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Purification of Spherical Graphite by Alkali-Acid Method
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(1.School of Resources and Environmental Engineering, Wuhan University of Technology, Wuhan 430070, Hubei,
China; 2.Hubei Key Laboratory of Mineral Resources Processing and Environment, Wuhan 430070, Hubei, China)

Abstract: To address the issues of low purity and high consumption of alkali and acid during chemical purification of
graphite , Luobei spherical graphite was taken to explore the occurrence state of impurities therein and to perform tests on
its purification by alkali-acid method. A novel alkali-acid method was developed, which consists of stirring with alkali
under negative-positive pressure and pressure acid leaching. This purification process is conducted in the following steps
with the optimized conditions; firstly leave graphite in a vacuum for 35 min with vacuum degree of —0.15 MPa, and then
stir for 40 min under pressure of 0.19 MPa at 120 °C by adding NaOH at a concentration of 40% , with NaOH solution
and spherical graphite in a liquid-to-solid ratio of 1.0 ml./g; after 120 min roasting at 550 °C , acid leaching with HCI at
a concentration of 2.5 mol/L is performed under pressure of 0.16 MPa at 118 °C for 90 min, with HCI solution and
graphite in a liquid-to-solid ratio of 1.0 ml./g. As a result, the fixed carbon content in the purified graphite is up from
95.35% to 99.96%.
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Table 1  Chemical composition of raw materials %
Si0, ALO, Fe,0, K,0 €l CaO TGC 1O
1.46 0.74 0.63 0.1657 0.009 0.032 95.35 96.95

H2 1 Al BB A S e ik (TGC) &5k 95.35%),
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Fig.1 XRD pattern of spherical graphite
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Fig.2 Particle size distribution of spherical graphite
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Fig.3 SEM images of spherical graphite
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Fig.4 Process flow diagram of traditional alkali-acid method
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Fig.5 Process flow diagram of optimized alkali-acid method
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Fig.6 SEM images of spherical graphite
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Fig.7 FIB-SEM images of spherical graphite
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Fig.8 EDS spectra of spherical graphite
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Table 2 EDS analysis results of cross-section of graphite %

C Si Fe Al (0] Ca
95.40 1.29 0.87 0.47 1.83 0.17
Rz3 FUTWAEEDS MXER(REHH)
Table 3  EDS analysis results of suspected
mineralization positions %
C Si Fe Al 0 Ca
83.66 4.55 2.63 2.00 6.69 0.47

1, F A5 A SR R LG R R I R RS ol E X
A1 82 [ E B & B BRI AR 4~6 Frs, ik 4~6 1]
W B AN S A0 SRR L B (R RR B I
Py fRal) i EE S R ETHE . LA FIE,

WL RIS A AN 5 A & E
1.0 K5 BERTE] 120 min G5 He i BE 550 °C , Bbi #2405
BRIY A7 25 [ 5 i & ik 3] 98.31%

x4 SEUMNSHERELNEEHRS BN
Table 4  Effect of mass ratio of sodium hydroxide to graphite

on fixed carbon content

[EMMSABFEL  FEmRS R/ % w/i
0.2 96.85
0.4 97.55
0.6 97.85 JBEmt ] 90 min,
0.8 98.07 REGEIRIE 450 °C
1.0 98.18
1.2 98.20

RS UTREIR 45 E 18] 3 B RE R S BRI
Table 5 Effect of roasting time of normal alkaline roasting

on fixed carbon content

S5 et ]/ min i R Bk 2 it/ % /I
30 97.45
60 97.90
90 98.15 KEBERIE 450 °C
AR S
120 98.26 EEL 1.0
150 98.26
180 98.28

