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Abstract: Spherical porous carbon nanomaterials is a promising candidate as anode materials for next-generation
LIBs due to its large specific surface area which decreases the lithium ion transport distance. Spherical porous car-
bon nanomaterials with uniform morphology were prepared by arc-discharging followed by chemical activation us-
ing coal as precursor. The as-prepared spherical porous carbon samples were characterized by X-ray diffraction
(XRD), scanning electron microscope (SEM), Raman spectrope (Raman), the nitrogen adsorption-desorption, gal-
vanostatic charge and discharge method and so on. The result indicated that the spherical porous carbon materials have
high specific capacity of 1188.9 mAh/g, which exceeds the commercial mesophase carbon spheres (372 mAh/g).
Moreover, the spherical porous carbon nanomaterials also afford excellent cyclic stability and a reversible capacity of
844.9 mAh/gremains ever after 200 charge/discharge cycles at current density of 100 mA/g. The excellent electro-
chemical performance of coal based spherical porous carbon may be originated from the graded pore structure, which
can provide more storage space for lithium ion, thus improving the capacity and cycle stability of the electrode.
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1.1 EFZEFEHFRF

e, BT B A AR (R ) O 4 T B T A
B L SCHRT, AR IR, SRR, A SAARBN, LK,
2w 3 M5 (PVDF), N-HEEIE M L /i (CsHoNO), 3
Horal. maliel )y, AR LB-302, 2.
1.2 BREKEERAEH &

W 2o 2R R e SR R AL BRI R (B AR
<150 pm)5 AR 4% — e L 41 (0.65:0.35) I A4 &)
S, A% HL DA e HLAE 15~20 MPa [ 3 R R 76
JREARZI ) 10 mm FREHE o K i Bl 28 1 s

TEXPWN, /£ Ny 5L 5°C/min =R T2
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TEH 180 min, H ARV EI G 15 2R AL R #5 . 8
AR TR ISR AR, BURA S RS R A
FHAk, CAELARN 8 mm [FA47 e A Ik, 7E2<k
J124 50 kPa. RN 30~40 V. HLUA 90~100 A [F)
ZAF TR0 10 min, WCHE SOV 2 TR R 0B AR R A
MEILBRE ik, FRid A CSCo
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P R IE T A, 7R Ny AUSUR 900°C
AEFE 2 ho I 3 mol/L f¥) HCI FZEIBACE 5 AL P~ M vk
g, PR HORCE AR T 80°C TR 12 h,
13 2 L FEBRE A 53 AR id i CSPC-1. CSPC-2.
CSPC-3. CSPC-4.
1.3 FHIRIRIE

FIFH 3% & S 145 B (FESEM, Hitachi S-4800)
3% Sf HLBE(TEM, Hitachi H-600)% 774 (1 JE S 3EAT
FALE . 1F X B AT (XRD, Bruker D8)_L il & £
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20 FEFHNEE 10°~80°; K HIHOL B R f
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UL A SRR, WOROEB KR 532 nm. R
25 H Micromeritics ASAP 2020 N W it fi A it
FF b 16 EE 2 TR AFLAE 93 A o /5 Land 2001A #5 FL 0
TR R 1 7 JBCH T B o 75 CHI600D HL Ak %
TAES AT AR 2K, U E ] 0~3 v, 13
J5 0.1 mV/s. 7F Zahner Elektrik HLAV 2% T /Euh 384T
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TN ITARUNE (RS C ¥ A 1 AT S - Py = S e ey
A KT8 TR I o AN R 4 R 3R 1531 CSPC-n
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FEAZSG, BB CSC &3Efb)a, Wik )2 S A 7
FEFEAG. BlAE KOH ¥ 3K, CSPC-n 14
TIEAT S 06 (1 47 B8 R R AR AR AR, U5 IR FH AN ()R 52 1
TEAFE AN A CSPC (45 . MK 1 B LR
L (002) T AT 5 06 I AE X 5 JE BE KOH 3% S5 11 1



%59 1

R, A BUEEOE 2 SUI R i O AR P REDT ST

911

Intensity / (a.u.)

g M e g

(b) D-Peak G-peak

_ N CSPC-4
= A _CSPC3
) CSPC-2
E A SN _CSPC-L

10 20 30 40 50
20/(°)
1
Fig. 1

KMuykds, T KOH X JEFEER LA KL % bl FE
JEXEIN, BUE CSPC-n 147 S50 FE B2 B BRI - A
PR T FEVESL CSPC-n 111(002) &4 11 JZ 8] 5 43 591
0.3497. 0.3453. 0.3447. 0.3448 nm, %) KT 45#)5¢
& 10 A7 B8 A4 1) 2 1) #E.(0.3354 nm), W] CSPC-n
(AT AT BRI

