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Synthesis and sodium ion storage properties of cation exchange resin based
mesoporous graphitic carbon
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Abstract: Using cheap cation exchange resin as the carbon source, iron ions are introduced based on the ion
exchange strategy to regulate the graphitized carbon structure during the pyrolysis process of the cation exchange
resin. And further acid etched the elemental iron and iron carbide in the pyrolysis product to prepare a mesoporous
graphitized carbon for use as anode material for sodium—ion batteries. The cation exchange resin based graphitic
carbon shows larger intergraphene spacing, lower defects and mesoporous tunnels constructed by few graphite layers
compared with the hard carbon by direct pyrolysis of resin, which could significantly improve the capacity and cycling
stability and carbon anode material at high rates. When applied to anode material in sodium ion battery, this material
exhibits excellent rate performance and cycling stability at high rates, showing a specific capacity of 100 mA <h-g™ at
a high current density of 30 A+¢”, and a specific capacity of 192 mA-h-g™ at a current density of 0.5 A-g" after 1000

cycles.
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1.1 KGRt

D113 55 1 %1 FH 2 5~ 52 # 4 ig R B 2% 4 4 Ak
T, KA (297.0%, i) , £h12 (36%~38%,
) o F2E JEURHAGR 24 S S A 4
1.2 &

BH B3 T 22 W i ToUA 3L « b5 A 2 R T S BR
NETh S A B —Le g it B — 20, O I i 0 i A A
ACBATE I , B2 2 4% T4 b AR R AR R 0,
JIE BT H AR 18 h, SR 5 I KR UE =y 5 2 —
A, BE I B 4% NaOH ¥, 24 2 4% T Ak 2 AR
RER R B, H B B T L rh 23 4 h, SR 05 T
IKIERE PV e, IO 5% Fhme , P 245 Tk
Ak FEAY B R B AV, 5 AR IR 16 6 h, AKX 5 FTIE K
B RIS 2 HAL S BB IE (R).

Fic i 30 m1,0.5 mol - ™! FeCL ¥, H4 4 ¢ 253 i
AbFEAYBNR(RBLA W P 6 h, SRS uE AR R , £
B R T BT S 15 B FTA(RE), BI2E RO
(1) o KR AE Ry EE A (5% 20
ST LL3°C o min™ (AR THE 2 700°C, AL B2 b,
T C A SRS BT BRI 30 min, 75338 HCF-700, HI
ABRQ. HIFGERRZ] i HCF-700 #1BH 12 h, SR )5
W, T A3 HCH-700, RIZPERB),

1 UL BRS RO i BRI A S b [ RETE
SEVH T L3 min” B9 SR TR E 700°C, #4
A3 2 b, ff A AR RIS O 3RS 30 min, 15 21X
AR SR HC-700.

1.3 #RIRAE

i 1 SU8020 ¥4 73 4141 HL 1 T 3 B (cold—field
emission scanning electron microscope, FESEM)#/ JEM—-
1400flash % G #7734 5% (transmission electron
microscope, TEM) K A4 RE Y 3 B S, fF
ESCALAB 250Xi X §F £k Ot 1 1 BE ¥ 1 (X-ray
photoelectron spectroscopy, XPS), PANalytical X—Pert
PRO MPD X 5 £k 117 5 ¥ (X-ray diffraction, XRD).,
LabRAM HR Evolution 2 13 3t £ 3 ' 47 & St 1% X
(Raman spectrometer) %] 4 ity (14 16 27 2H 8 M M) AH 4544
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Fig.1 Schematic illustration of preparation of mesoporous graphitic carbon

