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Progress in Biomass-Based Carbon Materials as Oxygen Reduction
Electrocatalyst

Gao Shuyan, Su Jingzhen
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Abstract Fuel cells as a kind of clear energy source have great prospects, and Pt-based catalysts are often used
to boost the cathode oxygen reduction reaction (ORR). However the limited Pt reserves and high cost seriously
obstruct the commercialization of fuel cells. To find new cheap materials with high ORR activity and stability to
replace traditional Pt-based catalyst becomes one of the key issues of large-scale commercialization of fuel cells.
Carbon-based materials derived from biomass are considered to be one of the ideal alternatives, which have been
intensively investigated recently. The research progress in biomass-based carbon materials as ORR electrocatalysts
was reviewed and the future development was prospected.
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Fig.l (a) SEM images of the HPC; (b) HR-TEM image of the Pt/HPC (Inset: Histogram of particle size distribution) 1%

T AEV BB RS 8 R T8, B8R 5T 2R A AR, SUERERF4N, Bk
PRI MEATE T R RE R AR . DEAARY], BB RED N =TT H SR T A
FERRIPEREY ) (DEUCRINB AL T PENPs TERREA RIR%Sh 115382, 46 Pt NPs LAB/IMHEL
R N EAREA L QRITRBRINZH 5 AT, BAGH TR, Mg kS Pt NPs



http://www.hxtb.org fh22iEd 2015 4 55 78 & w2015016

ZIESE )y, R SmERAERERES, W TR Q)EUTR MBI 1 Bk S
PE, B T St R AR A HL 1 45 R DA T 48 iR A 70 A A

3.2 SMRERMEUEARERENLT

FEREM B NBRE SR, ISR T M PR T RSEANIR], AHSIBR S5 7 PRV A7 2t LR,

HLA AT AN 5, BEARNE F P 2 BIRER, TG R O AR o T TR B AR S i e s, B A
HE -
321 BB AT R B 240 B N AR S R EUE JFEAL ] Chen 25 I Z i Typha Orientalis)ffI ¢ ff
VENIERL, Jet HHEAT K RIS BIRAC KBS, SR A T 1A B R AL SBEIE , B5 EE A5 800°C
AR, FAREB ALK . W AT AL SR, R IR AT AL, R mRER R
15 898 m/g, (HARR S ERIE 9.1%, {ERRERRIEIREE #5418 i i 204 SR HL Ak 223% P (K 2).

(a) (b) 3~ B o (C)
3 - &
L) £
z g
: 2.
E
000 800 800 400 200 01 0 03 04 05 06 07 08 09
Binding energy (eV) Potential (V versus RHE)
b o
0
(d) (e) NCS-800 (f) PuC
q i T
N o e
E 5 §-2
i { g
" =4
— 0SMH,SO s
Ly — D5MH;80,
- — B5MH 50, +0 5M MeOH — oMM SO0
O SR A o P T 01 02 03 04 05 DB 7 08 09 1.0 01 02 03 04 05 08 07 08 08 10
Potenial (V versus RHE) Potential (V versus RHE) Patential (V versus RHE)

2 (a) NCS-800 HIEE FREIEEIGREIR /R C. N« O FIESEL); (b) NCS-800 B4 #ZIB ST FRMIEE; (c) (d) NCS-800 # PH/C it 514
TRETFHIEERZERARLZE; (e)(HNCS-800 F1 Pt/C B M &1 TREEFHiEE B E B R R =2 EY
Fig. 2 (a) XPS survey of the NCS-800 (Inset: Chart showing the percentages of carbon, nitrogen and oxygen according to XPS data); (b) HRTEM
images of the NCS-800; RDE voltammograms in 0.1 mol/L KOH solution at room temperature for (c) NCS-800 and (d) Pt/C with or without 0.5
mol/L methanol; RDE voltammograms in 0.5 mol/L H,SO, solution at room temperature for (€) NCS-800 and (f) Pt/C with or without 0.5 mol/L
methanol **
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Fig.3 (a) SEM images of the CDB-Fe; (b) RDE voltammograms for ORR on CDB-Fe, CDB, XC-72 carbon, and Pt/C electrodes in 0.1 mol/L KOH
solution %!
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Fig.4 (a) Photograph of willow catkins and their carbonized samples; SEM images of willow catkins carbonized samples at (b) 750°C and (c)
950°C 1>
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Fig.5 (a) SEM image of the S1-AZ-800; (b) TEM image of the S1-AZ-800; (c) TEM image of HAZ-800; (d) high-resolution TEM images of
HAZ-800 0!
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Fig. 6 Schematic procedure for the fabrication of N-doped, high surface area carbon from amaranthus waste
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Tab.2 Performance Comparison of several oxygen reduction electrocatalysts %%
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Pt/C (20(wt)%) / / 0.30 (vs Hg/HgO) / 4.66
5 &5E

