Ay 250 EL 28 5 b RS Ao R ot A5 A AR %o
TR R AR RE IR AR MG P O, LA B ml 2
(UESS Y S EP S -0

P LAt AR O B It R — R R A
ARG, PR ] A AR AN A S/ 3 T X Y
HLAR IR 2 Ao HELTEL PP A LA S R AR TR T 1 A, i
PR SR AL o 24 FL L il RE A B I, 4Rk
0 IS B i R AR 2 5 B A/ R X 7 A
e A, TERR A AR I, DT 7= A - f i A SR/
I DR S LA 2E SR R L . I — i R R, B 5
{14 9y Jor e ok L AR SRR AL L T R R B DA, AR R
WAL 5 WS AL B W 5 LA TR R 4 07 5 i [ LA, 7
TE AR R IE Jit, DA T S 18322 5 F) O AR 85 9 HL
7 FEL T P RSP JROME IR DR AR E IO DL T, X — 4R A/
I JE AR AT LA TE BRI 3R

FLAT, SR Z B R —F e
WA 5T Fr , Oy 245 L AR 9 P 2801/ D FL T PR B E
IO, Jir 2R A H A DL (PO HELAR Ry 3, X R P AL
AR AR AT PR LA A SR o AR, PR 3 Y
JEAS 8 Ay ) 24 A R A 2 v B R M A Y G B TR
DRI T A i AR B £ 5 A R AR A o b B B I
B O — FioA A AR BAS B9 R REHIE H £ 52 31
M, JEHIE— S GOREEM A BRFE AR . BRIEATBHETE
HAT B 19 LR TR = 6 A S 0 (07 1 LB PR
A TR Bl 12 IR EE BT R TR S A 2
FLHE AL S A AR AL AL S ST E 2R R T
ZRINH . BT R R A L2 TR fE , B A —
R FE AR BT MR B AN KA A S0 M B 41
ENOSE AR T T A A E R, R R R
BE o (HIRBRAOKRAT A1 S0 S5 10 A T2 2 2%,
A P AR R B o PRI e S s R B R
JE T T SR B R R A IR N B O A A
A=Wy B FIRDE S VR HTITE B A pL Y B, b (g
FEAEY) SRR A AR TR — R AT P AR Y
BRI, ELAR R R RS RBR . A TR R A
A BRAORHEAT 2540 £ MR E TSI BEZ RE AL Y

R BTZ T A R

AR TAE LA SRS A DL i A0 A S A ) o
B DAL, SR PR A Ak B 55 Bl % AR 45 19 07 Ok 3 LR
A AN]SR JEE B AR e, I A BA R A i el Y
WAk o 38 it 22 AR I T BOR PR A 7] Bk A il
JEE AN () Bl e J3E 1 T 45 b ek 1) 45 4 22 S DL S A
HLR Fp 8 28 G AL P BB A B

1 SLEHBEEZE

1.1 RXF5HR

A3 H R T AU (K. Fe(CN)g) R FUE
B (K,Fe(CN)-3H,0) , AR, ¥ [ Bl 47 Tk A 7 5
Je/K 4 (EtOH) VA AL HF (KOH) (R W2 (Ji it 7 8K
37%) .5 i B (Super P) R i # & 4 (PVDF) ,
AR, Y0 [ [ 254 A Ak 250 A BR A D
1.2 BRMEIER

(1) A=W AT A= e 6 B

BT LS R 258 oK e, BRI TR
(LB KRR =11, B Eh BRI Y pH=1~2) =1
HEAT T4 B LA 25 Al 5 v ) £ 38 RN 244 I, s Ll
B i T S R O SR R NL AU
B TFRTRNELEE R (500,700,900 C) 4B 2 h, RIEA
(] 4B b et 55 4 BT 45 A= ik 43 91l 12 S C-500,C-700
C-900,

(2) 4= Wi i 16 Ak

PRI 0.3 g 4E W0k B T 50 mL R, Bt rhom
A 25 mL A AR 19 KOH (1.3 .6 mol /L) % i i b
12 h B 5 0 B0 A B A K, A R
Ar A TTERE 0.5 ho RIS B , K ARk Bk #4
RHE v R T . AR RS AR T AN TR
KOH ¥ B , ¥ Fir 45 4 & 43 il 4w 44 2 KC-1,KC-3,
KC-6,
1.3 ERM BRI

K P A3 B 7 B EE (JISM-IT800 1Y) i 8 1%
(Scientific DXR %))  X-HF 2 AT 5 (D8 Advanced %4 ) X}
JITAS B AL L AT S0 N2 AR R4 T R A
1.4 BERFREHRELFZERENE

(1) P rE fhap i B B AT T S

SR H 2 CO07-2 R] 7K ¥ 10 L At il ok $A s fb 27
b (1) T2 A 7 R At 1 A g & R K Y ke 4 o R A
b R Sty 4D L, A APV v A A AR £ 0O AR S B
TRIE . AMEH AL TAE S (CHIT60E AY) ol 5 7 I %
(KEITHLEY 2450 7)) el i {4 £ 1) f fb 2= sl #i e 4k
“MEfE .



240 BT R

2026 4= 6 H

(2) TAEH AR il 28 77 1%

W FL AR B R | 5 EL AR BT R e 9L £ 0 (PVDF ) %
b 702 TIRA 35, Ui N-F L e e i (NMP )
L ARG EFLAAL - FL1R 0.5 he RS H FLALIA
ISR R TSN A 2 5w .