AR E KOH 354k fIT 44 CSPC-n [f] Raman Y it
WE 1(b)Fis, Bl 1345 cm™' IR IE (FR Ay
D ) F L f ARk B 5 R IR, 6 T8 7 A
JEA C-CB 5 PR BT, PeHh 1580 em™!
IR (FR R G i), N1 55 By IRENES, B
TUEATRRIEN sp” AU TIRSIBICE K. G IR
D U RIAHN 5 5 LU AR (/ Tn) 5 FH ARG IR BR AL L 5 44
TR B RE, Io/In (HBOK, R BRARI R TH 1B
HDW i 1 nan, B KOH ¥k sk,
CSPC 1] Ig/Ip [HH R Hy: 1.07(CSPC-1), 1.05(CSPC-2),

300 nm

500 nm

500 nm

| | | 1 | | 1
800 1000 1200 1400 1600 1800 2000 2200
Raman shift / cm™

CSC I CSPC-n [fi(a)XRD &1, (b)Raman K3
XRD patterns (a) and Raman spectra (b) of CSC and CSPC-n

1.02(CSPC-3)#10.99(CSPC-4), W]k KOH ¥k & 1)
B4R, CSPC I 7 BEZHTFRAIC, 3 1 R R B i i 22,
AR AR, 1X 5 XRD T8 R —3.

tH CSC 1) FESEM M J7 (¥ 2(a))nJ LA i, CSC
N ERTERORL, AR A AN A), ok 2 (a4 B 2 A1
RIMGIHAAAE— LT TES B RURL; ] 2(b)~(e)
HANIEA S KOH G4 J5 43 CSPC-n 1¥) FESEM
Jr, BEAG KOH ¥k 2386 K, T8I TE 35 5 R I
) BRI URL RSE 3 AT ¥ 5] BE 38, RO 2 [a] 1) [
RAHITEGE, PARAAAERNEILS; > KOH & FE 1Y
KF) 7 mol/L (K 2(e)), ERIE Bk 2 8] ¥k & A 1
B, X T KOH IR LR K, BRIESE#
R I B 2P R ) B BR S5 A I B o B L CSPC-3
(1) TEM JESWE 2(0)r7~, MET AT LLE H= )
BIRIE, Rifek 70~100 nm, BRIEEUR 2 1847 4128,
X 5 FESEM 4 #4512

K2 (a)CSC,(b)CSPC-1,(c)CSPC-2, (d)CSPC -3 Fl(e)CSPC-4 f] FESEM & i LL J2 (f)CSPC-3 ) TEM J#& ;5
Fig. 2 FESEM images of (a) CSC, (b) CSPC-1, (c) CSPC-2, (d) CSPC-3, and (e) CSPC-4, and the TEM image of CSPC-3 (f)
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Table 1 The pore structure parameters of CSC

(R AT ™ 7 o ks it e b T B 3 2k, i
H 2R S R R 2 Y, U0 SEL T B B A7
T H UG R . CSC Il CSPC-n 1) B YRS
TIRFE S LG R R IR AR RCR B ) TR
2 i, I 2 Bl 4, CSPC-3 F B IR 78 i 2

CSPC-n [IfEFARTEREGIE 5 Frox, w40,
CSPC-n {EHT 20 Pl 2 5 AH AN R FERE IO 20k, X n]

BEA 0 b AR AR A B AR 4L BT 3 B, (RAER

and CSPC-n
Sample 0L Ul V%
CSC 117.17 0.35 0.01 3.48
CSPC-1 442 .81 0.40 0.07 17.44 W o T A A R
CSPC-2  464.18 0.44 0.08 18.05
CSPC-3 534.83 0.37 0.12 31.83
CSPC-4 810.42 1.33 0.31 23.30

2.2 CSC 5 CSPC wyH ik RE

K 4 Z7E 100 mA/g MR E R CSC Al
CSPC-n I AN ik s s th Ze, MBI a] A
F th, CSC 1 CSPC-n AEAIG HL . X [A] #SA-AE — AW i
(P RHEE, X5 SCERIRIE B AR A L BRET4E S e e B
WA RO 22T CSC 5 CSPC-n (AT
T ZR AL, AN A A R IR A L, S
R AT BRI IRAR, X HE M2k 1-0.9~0.7 V [H]
5 BT XN 1) SEI(solid electrolyte interface)fli

JR TSR R B R R BB R . TR

CSPC-3 M &l 1188.9 mAh/g TEHLE 5 20 P& (1)

398.4 mAh/g, {HLER G K FE 78 fE rh
BT ¥R, 200 B 7 A A IR ) 844.9 mAh/g, I
FEAR R A AR AE RO 20 P8 5 PRFFAE 98.5% LA F. T
Ha, Ll 2 i A 78 R B B i S R T R B
GAE AR KA R bt B2, X
T MM B R G 2 FL4 M, BEAG 16 PR 3,
HAL AV 5 B A R A 21 70 2 TR A, 30 T S T L A
(AL, s T RLES T IAE M AT, JEoR RS 1)
AR L 2 23 ), sk T 2 &,

3.0 S A — CSC 3.0F(b) = S~ —Iose
r ok - — CSPC-1 - X e - = CSPC-1
- Pl CSPC-2 25k v, - CSPC-2
I o Ehesae —-~ CSPC-3 T —-— CSPC-3
Lo o el i —--- CSPC-4 ) ot i ---- CSPC-4
¥ s2rd [1
S b . , Charge
P 15 §'d 915t
s LW !
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Fig.

