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Abstract

Oxygen reduction reaction (ORR) electrocatalyst is one of the core materials in fuel cells. It is very
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important to develop an electrocatalyst preparation technology with high activity, good stability
and low cost to promote the large-scale commercial application of fuel cells. Compared with metal-
based ORR electrocatalysts (such as low Pt electrocatalyst and non-noble metal electrocatalyst), the
carbon-based electrocatalysts have many advantages such as good electrical conductivity, high sta-
bility, adjustable porosity, morphology and functionality, etc., which are more competitive. Biomass
is the most abundant renewable resource in nature, which is usually rich in a variety of heteroa-
toms. In recent years, carbon-based ORR electrocatalysts synthesized from biomass have attracted
extensive attention of researchers. Based on the types of biomasses (plant, animal waste) as a start-
ing point, from the synthetic strategy, physical/chemical properties, catalytic activity, poison re-
sistance and durability, etc., the latest research progress of biomass-derived carbon-based ORR
electricity catalysts are reviewed, the difficulties that exist in the preparation process are analyzed,
and the research prospects in this field are also discussed.
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1. 518

AR, ARG A BIR (i, BREAN R R ) At B 7 AR IR B A05  o] id  28 g 4 BT I g o 22
W 2 —[1]-[4], FERFTALERE AL, $Em AR RCR AR b 7 O A BRSGE I #S . TERTA BT ALE
WREIR A, HARERMSERR . FTH. B 20 SRR I T [T 85 7 A8 3 L RRL
R OO R W AR G A REVE B A 22— [5] [6], FFAESCIBIz Hinke 2% h RS 1 M H] . H5 DIkl
FEHME G IEIE AL, BRI B IR Z R e ), RMER. s, PUR R —%
TREEAL R /TR 55 I ot < B A (PO R AL 7R, U B 71 32 8248 (1) 4004 )5 2 . (Oxygen Reduction Reaction,
ORR) ¥ T Z m M E S )E Pt, & FBOLRAR . Sz 55 I CBE R 2 —[7] [8]. 5&mHEMA (5t
SIEAHER & B, M EADORIET . BRAMG R M M HATELE 75 i 21 1 5 48 4k 5770 1) [
W) R, FEBLHS R IR 5 4 FT[9] 0 TEARZ B IE ORR HLMEALFI Y, 44 R 115 2% IR G K [ LO) R F SR [ 11]
EWEA 5 () ORR fALTEPE X 2 I R AF mdase v, B IR §T 5, (E'EA12 DAL A R i IRk
JoJERE, I RERE T 2 (L AT IUBOR . O 3RS, HIP AR T2 HAs T 23
B, W FEURAE R AR A

VAR B AR R BEAL T, H AT, AERVEE R A 1400 AL AR AEY TR FEY), TR AERR,
FER S T7 ST R B, AU IR 3858 il S5 Y, 1 H AR A SR, AR SRNE[12]. SKIR) V2 1)
AP FARR & B & A £ 8 NRRE T, e F RS, BRI A S & st s . B tee
UF B AREF IS ORR EALT, STFEAK ORR FELMEALFIRRAS . N oRdl et $fE A v B B A 22
ORI & SCRISE A, Bk, AWRATA R ORR AL 752 2B bR 22 WOl MBI 50 3 1 75 bR [13]
[14]. ASCNAEYIFRATAE RS ORR HUEAL A /3 2 K, 2738 T U4 5Kk TR IE 19/ [R] 2 B A= P I A7 A2 Bk
%& ORR AL I 78 1E 2

2. EYMIRITHERE ORR B 4L
I SR DR AL T (R R D AR BRI A B D Eh i S B R R 3R, e,
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EYRE AR A HUR[LS], BER 2= WA REAR T, BESHEYER. KRR EH.
TR A AT ER AL 5 o [16] . ShAIR TP 4G B SRR = 4. P AN ey, T2 205 3h)
B R RATCHLER A R [17]. ShA IR FEI AR IR A W) IR B S A K BN IR T8 2 AR K AL
wY, ATROEE R Y E ARSI E A A R AR AL, AR MR E R T . SRR,
TERUERAE e AR A Jm A B R A B TR i S M . R RN Eh Y BR SR A SRR iz
IRAAS . Jois G iy sl A R B ORR FUAEAL IR AT IR R . DRI, AR RRAT S Gl Aot i 46 5
2SR T I BR L ORR AL TR HAT ™l (¥ S FH AT 5% o

2.1. EPITEROERE ORR HLAE{LF

TR FZ AN, TTHFIK S R, WK G AN &5 HE 90%~95%, TahlA bt ol 5%~10%,
HPEVEREARRER, d4ER, LA R, WL EWEONR, 4558, XK, WEfrEns. T
TGS OB TR AR (IR, WEIRES MIBRER P 45) [18]. MMFPREIL, AR SHEMAINA & B ARy
(R ZHLZA G5 /RN T 2R 0 AT, 36 1T T LA 2% HH AN 7] 45 ) BB B (22 AL, TR oK 8 Af 52 445) ORR HL AL 771 [19]-
[22].