PEAT A3 HT L SR FH W=BK100C 20 W8 RS A3 #r L 2
T AR LA A 2R L RS & 55 B T I R S IE X
(inductively coupled plasma—mass spectrometry, ICP-
MS)IAKE A TC R & o
1.4 FEMARSBEALFEREII

i 2 A . 2 ¥ (polyvinylidene fluoride, PVDF),
SR RN 6:2: 2 WY BT LLIR B 3 &) 7E
A G 5 N— 3 ik B A58 B (V-methylpyrrolidone,
NMP)IR G UL o B R &) 3 TR B AR U 5 AR T
ELFE80°CTH T HR 6 b5, AT B ELAR 12 mm B LA
Fro LAEAR 16 mm 194 J& 8 R 1 X it , s &7
HEE (Whatman, GF/F)FE R, 1T mol - L7 2 — 1 —
I (DME)73 % T° NaPF A HIU R, 75 780 U 5
BRI A N R M, IR E 12 hE AT

F, Yt 7 T J 7 S A b R AT O A e
R I, b B R 7 H 2 0.01~3 V., 7E CHIT60E H
A2 AR il 0 3 A 2 BELTC (B IS) RN B AR 42 il ¢
(eyclic voltammetry, CV), 3 EIS f4) B H A FF % H,
H 351 250 B R 10 mHz~10 kHz; M CV 1 B R
F12470.01~3.0 V, S HE B H 0.1~1.0 mV +s7'

2 EBREREL

2.1 HEREHRLE

T oMb ) 3K ) H 5 A2 AR i 22 T Ak B A %
Bk B T B 35 0 BH B8 122 4 g, R R34 4951
R B FFE R i PR fire ook A% b i ik A S5 AR VE
PR R A T W ) A SR AR S A . T
SEM F& R[] 2 (a) 0] LA 3, Ak B 5 0 FHES 758
A4 B R ELA AR/ B TORE ZH 1 FLOE 454, 28
IR B A 5 1 BB -SSR RF RS R A=
B AR LR 2(b) 1. EDS T $1 4 19 45 R [ K 2 (e) |

(d)]FH & AL RIE R PR S 8ot R, i
263 B F 38 (I G R e U A7 AE — 22 s 40 A 1
SIMERTTER , FRER B R i i B - 2e i AR
B AT i s TR sc it il At 1ICP N 1B+
ST I FeCL VA W VR FETE 2 (e)], T AT 151 AR
RF H1 5| A Fe™ & & o 0.87 mmol-g™'. It4h, K H
TCP K& 1200 5dt HCF—-700 RV P i Fe i B, 1]
545 2 HCH-700 Hh 2 1 4 1Y) Fe™* 24 0.6 mmol-g ™,
2B PH B 72 e g g LA kS - R 4 T 42
T AR R 221 ok S [T 30 Y e, T DS B
PR AR T, B AR A A R 2647 40 Ak 3
45| HCF-700 Ff & , XRD &5 5 32 B 2855 b B 5 2k
B 7E HCF-700 H %6 75 Sk B 5 4 A e Ak 2k [ 141 2
(D)1, X2 B T3 B P A 0 ek 2k 25 ik 2l
JE BB, F 4 BT R I e A e Ak

J T R T B B AT B BT A 4 i 3
T b RL I S50 285 40 46 () 52 ), 7 2 R 3 Pl J ol
BE X b T T 1 B KT IR 7 T A B 5 T
[ 3(a)~(c)]. M SEM HE R R al LA £, WA B 4%
A 7 ) HC=700 K 2% 155 R 6 1 R o0k, X
ST A AT TSR, A 2] B 8 ) FLBRZE 4 . 51
AR B F I BH B 28 40 i 19 ik Ak ™ ) HCF=700
(TS0 &2 T B S R AR Ak, AT DLZE R4 1 J AR 7 /N
UL HE AR EE 4, /INORL 22 [ ICFL A L 26 Bk 7
(45 | N BH S - 38 8 4 iR 1) 2R 2o A v 2 % L
NI 55 7= A 35 5 . 7F HCF-700 283 iR 21 1ok
J& BT AR A HCH=700 I [R)RE 0] DLW 31 284 14 5
7 e B FLAE 454, 3k SE AL TE (1) 7 B3 7 R T HL g vt
AR NS R AR T LA B R b 1 3 A UK 4
AT, 45 06 S A% 0 s A2, DT AT LA AR A5 5 4
FAEHPERE™
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Fig.2 SEM images of different samples [(a), (b)]; EDS mapping

results of different samples [(c), (d)]; histogram of Fe content in
ion—exchanged resin and acid—etched resin by thermal

treatment (e);XRD patterns of the sample HCF-700 (f)