Specific capacity / (mAh-g™")

¥l 4 CSC K CSPC-n I8 ¥R (a)Fl 5 — ¥k (b) 7 15 i 2k

& 2 CSPC-n BIRAIFER R ERE

Specific capacity / (mAh-g)

Table 2 Charge/discharge capacity and the efficiency of the CSPC-n electrodes

=]

A

4

3

&y =,
e A&

il

4 Charge/discharge curves in the first cycle (a) and (b) the second cycle of CSC and CSPC-n electrodes

First First First Second Second Second The 20th The 20th
specific specific coulombic specific specific coulombic specific specific
Sample discharge charge efficiency/% discharge charge efficiency/%  discharge charge
capacity capacity capacity capacity capacity capacity
/(mAh-g™")  /(mAh-g™) /(mAh-g™")  /(mAh-g™) /(mAh-g™)  /(mAh-g™)
CsC 426.4 174.0 40.8 193.9 158.4 81.7 151.2 175.5
CSPC-1 817.8 355.9 43.5 361.1 322.3 89.2 306.7 576.0
CSPC-2 802.4 348.9 43.5 350.4 313.6 89.5 307.7 587.7
CSPC-3 1188.9 497.5 41.8 535.2 471.6 88.1 398.4 844.9
CSPC-4 600.2 244.1 40.7 240.4 215.6 89.7 194.0 327.1
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FET CSPC-3 L ik 2R RE, BT 3L
HLAL AT AT T IR N IIEST . CSPC-3 [ CV il
WA 6(a)rar, T Rl AE A th 45 1) 48 Ak 06 i A7 LE ik
Ji Ve v AR B S ), U B LA AR SR R e A
AL, 3RO AR BRI . 7 R T
o, AR 0.7 VT I T AN BRI, X6 T SET B
(T8 Rt A2, 551 O 70 T80 2 1 R 4 A X
NV TTAE 0.01 VBT 34 Sl Ao, 6 T4 251k
NSRRI, 8 PRI, T 07 v
BRI (R34 B e 2, U6 1 I AR I A SEL i
T T, ASTT 5 ZEFE SR B8 1 R AR, X 51
WA BRI MRS RAHTT G . AL 6(a)tdi & my LA
B, 78 0.17 VBT B TR B e B2 N R H
N AR AU, B A A B R ) 388, 06 iR R0 T
FUA BT, A vl s b, IR AR MR
CSPC-3 HIAZ Wi BHAFT IR (EIS) WK 6(b)FT~, HiH
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(1 B 9 AR E /N F CSC Hbl, ZRIAe HAT HAF
S R /IN PRI AL ) B Ak A0 B T8 A i) P 2 i LB,
AT DAAT RN DA 28 17 1 N 5 0 L e e v e e 13T
o ARATIX () BT i 2 bk, K # CSPC-3
PR 5 LR O 2 T A e A7 i o 2,

CSPC-3 HIMR [ AL PERE L S T R A2 T (1)
AL S BR 0 () L R T B Ao, #4670
) B39 0 T 65 KL S
HILAR VR B AR, 39K T BRA RN R 265 () T
AL A BB T, SR AR BB R T KR RAL
FAAL, N TG AE 0t T 2 a5 ml, K
PR TR A LA

3 #ig

DTSR 25 B SOk, R FH s s ARl &
THIEERTERATRL, JER AR KOH #H6T
ERTE WA RIEAT I A . MRES RR W, B KOH #F
WOREE MR, RS A S RE R T AR, LhRIH
B 117.17 m*/g(CSC)HE N %] 810.42 m*/g(CSPC-4).
BeAb, T8 KOH K FE IR n] SR i 26 TR FLBR 45
FATR T Af FH H R IR 2 (4~6 mol/L)I¥) KOH ¥ ]
1F BN HAAL AL RILII 5 AL S5 B EK;
FE R KOH #HR (7 mol/L), F&h 3% I A AL
A I, MAFLIRIEIE . 27 M AR R 1,
FE I A 27 P R I A it A LU R TR P 388 i 38 K,
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Fig. 6 (a) Cyclic voltammetry curves of CSPC-3 electrodes (insert showing the detail with enlarged scale) and (b) Nyquist plots for
CSPC-n electrodes
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