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Preparation of Gel-Derived Porous Carbon from Sweet
Potato Starch and Its Study in Counter Electrode
of Dye-Sensitized Solar Cell
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Abstract Biomass carbon has the advantages of abundant source, low price and wide application. Herein,
sweet potato starch was used as raw material to prepare biomass-derived carbon materials with porous
structure by alkali-induced gelation-freeze-drying-carbonization method. In this method, KOH not only
promotes the formation of gels, but also plays a space-occupying role as a template agent to form porous
carbon. The experimental results show that the pore size of sweet potato starch gel derived porous carbon

(SPSG-PC) is in the range of 1~2 pm, which was used as dye-sensitized solar cell (DSCs) counter elec-

trodes and assembled into devices. The photoelectrochemical characterization tests shows that the photo-

voltaic parameters of the SPSG-PC counter electrode assembled devices are close to Pt-DSCs. Electrochem-
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ical mechanism studies show that SPSG-PC has good catalytic activity for iodine reduction reaction. SPSG-PC
has the advantages of abundant materials, low cost and weak pollution, which is in line with the concept of
green and sustainable development, and shows potential application in DSCS counter electrode materials,
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1.1 SPSG-PC [ &

S3PFE 8. 96 ¢ KOH 1 10 g £T B FEMA A 40 mL 253 F /Ko AR5 KOH RS N A ) 21 5 #;
VW AREE 30 min J5 , B G HEE A B DIBOCIREE S o K BT AR ROIRAE i 0 A LA TR AR T IS L
T80 TS RN 21 B3 BE I (Sweet potato starch gel, SPSG) BEKE .
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Ko PR ABE 258 /KVER 3 I RJETE 120 CTRHET, 1528 L Fr KOH 19 SPSG-PC 4t .
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58 LIS SN o [ QEIPIA S A 1))

JEBAM A E 25 S 4T 500 “CRdh LLBR 206 M b B3 £LA) (C LR 4E 20 . 1 F R O PR IR R 1 2 25 i
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Fig. 1 Flow chart of SPSG-PC preparation
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A RPN Z LA SRR BT . 78S A AIRAE Y SEM B8 30T LUE H, 7F SPSG-PC 44 K ki F - 17
TSR TN KOH Bk, E 2Cc, D HalFH K2R KOH 19 SPSG-PC. Rl AR Z 1L
B, X s B T R AR T KOH F0RLE B A » X b 22 FL 25 BE A il 7 i 45 . SO R T SPSG-PC
T SPSG-PC 5 HLff T W A B2 il AR B 38 K. LR S5 SR Ui B, K Pk KOH 1 SPSG-PC A & Z£L.
PER RGN, KOH B/ERM AT RENLELAN T . KOH B h 2035 e 0 B R 5L Kk A 40 F LA 0 T N Y
22 N s TR BBk A DE 3 28 B AC BRI IBREIG . AC G R v A7 — 28 KOH $ B AE S Ve My i, T8
iR SRR PR v LB A KOH Wedi NI i 2 FLZ45 . g Xt SPSG-PC SCs HIIT K 4Ltk £5 50 #r
MEBETE (EDS) 2558445 1, C.ON Fl K JTE MY BT & 5 70 50 76.45%6.19. 9%6.0. 5% F1 3. 15%, &l 2
(e) ZBEZ KOH ) SPSG-PC Y XRD &%, WE H Al LA HAE 10°,25° 45° A AFAE = A 9812 iy I, Horp
25° e A7 BT B S e AT SR R B AR AT ST, ] SPSG-PC A JE e TEAS I 2Lk

‘(a) T h o

(¢) —— SPSG-PC

Intensity

10 20 30 40 50 60 70 &0
26/(°)
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Fig. 2 SEM images of (a, b) SPSG-PC and (c, d) SPSG-PC without KOH by washing; (e) XRD pattern of SPSG-PC