ER PR, DAET N SRR 4 BRI SUE R LA R T — B R, 193] TIRAMEm SR .
ERA RV LS BRALTTVE IR MOR K AL R RE S5 Rk PY/C AT )i 1 45 05 T A AR K
T EVIFRMREZ . HEFE . WSRO R R B RS S
— R EE RV R GIR, XTIRFFIAI, 5 O T BB N REE A REIR, AR AR A T IEEL
YIRS Tl JERE,  IX B A H T R AR S A R A ARG . B AR BOR MBS K A e, AR
AR LD FUR FE AL TT 202 B RetEIH,  SXAUASREAE ALY 15 B 78 704 BLA R B A
R, 0 ELAER SR GE Bl A R S AT O A B 1 1 BT G W SR AW IR SR A v B
(B AT AL 204 S AT, BEREMR DL E & 2% S T A BRI E VIR SR A R I, SLRESEBILR F7 4 (1 5%
VACFIRT . A AL e PR At B R FOT R AN 2 70 R IR R T 15 me, sl B 2 u R BRI
CETMrRERZMIENITR, HEBRIETHEE . ST RE AR UL SR RS T, [
TR RGMBTT. 20 R B I MG 0L S PR R s JE AR TR B 0, 1752 2 M R A
A IO RIS, HLbT FEXERE IR 208N BEAh, KA B W A LI 3 000 F Bk 2% 1 AL AL
JEUSSE,  FEBRTEA B PERE AT Hrdn, 1K™ B 1 RRE L AR R Y, 2 A g R 14 T

BRI AR E N R SR AL, FRBLH R 1S MU R T BT CO hagthRe LA AR
TP IR ARG, KA 5 AR SR AL TR R A R 2 T7 1)

SE

[1]  Bszum R, Jbat: L2z Tl R, 2005.

[2]1  AFHE, R - REE Jba: A Tk AR AL, 2003.

[3]  FKEGT. AEYITATA BRI AT R KB DR 2 AL, 2004: 1~50.

[4]  Relz, SEk. EYFREIAFABOR. Jbat: 2Tk diptt, 2003: 1~195.

[5] RAEEGE, BOIW, 2R & RFlEEEAR S T, 2008, 8(11): 2914~2919.

[6] TR, BTA, X S5 DUREAEL 2011, 10(42): 1746~1749.

[7] S Tabata, H lida, T Horie et al. Med. Chem. Commun., 2010, 1(2): 136.

[8] AN AEI-Hendawy. Appl. Surf. Sci., 2005, 252(2): 287~295.

[91 M P Elizalde-Gonzalez, V Hernandez-Montoya. Biochem. Eng. J., 2007, 36(3): 230~238.

[10] JM YV Nabais, C E C Laginhas, P J M Carrott et al. Fuel Proc. Technol., 2011, 92(2): 234~240.
[11] W C Lim, C Srinivasakannan, V Doshi. Sep. Sci. Technol., 2012, 47(6): 886~895.

[12] X Geng, L X Li, M L Zhang et al. J. Environ. Sci., 25(1): 110~117.

[13] P Nowicki, J Kazmierczak, R Pietrzak. Powder Technol., 2015, 269: 312~319.

[14] C C Martins, O Pezoti, A L Cazetta et al. Chem. Eng. J., 2015, 260: 291~299.

[15] HDeng, G L Zhang, X L Xu et al. J. Hazard. Mater., 2010, 182(1-3): 217~224.

[16] X Li, W Xing, S P Zhuo et al. Bioresour. Technol., 2011, 102(2): 1118~1123.

[17] T E Rufford, D Hulicova-Jurcakova, Z H Zhu et al. Electrochem. Commun., 2008, 10(10): 1594~1597.
[18] T H Liou. Chem. Eng. J., 2010, 158(2): 129~142.

[19] T G Chuah, A Jumasiah, I Azni et al. Desalination, 2005, 175(3): 305~316.

[20] E Yagmur, M Ozmak, Z Aktas. Fuel, 2008, 87(15-16): 3278~3285.