MTEM FE F (& 3(d) . (e) ]I L& IR, HC-700 K
HiL TR F TG B 45 4, Bk )2 (8] BB R 0.348 nm., HCH-
700 A B S 1 SRR R S A AR AR, B2 A A

0.373 nm. A Lt W R 19 B 42 346 7~ # HC-700,
HCH-700 Ay 62 MR AT T B A 35, 30 R T4
B AR AT ARG S X T 52 = B b B8 Bk
B A EEAEH . [, )2 A S5 ik K
LA ) 5 R UKL % 20 0k, T T A FLALIE . X
FLA /INEURLE R FLAE 2548 1 A LA S5k v] T2 s
R AR 30 PN S A 3 2 B AR nd 1, A R TR
BTt B i 3h 1 2% NI R R AF i A%
FERPER . HCH=700 i TEM B8 F iR A7 8k o] LI ¢ 3]
T Ak TR [ 4 16 1] 0198 nm, %F W AL 2k A (211)
T ST AEAENIE] 3(0)], 3302 B Ry 2 i (R e A kL
Btk )2 S8 b B FE IR 20 Pk o 2 b LA 58 4 B
EDS [A1 47148 A 25 J R IE S T R AL BRAT I #i =4
HRk S AR 3(g) (b)), Gt FR Z i s ot &R
f) 2t 2.68% FEAK 31 0.06% , BV KB /340 7T LA Bk %)
Pl , HCH-700 2 AEE /D ot & .

H T 2D R AR S AR S5 R X LG T HC -
700 5 HCH-700 (1) X 5 A i AE AR 4 (a)]. HC—
700 7 HLAY () TCAE TR BATT ST AR | TP 125 SC 45y
e TS IR B8 1 I LA 2 i ™ ) HCH-700 £ 26°
oA 0 BT S A ) A S e, X6 I A AR Y (002) iy
AT, 3 & BAR 0 51 AT DAAT R 32 25 430 B S A4 )
H A ARALFRRE . A HCH=700 (19 XRD % & bt BE
L5 381 S B8 X8 oy Al A A P A3 B D, B BB ) AT S 0
fRE5, 3% 5 TEM F1 EDS (945 5 —5, X HRR Z i i
Je B a9 XPS 3% &[] 4 (b) 1] DL & 1, HCF-700 7
700~730 eV [ A7 1E BIAS/INRIE 6 R T Fe 2p I, 1T
HCH=700 M A WL 22 2 B 11 Fe 2p W, 1 — 2 E 5K
LR % FF HCH=700 A 2k & =R A .

T ik — 25 e & 4 B X HCH-700 5 HC-
700, X5 HE S AR EOE AT IR RIS TR L /L
X —FE AT DA o s WA R A A S5 AR R
O 4(c)l. PG5 515 HCH-700 1 1,/
1.=0.932, B L {i% T HC-700 f4 1.227, WF 52 T HCH-
700 LA iR 1 A5 AR R RD B AR A B L XA R
T3l A A e R R AN T A R AR
T Ak 70 0 H A R P A A PR R s PR, it —
AR XPSA/EHIE T HCH-700 AH H HC-700 H1 sp*/sp’
R AR AR 4 (d) T, XS RE S Y C 1s WEEAT 43 1
Ab PR, ] U JE X R T sp® B (284.3 eV) | sp’ Bk
(284.8 eV) .C—O##(286.2 V) FIl C—0 #(290.2 eV)
1) 4 ARG . 223155 nT 45 H HCH=700 [ sp*/sp*{H.
1 4.46, B B 5 T HC-700 1Y 0.84 , Ff— YK EE T FH
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Fig.3 SEM images [(a)-(c)], TEM images [(d)=(f)] and EDS mapping [(g),(h)] of different samples