(3 ZR I FL b2 R AR i Ak 2= 1 BB A o

LR B IR 22 (CV) 2 FBH IS (EIS) ,
FHL LA 3R %) 866 L e - U 25 T R % Pl O - T 2 1 R
(I 7 FAE FL AL 2F T AR E5E . CV RTELS SR AR
Y = LA PR R AT I S L 2 H A TGS AR 23 331y
Ag/AgClHLI AN 22 Lt , [T H LA IBCN KoFe(CND/
K.Fe(CN)JFR . A fbap iR R 222 N
HL - FEUR (T-V) il e D081 R (P- V) i 2l i) 207
PR ZE o FLAR 9 Ak v M R T A (ESA) @ i
i A 2 B AF ) [,=2.69X10°- ESA - D"?n*%
V2 C,Hp DoAY LR, n R AL/ S R R R RS
(R EL 8, v SR R, C A0 sl SR A T i
FE L RVEER R . AR R T, D=7X10°cm’/s,

b

n=1,C=80 mmol/L.

2 HEREHSH

2.1 AREIRETEBEMBmIF RS

B 125 T SRR R IBRE T AR 2R Rk b B AN
[ ASEECT B9 SEM BG4 1B08 E h 500 “CH
JIT A C-500 #4 H Y 2 TG, I 77 LTS A 221
- ik LA K I 3 40 6 4 T 35, 00 BH S BRI 22 30 0 g i
YR A AE 500 CHEbe e i e 38 R i (&1 1(a) ) o FERK
KAFHC KA SEM EIG e DL EE 3] C-500 44 KLY
1T 52 BURE SBCIR L 33 2 PR T BB B 200 R A 4 T B
(EI1(b)) . Yl B 5 28 700 “CHY, firfs C-700
%) 3 TTRH A8 A8 A5 5 fin oA e () 1(e) L (d)) , X Tl
JEE 4R v S B R A0 ) i — 2 R e T B B R
TR RE HE— A TF R 2 900 °C, i T 40 e il E— Ak
a5 TR AMBE R 2L, EAS C-900 BRI F J2 2% T W4
RS, HRAA TR, i 1(e), (DR

C

200 v

FIT ANERELEE M BbR Er AL Wi SEM 1412
(a),(b)C-500;(c), (d)C-700; (e), (HC-900
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(a),(h)C-500;(c), (d)C-700; (e), (f)C-900

Bl 2(a) 25 T A AL EE T 48obe BT A i i) 2 4 ke
MEHY XRD 3% E . 3 FlORRRE T BB i 1 2B 9
Tk 7E 20 20 Ry 25°F1 A4° B 387 1 BT 45 58 I A0 23 0, 3
S R 8 B R A (002) F11(100) T 458 56 A 175
SPUERE R T T A B0 B A4 RE LA A S 2R A
XRD §# & |36 7T LA H, C-500 f) XRD £ G 06 ) 5%
JEE AR , 3 S PR A e A0 1 TR B8 T A8 T A s 114 A B

FEREEE B . BEAE, C-500 7 28° 1 41° B T 148 W 2 51
24N /NI | 3K FT RS AR ) A B BT B A R 20 iR o
SRR TR, MEBRRER S
700 “CHI1900 °C, fr5 C-700 F1 C-900 1 K 1E 25°F1 44°
BRF 3T A U 56 2 A BT 3 0, 1E B B4 ORE G A AR AL R
R,

P 2 (b) J2& A6 A R I BE T 4B e BT A5 26 W sk 1) o 2



B4t He

A AT A A BB E AR A v b P ) R

241

it . MWEL BT LUE H, 3 AS AR T H8obe T & %
B OREAY L2 5k 5% 5 R R AH L, 7E 1360 cm ! I
1580 cm ™' Ab HH BE P AN . Hirb, 1360 em ' Ab Y47
2 AR IO ETEA , N DA, E R R
A B B PN 1 3 2o sp? B B 1 B 5 | S 1) T PN AR 2 T
e, H AR TR A BEE RBE T
1580 cm ' Ab () 63 M A1 Baaty AR R Gy ARk

T sp A I AR T N AR B Sl AT D A 0
G a7 Wik B 1) FAEL (1,/ 1) , 1T LA A 9 44 sk
R B R i e kTR B2 B 500 "C %8 900 °C,
JIE AR AR 7 2 I/ T fB A 0.80 15K %2 0.96 , 31X 154H]
B 5 e A0 TR 32 1 T i, 2 i o el e o 2 i 2
(28 A7 SR ZE A BRI 22 78 C IR I A iR B
A I A 2 0 T A5

(@) (b)
i, D G
0.96 C-900
C-900 ,
- >| 095 - C-700
z z A \
5 S
. 080 ./ C-500
C-500 /
10 20 30 40 50 60 70 500 1000 1500 2000 2500

26/(°)

Raman shift/cm-"

K2 NIRRT ARG A A A TR A4 R XRD () il Raman (b) 3% 4]

Fig.2 XRD(a) and Raman(b) spectra of the biocarbon calcined at different temperatures
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Fig.10  Open potential-temperature difference curves(a) , thermopowers diagram(b) , short current-temperature difference curves(c) , maximum

power-temperature difference curves(d),I-V curves (e),and P-V curves(f) for the KC-6 electrodes with different electrode areas(f)
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