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Abstract: Sodium/potassium ion batteries ( SIB/PIB) have attracted widespread attentions in the fields of low-cost renew-
able energy and energy storage due to the abundant reserves of sodium and potassium, as well as their chemical properties
similar to lithium. As the key factors to promoting the development of SIB/PIB, the development of low-cost and high-per-
formance anode materials will improve their competitiveness and feasibility. In this regard, the environment-friendly and low-
cost biomass-based hard carbon materials with fine biological hierarchical structure, excellent surface electrochemical activity
and conductivity can almost be the preferred materials for anode materials of SIB/PIB. The inherent larger interlayer spacing
of SIB/PIB facilitates the insertion and deintercalation of sodium and potassium ions with large ionic radius. Based on this,
the latest research progress of biomass carbon materials as anode materials of SIB/PIB was reviewed. The preparation meth-
ods of biomass carbon materials with different microstructures were introduced. And, the relationship between electrochemi-

cal performances and structures of biomass carbon materials
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was analyzed. Finally, the facing challenge and future
development of biomass carbon materials were discussed
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Fig. 1

A 2R B AT 22 ok bR

SEM image (a) and cycling performance at 20 mA +g™'(b) of mangosteen carbonized at 1500 °C for 2 h ( HC-1500-2h) 311 HRTEM image

(¢) and rate performance (d) of PET carbonized at 1400 °C for 2 h (PET-1400) [32] ; SEM image (e) and cycling performance (f) of sug-

arcane bagasse carbonized at 950 °C for 6 h (SB-950) 1**'; HRTEM image (g) and cycling performance at 30 mA -g ™' (h) of pinecone-

derived hard carbon (PHC1400) [34] ; HRTEM image (i) and cycling performance () of the old-loofah-derived hard carbon %!
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Fig.2 SEM image (a) and first galvanostatic charge/discharge profiles at 25 mA +g™'(b) of argan carbonized at 1200 °C for 1 h after HCI treat-

ment ( Argan-1200W ) (36) . HRTEM image (c), rate performance (d) and cycling performance (e) of kelp hard carbon carbonized at

1300 °C for 2 h after HCl and HF treatment ( KHC-1300) (37]
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Fig.3 HRTEM image (a), cycling performance (b) and rate performance (c) of rape pollen carbon carbonized at 600 °C for 1 h after H,S0, treatment

(RPC-600) ) ; SEM image (d), cycling performance at 200 mA +g”'(e) and rate performance (f) of pomelo peels-derived porous carbon electrode

carbonized at 700 °C for 2 h after H;PO, treatment

Table 1

*x1

= BB BHE S0 ES F BB 3t ( sodium ion battery , SIB) AR 434 i B 4k 52 e g 13138, 46)

Electrochemical performance of biomass carbon materials as anode materials of SIB[3!3: 4]

Initial specific capacity

Capacity retention

Best rate performance

Anode materials /(mAh 'g71 ) ICE/ % /(mAh 'gfl ) /(mAh 'g71 ) Ref.
Mangosteen 330(at 20 mA -g™") 83.0 332?1(2)3 T};ilésg)_l 175(at 80 mA -g”™") [31]
PET 342(at 20 mA -g7!) 86. 1 17;55114%0:;1365_1 92(at 200 mA -g™") [32]
Sugarcane bagasse 290(at 30 mA +g ") 70.0 ~2:f(:e(ra;01(())(zyr:lj;-)g_' 162(at 2000 mA -g™') [33]
Pinecone 370(at 30 mA -g™") 85.4 32;2;‘2;8 ;“yilésg)_l 125(at 560 mA -g™") [34]

0ld loofah 695" (at 25 mA +g") 3231,;5‘"‘1‘030;;\65';5_] 1717 (at 1000 mA -g™')  [35]
Argan 333(at 25 mA -g ') 79.0 3522:“1;3 ;“yile'sg)_l [36]

Kelp 334(at 25 mA -g ") 64.0 203‘;(6? 320%0:;1363_1 96(at 1000 mA +g") [37]

Rape pollen 150(at 100 mA -g™) 13&:‘1388 :;ilésg)_l 50(at 1000 mA -g™') [38]
Pomelo peels 315(at 50 mA &) 27.0 181 at 200 mA g 71(at 5000 mA -g)  [46]

after 220 cycles)

Note: * is specific discharge capacity, and the rest is specific charge capacity.
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Fig.4 SEM image (a) and cycling performance at 28 mA -g™'(b) of fiber-shaped chitin carbonized at 700 °C for 2 h ( NCF-700) 4] SEM image

C and cycling periormance [0 actert cellulose dissociate pro ucts H 1mage e and rate periormance 0]
(c) and cycli of (d) of bacterial cellulose dissociated products ( CNFF) ) SEM i (e) and of (f) of

skimmed cotton-derived hard carbon materials after acidification and carbonization ( HC-HC1) '*'; SEM image (g) and rate performance (h)

of bamboo-derived hard carbon materials ( S-BC-1) (0]
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193 #1165 mAh - g™', Tian 2 BAF AT LR F, 78 KOH
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Fig. 5 SEM image of hierarchically porous N-doped carbon microspheres (NCS) (a)'?”); SEM image (b) and eycling performance at 1000 mA - g~
(¢) of N/O co-doped carbon hollow multihole bowls ( CHMBs) 51, SEM image (d) and cycling performance at 1000 mA =g~ (e) of N/O

co-doped hierarchically porous carbon materials (NOPC) [52] ; SEM image (f), rate performance (g) and cycling performance (h) of hollow
cage-liked porous carbon (CPC-850) from carbonizing at 850 °C for 3 ht%3
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T, SRR AR IEARRE T (F Se) .