BT A IR g | AR S TS AT LR 5 B
HCH-700 H 7 28k i

P 4(e ) (6) 1) 4 3R 565 £ AL o0 A i £ 3R 1
16 BH B T3S b i b 5 | A BRI 10 A7 2 ok
Py B B9 A AL . HCH=700 B 47 B % B it £
AE L2 21 B 0 %) i I 20 , 3 B0 B S8 R A FLARRAE
2o A A AT 3K 136 mP-gs X H HC=700 %
L, HC-700 B AR M B S AR /0N, %o 7 /) L 3% 1T AR
LR 15 mPg s A AE & B FL 20 A7 il 28 iE 52
HCH-700 WfLZA T W& A3 hn, mi B AL A h
Aflo X EA-FL AT I PR Z) il HCF-700 () 5
Jo Bk A Ak Ak 0 b I P B A FLAE L 55 TEM 25 51
WA o X2 /D 2 B AR 248 B i A FLALIE
R BN B PR A i B A AR T ORBRE . AR
I B 5 1 28 B A T 10 e, ZE IR RS LA A 3
SR T I IR o R R b A AR ARV
R T AR B P B AN AR AR AR . I
% 20 1k T B 2 B 2 e s ] LA B R Bk
W2 RN FLaE I . FE TS A LA
B Al 2 L B B 2 (R, R LR AN 1Y)
POH A At AR A R SR
2.2 ELFMERE

H AR A LA SR Ak B T80 5 Fi Tt 67 AR b
b VAT T A G H A2 PR RE I L

58, A H A E MR ZE (CV) I ] 5(a).

(b)], B B AR E R 0.1 mV-s™, MR R 0 R
0.01~3.0 V (us Na/Na"), M Hp L 5], 76 8 MG 3R
i, HCH-700 F1 HC-700 [ CV Hh & 43517 0.26 V Al
0.40 V 7247 H B4 J 04 | Xof 1o [ 4 Ff £ ot 2L 1fif (SET)
8 1 1, 5 R TP AR T 335 0 i O o VG TE B
Je BRI 2 R BB BT AR E 1Y SELRE™, IF:
H HC-700 Fl HC-700 —35 1y CV T4 ¥7E 0.1 V A2
A A oA AR A G 3 UE DR e fE R AR o AR v
Na P AR R . B UAIERE CV i Zen] & i
B, R HES —RIEH R A BRI
LAk 2 T i

% 2V R 2 DT F AR A R R Ak 1 g Y
FehR, E 5Ce) iz, v LLF £ HCH-700 7848 K H
UL By b7 = W] s T HC=700, 76 1.5.10,
20,30 A-g ' AU HL L T HCH=700 Y i HL FE 25
43904 167,140,125, 111,100 mA +h-g™, B i & F
HC—-700 75 AH [F] H 3 %5 B2 T 1) 25 5 (163.103.61
33.25mA-h-g"). ILAM, HHHEMKE 0.1 A-g”
iF, HCH=700 A4 7 33 75 52t JLF- ] DAY 52 31 90) 4 75 o
(A5 265 1) i 100% , T HC=700 /K &2 5] 22 Rif
) 97% , 1% 3 W HCH-700 7£ 80 B 1 il i A/ 2
73 AR ELA R AR P A AT

IS XS L T AS [ A Ak A8 A PR R R S (D]
A DL B, 3k S e i 52 T — 2 Bl 1 Al A7 a5
i 15 HC-700 7 /1 50 P&l 25 i HA B e 4R,
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Fig.4 XRD patterns (a), XPS survey spectra (b), Raman spectra (c), C 1s XPS spectra (d), N, adsorption/desorption isotherms (e)

and pore size distribution (f) of different samples
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Fig.5 CV curves for the first 3 cycles of HCH-700 (a) and HC=700 (b); rate performance of different samples at current densities of

0.1—30 A - g (c); long—term stability test of different samples at 0.5 A+g™' (d); long—term stability test of HCH-700 at 10 and 20 A g™’

(e); comparison of rate performance of HCH-700 with materials in different references (f); EIS spectra of HCH-700 (g) and HC-700 (h)

under different cycle numbers
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