2.2 Witoe i PERERFE

4 SPSG-PC AENXFHLI S TiO, YeBAME (T H i gl 2% i DSCs I3 Hot itk tkfe. I/ 3 B Lk
SPSG-PC 54 J& Pt 43 HIVE Ry i i AR 412 19 DSCs 78— iR FHIE T (100 mW/em®) ME J-V ik, H
SetkSHdn 1 s, i 1 /%, SPSG-PC DSCs ) PCE N 6. 47%, Horf Ve =0. 70 V, J o« = 14. 61
mA/cm”  HFHE T (FF) 7 0. 63, Pt-DSCs 1) PCE 7. 73%, 1 Ve =0. 71 V, J =15. 43 mA/cm” . FF
=0. 71, HLATHN, SPSG-PC DSCs i) PCE % 3f H 5 P+-DSCs £ Witk S84, FF AR S35 T
PCE AfAl, &l 3(b)J& SPSG-PC DSCs ) IPCE i1k, WEIH AT LIE Hi, H IPCE 7 350~650 nm Ju[H N Y
PSR T ARCR R R SO T RARSCR R IE 7 750 nm B, PRIIE N719 (A7 BRCA 1. 65 eV,
BE WK BH YIS A OB 2 GBI H BRAE 1.1 eV, R i SR ARHE — 2538 = 2o B IR 38 1 e e i 25 5, TR 2L
EMIZ R 8 3~ 25 A8 (AR Sy TS 7 R A WO J2 o) a8 5 A T A 7 B ) bbb A 7 L i sl 5 & )2

£ 1 SPSGPCE Pt 3R DSCs IR ESH
Table 1 Photovoltaic parameters of DSCs based on SPSG-PC and Pt counter electrode

CEs Voe/V Jso/(mA « cm™) FF PCE(%)

SPSG-PC 0.70 14. 61 0.63 6. 47

Pt 0.70 15. 43 0.71 7.73
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Fig. 3 Photoelectric performance of electrode DSCs based on SPSG-PC: (a) J-V curves; (b) IPCE curve
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Fig. 4 Tafel polarization curves of SPSG-PC and B 5 SPSG-PC 5 Pt By EIS Hi 2k
PT-symmetric batteries Fig. 5 EIS curves of SPSG-PC and Pt

5 I T F AT LR Y SCs 7E Rl — HL A 5 P i HEL AR 22 BB (EIS) #i 26. EIS J& ) 2 H T DSCs #AiF
XFER AR PERE B A2 O . B 5 R ETS 28 28 Ry (Nyquist) B, 3l F A1 Nyquist B2 s~
20, ZEDE TR o S 5 BTk iy ) 850 A 3R 58 Bk HL B (series resistance, R ) 5 ZEA0 - 6] 22 7 of HEL B 55 R,
e o AL 18 0] A B e A% i BB BH. (charge transfer resistance, R ) s 47 ) 14 2 8] 56 75 480 Ak 38 Ji H X6 728 B A o v 1)
RETRAD BT (Nernst diffusion impedance, Zy) o R HHITE X, 1 Zy HIAERORIX ., RIEE 5
B SCs 5L IE i ] Z-View B TILA I AL 22T S B8 TR 2 h. 78 1T /1, IR &R
1, SPSG-PC CEs 5 Pt CEs [ R, 435914 24. 61 F1 15. 82 Q. SPSG-PC CEs i R.. } 5. 27 Q. KT Pt CEs
B R.(1.62 Q). SPSG-PC CEs [) Zy LT Pt iy Z« fH. 70514 3. 93 fil 2. 23 Q. kg5 i, SPSG-
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PC CEs #9 R.»R.»Zx 5 Pt BIBHHLEIRANZE BN, b — L Ui T SPSG-PC CEs X i 5 S FLAT B 1Y
RIS L
&2 SPSGPCHI Pt ELZERSH
Table 2 Electrochemical impedance parameters of SPSG-PC and Pt

CEs R./Q R./Q Zx/Q
SPSG-PC 24. 61 5.27 3.93
Pt 15. 82 1.62 2.23
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