T A It A L S — i AT R A 0 )2 IR G R A

AR TR = e WEBRIE Z2 FLARE ), A 30 L B 285 4 2 At
TEEWAMRZSE, LIS b5 ich o 7 v i AR ARk,
JFREAENE TR, T AEY TR A B AR
S5K, XIS R 1) K SR T B — 2P R R R 5T

Yang IR Z AL T —FEA 2 DI IRE
SERRLE M RRRAT R (CPC-850) , 4Rl 5f firs, JEsdid T
HIARTE 850 C T kAL 3 h 145/, CPC-850 7E 50 mA - ¢~ [
HZEE T, fE2F 50 BS B/R i 407 mAh - g™ 9 Al
P45 i, 7€ 200 mA -7 WRLIRAEE T, 3 100 B )5 H
A LA R 164 mAh - g7 [HAAEERJE, CPC-850
R R AT RERE (& Sg) , M0 100,
200, 500 11000 mA - ™' B, fEEF 10 B 5=l b5 &
S350 239, 202, 164 A1 133 mAh -g™' o R 7E = R Vi 2%
FETFALRI RAF (96 SRR E M, #E 1000 mA - g 11
LI % B N 6 35 700 [l J5 CPC-850 WY AL Eb 25 it 0
125 mAh - ¢ ' (&l 5h) . 3 2 R BRI Yy s A RHE R PIB
Tl AR B AR PR RE T

K2 EWRBRTFEMEAE TR ( potassium ion battery, PIB) AR R Eﬁﬂﬁé'ﬁﬁ?[n' 471-53]

Table 2 Electrochemical performance of biomass carbon materials as anode materials of PIB!

27, 47-53]

Initial specific capacity

Capacity retention Best rate performance

Anode materials b o) ICE/% omAh ) b -y Ref.
Fiber-shaped chitin 240(at 28 mA +g ') 37.8 2:;;&[233 :;ilég] 103(at 560 mA - g™') [47]
Bacterial cellulose 240(at 50 mA -g™) lsiéztéggiéiiéfil 122(at 5000 mA -g™") [48]
Skimmed cotton 253(at 40 mA-g”')  73.0 zt;iiaigfgiﬁ;;fil 165(at 4000 mA -g ") [49]
Bamboo charcoal 339(at 50 mA -g ') 20;1(;‘3%%00‘;‘365] 124(at 1000 mA -g™") [50]
Sphere-shaped chitin ~ 250(at 34 mA -g™')  ~88.0 18?[(‘4383 ?Alg) 154(at 20 000 mA -g')  [27]

Sugarcane 463(at 100 mA -g™')  60.0 3%jiizé3?;;j;;§il 182(at 2000 mA -g™") [51]
Cyanobacteria 352(at SO mA -g ') 38.7 2322;338 :;;éf;] 155(at 1000 mA -g™") [52]
Ganoderma lucidum spore  824* (at S0 mA -g™')  77.3 125" (at 1000 mA -g™ 133* (at 1000 mA -¢™") (53]

after 700 cycles)

Note; * is specific discharge capacity, and the rest is specific charge capacity.

4 % iE

T AW O R AT RO 25 A R, 22 A 1 AT
At 4 BEE 22 Bl o R O T T B8R S T
(SIB/PIB) bl b RE BT 5, 552 46 ik W K ik 2 W) i 6 R
AEHIE G A RE BB, X O SO b Y B S A

SIB/PIB H B FHAT H T — A7 B S S 4ok, A S B &5
A9y T HA N [ 458 Fn RE 19 A 4 508k A R A
SIB/PIB Skl A} F 1) 5B 1 Je . A B85 3 AR SO i
PR, BERSHS B IT N 5L TR MR g ] 8 45 O Ak
YA RE A SIB/PIB Tt b1 kLB B A2 v fE, M
VR S P RE SIB/PIB T A4 R It 8 22 i B} 224K
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ERWMARTTEAR . B g maE X 2 2806 i
ARFNVE A BRI, AR Tl 3 A 0 JoT B b Rk AR AT 8K A
PR

(2) AN [R) A 100 T 0 ) ) e O 235 ) R 3 THT Ak 2 A i e
BT HARE AL 2= PERE, TR B AR X 26 B 2 X FL il i
ke AL 2= PR RE Y 52 e AR P AL R R LAY

(3) IR R s A A= ) R b4 BHAE SIB/PIB 5
Bl FH A G ) 2 — ATl MR ZS A T R
BB | H AR A 55y 2R S A 4G AR AR

(4) B b BT B2 FL I = e 8508 B T 28 vh
PORMARVS (L N6 B/ 9 BUR AR, R A S
IR A A W SRR A R 8 R A s AR R A, B
I R AT S S bl 25 77 AR R LES ), SR AR
TR AR BE AR, X 3 A F i () RE A7 AT R 7= AR
giinAR

(5) PIB SRR A LA SR A 5 W4 H T 42 i A= ) B e
BTG MK R e L,
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