RO H RSB R SRR FE X B E k& 2RI R0
Table 6 Effect of roasting temperature of normal alkaline roasting

on fixed carbon content

SRR/ °C [ Bk S e/ % P

350 97.75

400 97.94

450 98.18

500 98.30 REBE ] 120 min,

AR 8

20 98.31 Bk 1.0
600 98.31

650 98.30

700 98.25

222 FHBRRXE

DL RILR e L Aol 45 0 I 45 21 i A 28 R Rk
PEATRRIR RS R R ER TRV | R T | VAR I] L i
TR (DX Ay A 2 () 5], 45 Rk 7~ 10 i,
2 7~10 WA HIERIZ T 2AAR S50 0 SRR ik
¥ 3.0 mol/L JRIZIRIE 70 °C I L 1.0 mL/g fR¥Z
BFA] 150 min, DGR A 25 [ Bk 5 5 98.31% 44
% 98.96% .
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Table 7 Effect of HCl concentration in normal acid leaching

on fixed carbon content

ERFRABE/ (mol - L71) [#] % Bk 5 =/ % HE
1.0 98.59
15 98.70

FRIZIRE 60 C,

25 98.86 W H 1.0 mL/g
3.0 98.92
3.5 98.91

xR 8 EMBRZFRIREEXEERSEHFE
Table 8 Effect of acid leaching temperature in normal acid leaching

on fixed carbon content

R BRI/ C I#] 7 f £ / % FE
40 98.86
50 98.88
FRIZ B E] 120 min
60 98.92 ’
ERERHE 3.0 mol/L,
70 98.95 VI I 1.0 mL/g
80 98.95
90 98.95

RO EHERZEKE LY EE RS EH R
Table 9  Effect of liquid-solid ratio in normal acid leaching

on fixed carbon content

W&/ (mL - g7h) I Btk 25 £/ %o #H/E
0.5 98.94
1.0 98.93
2.0 98.94 R EE 3.0 mol/L,
2.5 98.95 FRIZELIE 70 C
3.0 98.98
3.5 98.96

TS A BRI A L) e s [) RS e VL B X A A [
ER SR 11~ 14 FrR, i3 11~14 741,
B 5 SR ARV TR B R T L 5 A B [ R e il
BN, P Ay S E R SR R LT, SEFIE,
T BRI A5 1 Sk - AR R VRO B 40% TR L
1.5 mL/g J&Bemta] 120 min KEEEIRIE 550 °C 3% &4
TR EE M 95.35% 4% & 99.52%,

R 11 BEWERERERSEALRRRRENEEHRS B
Table 11  Effect of NaOH solution concentration in alkaline roasting

at atmospheric pressure on fixed carbon content

AAMRRAE % RS /% ik
10 98.12
20 98.97

WE 1.0 mL/g,

30 99.23 KPR 450 °C
40 99.32 St berta] 90 min
50 99.33

R 12 EIETEREER & E X EE SRS BRI
Table 12 Effect of liquid-solid ratio in alkaline roasting

at atmospheric pressure on fixed carbon content

WE L/ (mL -« g™1) 31 R ke 7 8/ % #/E
0.5 99.04
1.0 99.31 AN
15 99.39 HeRE 40%,

JEREIREE 450 C |
2.0 99.39 i%%)ﬁaﬁyj-lm 90 min

2.5 99.40

R 13 E R B A e e 18] 3o [E] RE ik & 2 B0 #20
Table 13  Effect of roasting time in alkaline roasting

at atmospheric pressure on fixed carbon content

J5BEMS 18]/ min [é] 7 Bk 2 1t/ % /i
£ 10 FHEBSHFERZEENMEEHSENFM €0 99.26
Table 10  Effect of acid leaching time in normal acid leaching 30 9918 SR
90 99.34 WP 40% ,
on fixed carbon content 120 09.43 W H 1.5 mL/g,
e yE i
AR /i B % i 150 99.42 HREI 450 ¢
0 98.76 180 99.43
90 98.87
120 98.92 SIS R 14 EIETREGE R SRIR E X B E RS BRI
FRIZ IR 70 C
150 98.96 HERWKIE 3.0 mol/L, Table 14  Effect of roasting temperature in alkaline roasting
180 98.95 WA LE 1.0 mL/g : .
: at atmospheric pressure on fixed carbon content
210 98.95
240 98.96 KRR/ °C [T 2 Bk 1% Tt/ %6 U
350 99.21
. = S o e s o 452 g s 400 99.29
2.3 f-EEEREINERREEER X R4
s e T 420 9939 AL
2.3.1  ABERIK IR 500 99.48 WEE 40% |
H— 5 B A7 SRR U B RO B =0 s JIIE Lo
40 min, R JE T - FE I FE A7 1 3 P 00 3!
Bt e i B, S AR A B VA RO FE T L (SR AR B 700 99.32
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PEAT N, 68 22 i S AT T A A B2 ]