2.1.1. EYITERZFLERE ORR ML
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Figure 1. TEM image of corn starch derived porous carbon-based ORR catalyst (a), LSV curve (b), Potentiostatic
polarization curves in 0.1 M-KOH solution (c) [21]

1. EXEMETE S FLIM R TEM El(a). 7£ 0.1 M-KOH ;&% 0 LSV mh&k(b)FniErE SR 1L #hZk(c) [21]

Z AL AT AE RIS ORR fEALFI SR W2 —, AI&Id # 5 1 sl #vig T 25k, Him A
BRI R . B R keh SR ER A2, S mERREE)E, THREESNE 1@FRK N
(2.42 at%) 1528 2 FLEEA KL, EL R MR S 1568 m2.g . 7E 0.1 M-KOH ¥, 1% kE(NCN-1000) /%
PRI B H A IS B-4.5 mA-cm 2, B TRk PUC (5.5 mA-cm™), WIE 1(b). FEHIERFET R, #
fRIR EE AN 800 CHRE TR 2 1000°C, RFEH N S &M 4.28 at% 4K % 0.91 at%, FUIE RS k%
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MAEFEFRE, FHHARMEZREFEERCASMAAY . G187 F2 e MK (-0.25 V vs.
Ag/AgCl), NCN-1000 HLF 25 FEZEI8 T 22%, i ik PYC LI 25 250k 1 33%, LI 1(c). /L%, NCN-
1000 7EBR ML A e HE BRI PY/C B8 e 1 A 2 A e M, AR HCLE A FH I R b A Wl s 1) A A A 1 e
o

BESE S NJGR, S, ZnClifft. ik mRAEAMERLES, 7 Hl % s inE-N (4 N
R 48.1%) 5 22 2 FLBRA R HIESR UL 2(a) [23]. 1% FE(GHS-1000-2.5)7F 0.1 M-KOH ¥, Zid
18 LA AL 20,0008 5, HRLIRZEFE BRI LB N 6.1%, K TRk PY/C (23%), &% GHS-1000-25 Ef
BORMTEBEALERREYE, W 2(c). BAMBIR =R UKIG, FkZEATE N (4.8 at%) 1578 2 fLEk M KH3DNPC-
800) A L R AL F] 1012 m2.g7t, ISR LI 2(b) [22]. Sie s REW, PRI M 700°C FHEZE 900°C,
AR N &2 A 8.06 at%lFfik % 3.02 at%, =WRFE 3 Sk 2278 Ml VR AR RS FE v, Bobh Rl R T
IR 2 T . 7F 0.1 M-KOH ¥, fEH7(0.7 V vs. RHE)H 1k 20,000 s Ji5, 3DNPC-800 i Hi it
BEPEIEIL 3.5%, FEIHIH /N TR PYC (17%), R IR 1A e 1 WL 2(d). 3DNPC-800 [ FRL
FFBREUHCK), SBOLLERTMAK. 8 S5 MREFHRAZ AR REMFHTAE N S XiB
ZALBABL, MR ATAE Ny S B2 Z LA RIE 0.1 M-KOH & P # JE R AN 1 ORR % 1t Al A e 1,
AR R AR (29 Lok 20i)) [24]-[26]
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Figure 2. Morphology image of guanine and taro stem derived porous carbon-based ORR catalysts (a, b), Potentiostatic po-
larization curves of guanine derived porous carbon-based catalyst in 0.1 M-KOH solution (c), Potentiostatic polarization curves
of taro stem derived porous carbon-based catalyst in 0.1 M-KOH solution (d) [22] [23]

2. BIERFNFSLENTE SIBRMB RSB, b). REERTTE S FLBRMAIE 0.1 M-KOH AR [ER ik 1Lk
2(c)y FIEFESKLZENTE ZFLIRAMBIE 0.1 M-KOH J& & I AR L BhZE(d) [22] [23]