[21] D Schneider, M Escala, K Supawittayayothin et al. Int. J. Energ. Environ., 2011, 2(4): 647~652.
[22] B S Girgis, AN A El-Hendawy. Micropor. Mesopor. Mat., 2002, 52(2): 105~117.



http://www.hxtb.org fh22iEd 2015 4 55 78 & w2015016

[23]
[24]
[25]
[26]
[27]
[28]
[29]
[30]
[31]
[32]
[33]
[34]
[35]
[36]
[37]
[38]
[39]
[40]
[41]
[42]
[43]
[44]
[45]
[46]
[47]
[48]
[49]
[50]
[51]
[52]
[53]
[54]
[53]
[56]
[57]
[58]
[59]
[60]

K'Y Foo, B H Hameed, Chem. Eng. J., 2011, 173(2): 385~390.

J Mi, X R Wang, R J Fan et al. Energy Fuels, 2012, 26(8): 5321~5329.

AM Ghahfarrokhi, P Moshiri, M Ghiaci. Appl. Catal. A, 2013, 456(4): 51~58.

J C Moreno-Piraja, R Gomez-Cruz, V S Garcia-Cuello et al. J. Anal. Appl. Pyrol., 2010, 89(1): 122~128.
HJ Liu, X M Wang, W J Cui et al. J. Mater. Chem., 2010, 20: 4223~4230.

W T Huang, H Zhang, Y Q Huang et al. Carbon, 2011, 49(3): 838~843.

R Ozao, T Okabe, Y Nishimoto et al. Energy Fuels, 2005, 19(4): 1729~1734.

Q R Qian, M Machida, H Tatsumoto. Bioresour Technol., 2007, 98(2): 353~360.

R, 0L, SR % RHAERBIE, 2005, 120(2): 31~33.

W N R W Isahak, M W M Hisham, M A Yarmo et al. Renew. Sust. Energ. Rev., 2012, 16(8): 5910~5923.
BB R, P, BER 55 KHAEYR, 2006, 27(5): 496~502.

AR, ER2ET, B2Eds. FEYI4L T, 2005, 22(4): 249~252.

B Hu, K Wang, L H Wu et al. Adv. Mater., 2010, 22(7): 813~828.

X J Cui, M Antonieth, S H Yu. Small, 2006, 2(6): 756~759.

XSFHT, PG TEHUR R AR, 2009, 24(6): 1132~1136.

K B Yang, J H Peng, C Srinivasakannan et al. Bioresour. Technol., 2010, 101(15): 6163~6169.
BHRE, XIiids, S04 4. BAMLT, 2006, 26(S2): 230~235.

SR, ang, PR S EIEE K224, 2008, 30(12): 76~79.

ZRag, ek, P 4. E, CN 101780955. 2010.

E J Biddinger, D V Deak, U S Ozkan. Top. Catal., 2009, 52(11): 1566~1574.

K P Gong, F Du, Z H Xia et al. Science, 2009, 323(5915): 760~764.

C Raghuram, K Shankhamala, X Wei et al. Electrochim. Acta, 2009, 54(17): 4208~4215.
R L Liu, D Q Wu, X L Feng et al. Angew. Chem. Int. Ed., 2010, 49(14): 2565~2569.

Y K Zhou, R Pasquarelli, T Holme et al. J. Mater. Chem., 2009, 19(42): 7830~7838.

D S Yu, E Nagelli, F Du et al. J. Phys. Chem. Lett., 2010, 1(14): 2165~2173.

N P Subramanian, X G Li, V Nallathambi et al. J. Power Sources, 2009, 188(1): 38~44.

Y Tang, B L Allen, D R Kauffman et al. J. Am. Chem. Soc., 2009, 131(37): 13200~13201.
Z Chen, D Higgins, H Tao et al. J. Phys. Chem. C, 2009, 113(49): 21008~21013.

S Kundu, T C Nagaiah, W Xia et al. J. Phys. Chem. C, 2009, 113(32): 14302~14310.

HJ Liu, Y L Cao, F Wang et al. Electroanalysis, 2014, 26(8): 1831~1839.

H Yang, H Li, H Wang et al. Full Cells, 2015,15(1):214~220.

P Chen, L K Wang, G Wang et al. Energy Environ. Sci., 2014, 7, 4095~4103.

Y W Ma, J Zhao, L Zhang et al. Carbon, 2011, 49(15), 5292~5297.

S Gao, Y Chen, H Fan et al. J. Mater. Chem. A, 2014, 2(10), 3259~3678.

S Gao, Y Chen, H Fan et al. J. Mater. Chem. A, 2014, 2(18), 6320~6325.

S Gao, H Fan, S Zhang. J. Mater. Chem. A, 2014, 2(43), 18263~18270.

S Gao, H Fan, Y Chen et al. Nano Energy, 2013, 2(6), 1261~1270.

S Gao, K Geng, H Liu et al. Energy Environ. Sci., 2015, 8(1), 221~229.