SRR RN 28 N EL A S 35 ming, B R
-0.15 MPa  $£1 55 55 RIR A, BiFERTE] 40 min,
FABPEIREE 550 °C , RHBEiHA] 120 min , AF5T S AL AN TR
W T ORI ) TR X Rt i 5 i, 4
R 15~17, W 15~ 17 050, I Rmscks B B i)
TR SR SR AR B 40% 7 0.19 MPa( il
JEIRE 120 °C) R E 1.0 mL/g, 3% 500 F £7 2 [ 5E
WA 95.35% 4 & 99.60%

R 15 MERRSGERNSSUMWE K EX B E kRS R0
Table 15 Effect of NaOH solution concentration in pressure

alkaline roasting on fixed carbon content

LA R IR B/ % I#] 7 Bl % 1t/ % HFiE
10 98.83
20 99.26 J£J30.14 MPa
30 99.46 (IR 110 C),
40 99.58 WAL 1.5 mL/g
50 99.59

F 16 MEREEERENEERSEMN RN
Table 16 Effect of pressure in pressure alkaline roasting

on fixed carbon content

& J1/MPa I 2 Bk B £/ % #1E
0.10 99.47
0.14 99.56 A
0.19 99.63 W 40%
0.27 99.64 WIE 1.5 ml/g
0.36 99.64

R 1T INIERUREGE R R E b X B E Rk & E R R
Table 17  Effect of liquid-solid ratio in pressure alkaline roasting

on fixed carbon content

W/ (mlL - g7") I Bk i/ % e
0.5 99.45
1.0 99.60 %L‘?frfc%mﬁ?&
HeBE 40% ,
1 99.64 [E710.19 MPa
20 99.65 CIMEIREE 120 °C)
2.5 99.65

232 ERRZKE

DAL iR e i 0 A5 30 9 7 B8 A OB, 7 TR I EE
1.0 mL/g I}, MU R WK B2 R ) (TR IR E ) TR
AR EAT i R AR IR IR, 45 2 L% 18~20, HiE 18~
20 AIAL IR T 2 uAk 2544 - HCL ¥R EE 2.5 mol/LL
JE770.16 MPa( FRIZIRE 118 °C) \FR¥EMFH] 90 min, %
ZM T ERIE A S5 [ B 2 L 99.60% 4 =1 £ 99.96%

R 18 INEBRR AT EEER IR XY Bl E B BRI RN
Table 18 Effect of HCl concentration in pressure acid leaching

on fixed carbon content

R RE/ (mol - L71) 31 5 i 5 1/ % #E

1.0 99.83
1.5 99.91

R (8] 120 min
2.0 99.94 )

J£7 0.16 MPa

25 9993 (BRI 118 C)
3.0 99.97
3.5 99.98

& 19 MEBRRRENXEEHS BN
Table 19  Effect of pressure in pressure acid leaching

on fixed carbon content

J&41/MPa [P 5 Tk 5 it/ % i
0.10 99.91
0.12 99.92
0.14 99.94 1212 i ] 120 min,
0.16 99.95 ERUFE 2.5 mol/L
0.18 99.97
0.20 99.98

R 20 INIEERR A BRI A E) X ] E & E R ST
Table 20  Effect of acid leaching time in pressure acid leaching

on fixed carbon content

FiR ¥ 1 [ /min [ 2 W 7 2t/ % ®/ik

60 99.90

90 99.96

120 99.96 LR 2.5 mol/L,
150 99.97 17 0.16 MPa
180 99.98 (FRELIRIE 118 °C)
210 99.98
240 99.98
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AT SR AT A RIS A1 s Y B RS R A IR
2.4.2 SEM-EDS 4#7
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Fig.9 XRD patterns of products obtained during

optimized alkali-acid method
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Fig.10 SEM images of purified graphite by traditional and

optimized alkali-acid methods
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Fig.11  EDS spectrum of purified graphite by
optimized alkali-acid method
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