EREYIAT A 2 ALK ORR (AL TR E 7 B s A ) ORR AL PERE, (ALAFAER AT
ERBR. MBS G el SR e B BURLAR I 2% SR T S B R R R R BOR (L HoK) A
AR AR A R R A I, DR R BERNRIRT L. BeAh, ZHUEMINTE 2 LM B A SRR T
BEAL, IFRAMBARRIETRIETH R AT &8, SHEHIS TEEBL AR K.
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2.1.2. EPITERRIKEE ORR #L5T

T4 K (Carbon nanotubes, CNTS){E A —4Egk Ak, HAEEER. MFIRHEY:. 1%, e
PERE, SZRIRR AT T MR [27]. 2012 4F, SR AERARAL[19] 8 R AL T 5 I3 . B2k B2
FBARE R 7 AT, RS SRS RRTURS TN 950°C 5 h)il# Hi— &4
BARI ST CNTs. Horr, 258, &6 BEZ R A NETIRAR) CNTs SIS BR5], LB AK
HONFTIRAR T 4 1 CNTs BAREZ15), HELA K. R LR CNTs 2 5 Bh iR b2 S AH ok,
AV B % CNTs IRAEE 2R .
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Figure 3. SEM image of catkin derived CNTs material (a), LSV curves in 0.1 M-KOH solution (b),
Potentiostatic polarization curves (c) [28]

3. HIZELTHE CNTs A9 SEM El(a). 0.1 M-KOH &g LSV mhizk(b). B8 Ik LiZk(c) [28]

Li S5 N[281K M0 2. = R FH A &AL TR A HE 800°CHI No R # i3k 13 Fe. N 524K CNTs
KL B Fe/N/CNT@PCF (1] 3(a~b)). SEEa K B, 5 KRB AR (PCF) M BT A B B (LL R AR : 179.9 m2.g 2,
N &5 0.29%, kI AL A-313 mV vs. Ag/AQCI, IR BUE IR E A-1.43 mA-cm™2, H-FHFEECN
2.87)FHEL, I =R EULAN EA AL A B3R Sz a4 BHE EE R AR (461.5 m2-g ) AIE N #(4.15%),
T H A IER 2194 mV vs. Ag/AQCL, A R4 i i ot 85 B A 73 B 200 il 3R 1 22 -4.08 mA-cm 2 Al
3.91, R PUC [0 A7 (—171 mV vs. Ag/AQCI), R FRY B LI % (—4.63 mA-cm ) IR T
#(3.99). £ it iE AL (—0.4 V vs. Ag/AgCI) 20,000 s J5i, Fe/N/CNT@PCF () HL i %5 J ZE U & 88.9%,
LK 3(c).

IR RE P EETE R SE AR G TT 313 NS PL S =032 £ 7L CNTs M RH29] (K 4(a~b)), fEBRIE A
Fir, ZAEAGI(NSP-CNPT Cs2) 44 12 m Al PR 4™ B FRL I 25 2 (-5.2 mA-em2), L2 /5 TRk 47.6% Pt/C
(4.5 mA-cm2), 7EBIEFIBRIERN L T, NSP-CNPTCs2 18 A1k 25,000 s J&, FHL %5 5 20 5 S 2
96.4% (B4 7E—0.3 V vs. Ag/IAgCI) AT 90.2% (R PELE 0.4 V vs. Ag/AGCI).

B LAY FATA ) CNTs ZEME A7) ORR it PEfE = T ik 47.6% PYC, (R )% TE (R
FAUTRREAR . IIN& @ AR S8 0 T 2) SECLHI & A R =, SEhRS A 52 2IRE] . [, A5
FTA I CNTSs JE AR A 70U 7E A P Jo 2 o AN T 3 S 1) 77 7 A2 A P i 30
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Figure 4. TEM image of osmanthus fragrans fruit-derived CNTs material (a), LSV curves in 0.1 M-KOH solution (b) [29]
4. BETERSEFTE CNTs #1880 TEM El(a). 7E 0.1 M-KOH j&i& LSV BhZk(b) [29]

2.1.3. EPITERNARIEE ORR L7

E—4E CNTs ML, i 584 (Graphene) & LA sp2 2= 4 7% Hz I ik Ji 1 5 25 ME AR e o 22— e i3 IR At 1Y)
YK A5, LUBRGUK B AL SR RE TR S, AR — Bl AR SR e YA R 27] [30]-[33], AH FH il & A
w1 P AGHE B K . Zhou 28 [341H KOH V&AL Ja BB 5 AR &SR AR, 3R 15 1 LR TR (1152 m2-g Y.
= N E 8 (5.73%) 15 4 2 LA S M5 ORR AL, HIESH WA 5(a) s . 1ZHEALFI(SBS-K-A)ETR I K
e R ER 46 L A37.(—0.009 V vs. SCE) A2 HiA7 (—0.202 V vs. SCE) 5 7k Pt/C 453/ (~0.007 V vs. SCE #1-0.188
Vvs. SCE), UL 5(b). TEERPEFIHEAE 7 - 23 ARk AL 10,0008 J5, 12 A7 1 FLIE 55 B 20l 32 08 19% (iR
PE)FI 8% (WaE), ZEIRCHEZ BN TR PUC (FRPE: 32k 30%, Blit: I8k 16%), RKILHEUF I E
P (E 5(c~d)).
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Figure 5. TEM image of pea skin derived graphene-based ORR catalyst (a), LSV curves in 0.1 M-KOH
solution (b), Potentiostatic polarization curves in 0.1 M-KOH solution (c), and 0.5 M-H2SO4 solution (d) [34]
B 5. BEEITEAREMRA TEM Bl(a), £ 0.1 M-KOH &&= LSV % (b). £ 0.1 M-KOH &k
(C)FATE 0.5 M-H2S04 iF i (d) 1B R AR AL B 2% [34]

wE 6 fras, Ui FNEME, 40 KOH k. FiRPR(E S, 1000C) )5 il & H N (&
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9 1.04%) 45 2/ FLA B IE(NDPG) A RI35], FHAE 0.1 M-KOH 17 H (2K 3% HL437.(—0.18 V vs. SCE)#3r i
Al P/C (—0.17 V vs. SCE). HHL{#%4t 10,000 s Ji, NDPG FJHJi % E TR E 96%, ik PUC [ HLf %
FEREIR A 91%, KB NDPG E A7 B F Ak 224508 M - 2 vT R [36]48 H3PO4 Tifi Ak« /K vl Ak (I 2 180°C,
A A 30 h). KHCOs il AL AT iR Vg R v] 1l 4% N (3.71 at%) 5 24 41 S84 bk, 7E 0.1 M-KOH ¥ 2
W HEATIAF] 0.81 V vs. RHE, ik PY/C (0.84 V vs. RHE). £ i fH HiA7.(0.40 V vs. RHE)#AL 11 h &,
HAAC RIS B I ek, R LG 6.28%, Ik Tk P/C (38.8%) .

KA & @ B AT, R AR KIAEE T2 — e R B 380, (ERE Y 2% 5
TEHERK, HANTFEIMS IR T Z(EAE) R m AR T3 2T ORR L MERE.

gr bATR, R RT Lo A [E] 09 07 2 % i W 2 FUB . CNTs. A3 S S5 250 I BRARE, BRI |
FR VRV T s RS Y] ORR AL MERE, (R i A7 7E 4% SR T & B R TR 2R EUD . il i 5 ik
RIORL 2 11 2% J5 1 2 B W SRR AIC . JBORE RS (2 U HRICK) BOR A A I 2 v P e S il 58 1 o I L 75 4R
2, ZEEVATEBME A S RETS5ERIK, NHRIMERIRIETFRIEERE TS EMME, S8
H/LEEB BN SRR 52 2 PR .
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Figure 6. Low-resolution SEM image of eggplant derived graphene-based ORR catalyst (a), High-resolution
SEM image (b), LSV curves in 0.1 M-KOH solution (c), Potentiostatic polarization curves (d) [35]

E 6. FITEREHMEIBRE SEM El(a), &% SEM El(b). 0.1 M-KOH &R LSV #iZk(c).
BB IR AL IZE(d) [35]

2.2. THIEFITERE ORR #4457

S, SR B A G Y o KSR SR AL R AL ORR AL, BLRELRIIA
XL A, FF skt AIFFSERIAEE AU R R NG . SR AW B SWAA . B Ah5e
ABHYE A5

2.2.1. WAITEAEBE ORR L7

WARZN ) P 54 LA FERG BRI M MR SR IRIEE . Wang 25 A [371R 3G 7% 5 S BRIR & Witk AT
A, HlA H Feu N BRIUIREE ORR AL, FRAEBRIEVA M R I tH R4 ORR 5, £id 500
UAEIHAR 22 AR5, SRE IR 3 B 1R 3.1%. X9 ERIE 5 NaOH R A T BGE I AL BV, 2k T
M. EIRAVEG, T3S N S B 2412 FUBRA R (NSPC-1-900, RSFZA)LHck), W 7(a~b). 24#4
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iR M 500°C T2 900°C , il & IUAE A N 2 B M 9.0 at%f# I 4.0 at%, S & & M 0.60 at% 4L = 0.25
ato%, I IR PR BURARL R T A H 20 A% JR TR 2K . 1UFE NSPC-1-900 7 0.1 M-KOH ¥ ' ORR I
FEL U HLAT R HL A 43 BIIA #1) 1.03 V vs. RHE Fi10.880 V vs. RHE [38] WL5] 7(c). NSPC-1-900 £ i Hifir
At 30,000 s Ji5, FLHEERRE 95%, WK 7(d). XSEE S AL R ARG, H2 LR
sk, AR T ORR [IARFRY Bl i I 25 L 76 51 -4.36 mA-cm2, 225 20 h (R E HLALAR AL IS
L HL IR B Sk 2R 92% [39]

(a)

j(mA em™)

0.0 0.3 0.6 0.9 1.2 08 0 2 4 6 8

E (V) vs RHE Time (h)

Figure 7. Low-resolution SEM image of egg white-derived carbon material (a), High-resolution
SEM image (b), LSV curves in 0.1 M-KOH solution (c), Potentiostatic polarization curves (d) [38]
E 7. WEFITEBMELBEME SEM El(2). &f& SEM El(b)\ 7 0.1 M-KOH & LSV Hf
#(c)\ 1EERAIMRLERZE(d) [38]
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Figure 8. Urine derived porous nanocarbon material before (a), and after (c)
doping after iron salt and LSV curves in 0.1 M-KOH solution (b, d) [42] [43]
B 8. FRIBALTHE ZFLAAKRBA R Z T B 2k ERI(a) . /R(C)RY SEM EIRH
7£ 0.1 M-KOH & LSV BhZk(b, d) [42] [43]
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KI5 55 XC-72 [40]F1 CNTs [411R G G #i#, v 7 I ZRAFIMERE-N LR -N B2 A B AT N 454
CNTs Akl —H # R BT 1 ORR M fig. H, N 4% CNTs Mk & TR 5 T = (700°C~1000°C),
N &M 2.82 atvofFK 2 0.99 at%. fFE(N-CNT-800)7E 0.1 M-KOH i, £t 10,000 P&l fE¥FFa e P
D0 FL I B S Dk 91.4% . 1] 8(a~h) iR tH A KR (E & N JOE) [42] SHEEIR O-BilR #6418 1 B ikid
(B S tR)REFHEIEAMIEHEEM N (2.6 at%). S (0.9 at%). Si (0.3 at%)F1 P (0.2 at%){5 4 £ fLEk 1
BLURC-1000), F#fiftli B2 A 700°CH 22 1100°CHY, #il#iAFEH N &2 M 9.8 atf#K % 2.0 at%, [FIFE
TIE S R Pl 2 SEUmR A R TH 24 JR T/ 25 . URC-1000 7£ 0.1 M-KOH 77 H' ORR K% FR4 5 f i 25 1
IEE]-3.1 mA-cm™2, BEKT PU/C (—4.5 mA-cm2). LA Z Pk P4 Bk B R v B S R Ot iR 26 AN 2 11
BRI [43]FFE R R R ARA 2 Fe. N P RIS 8442 JLIK A FeP-NSC-800, [ 8(c~d)floR, fE
BV ORR AR PRI B R A %5 B i —7.0 mA-cm 2, TRk PUC (—6.0 mA-cm™2), 235 2000 [& 1
5000 P& 2 A S, =08 FEA 20 Il 3508 25 mV T 38 mV

WILFTR, 2R S R 3 B & st 2 FLARIE ORR L7, 5 Lemib4 k)i B fb 22 1
REHL 2R TR PUC, (HSHEMIATAEBM B, WAFTEARJR 7 & BRI 5 B R 3 1 4% IR
T BRI PO R RORE R . 1A, 2RI B REREEA R R Bl E R B
HELEA G TS T2, MBI CRAR .

2.2.2. BRISNFEITERNSFLERE ORR HELF
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Figure 9. SEM image of chicken bone derived carbon material (a), Cycle stability test curve in 0.1 M-KOH solution
(b) [47], TEM image of crayfish shell derived carbon material (c), LSV curves in 0.1 M-KOH solution (d) [48]
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