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Preparation of High-Purity Graphite Based on Flotation-Alkali Acid

Composite Process and Its Mechanism Study
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Abstract : In response to the bottlenecks of low efficiency, heavy pollution, and high costs in the traditional purification process of low-
grade graphite ore, this study proposes a new flotation-alkali-acid composite gradient purification process, systematically investigating
the evolution of impurity occurrence forms and the multi-stage synergistic impurity removal mechanism. By optimizing the ratio of
flotation reagents and process parameters, the carbon content in the concentrate was increased from 6. 8% in the raw ore to 88.6% ;
combined with the analysis of alkali fusion reaction kinetics, the quantitative relationship between the silicate decomposition rate and
temperature and alkali concentration was revealed, and more than 80% of silicon impurities were removed through alkali fusion
treatment at 700 C ; a HCI-HF mixed acid synergistic leaching model was constructed to clarify the coupling effect of C1~ complexing
metal ions and HF directional etching of silicates, increasing the carbon content to 99.5% ; finally, high-temperature purification at
2800 °C achieved a carbon content of 99. 99% , with the ash content reduced to 30 x 10 ~°. Multiscale characterization reveals that the
composite process, by gradient removal of micron-scale gangue, nano-scale oxides, and atomic-scale light element impurities,
maintains the integrity of the graphite crystal structure while ensuring surface cleanliness. This provides theoretical support and a
technical pathway for the green and efficient utilization of low-grade graphite.
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R (HCD) sl ,36% ~38% i E R A
- ZURIR (HF) BT, =40% LBRERA AL RE
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B R RS KB & AP R
AL PE-150 x 250 HERPRLE <125 mm, HUEDRZEE 10 ~40 mm JE AL L HIGE T
1B R EREEHL XQM-2L 543 0 ~ 400 rpm , HHEE At S AL HS K WA S ZE <74 pm SUF STRE
FHEHL XFD-1. 5L FEPRZBL 1.5 L, 485533 1500 rpm ARFEE S RIUE TR
e i R BEL SX2-12-16 FORIRLE 1600 °C, FEKEE £1 C Bk S5 g ERHL
RVUIR LI R 4 PTFE-1000mL AR B, TAEREE <200 C fizi alifk bW R
X ERATHYL D8 Advance Cu Ko 4851, H3H1EH 5° ~80° YA ST T A & e
X oL FHE 5L ESCALAB 250Xi PR <0.45 eV (0 Al Ko 5 FHCRAFESST EEFEIR R
EEET R R TA TG SU8010 SYFEF 1.0 nm, il 45 EDS BN WMWESR 570 RAmFME  HAHSAH
HUBHE G SR8 THOGRE ICP-OES 7300 KRR 1 x 10 78 LRVEEIE =4 AU e SRTCR E AT F E LHERRHL
kA S TGA 1600 °C HHERS Ar  JHEEE 10 °C/min AL BN FREEL
®3 EIZMBEXESH
TZHE Kl B4 JRLBE /1 ] ESiEatiE =2 FAm - Prda bx
Fik e XFD-1. 5L ¥##EAL ¥R, 15 min B3R E 30% pH 7.0 &R =85% Bi¥ <74 pm
Bl b 3 SX2-12-16 F N 700 °C,2 h NaOH/ A1 8 i [t 1. 20 1 HEBE R R =80%
R4k PTFE [ % 60 C,3h HCI-HF AR 30 1, B HE 105 T & i =99. 5% ,Fe <200 x 10 ~°
iR Al TGA f1 24k ) 23800 C,4h SRS 50 mL/min W& it =99. 99% , K43 <50 x 10 76
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DAL BRALHE . D FEFE B 40 180U T vk Tk
AL EA T 12 h QEHE 21 (0 ~ 1350 V) X
Cls.0 1s EHEE ; K H Avantage A UE17 4314
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254 SEM-EDS ST i kG v 445 1 A IR A |
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x5 BFREIZSHMUIRER
E 24 7RI I/ % VS 2/ % KHEILTR (Fe, Si0,) FE/%

TR 0.5 kg/t 78.2 82.5 Fe: 1.8, Si0,: 9.6
0.8 kg/t 89.4 87.3 Fe: 1.5, Si0,: 7.2
FHEE () 1.2 kg/t 92. 1 84.9 Fe: 2. 1, Si0,: 8.5
6 82.7 83.7 Fe: 1.9, Si0,: 8.3
7 89.4 87.3 Fe: 1.5, Si0,: 7.2

W3 pH
8.5 85.3 86. 1 Fe: 1.7, Si0,: 7.8
2 (ML %+ H3k) 84.6 85.2 Fe: 1.7, Si0,: 8. 1
IR IREL 3 R CHLTE + 3k x2) 92.8 88.6 Fe: 1.3, Si0,: 6.5
4 R (OKEE x3) 93.5 87.9 Fe: 1.4, Si0,: 7.0

SECE MRS HTAN T L AGR R S T kD
WAC 3R ot 2 R P S (R B8 T 4 757 (0. 5—1. 2 kg/t B
I R 78.2% FH & 92, 1% ), 18 4 ] & 4 1
0.8 kg/t B, i & W 3 BOK 9 & AL R B
(87.3% —84.9% ), HLIEL > HTRM , ifi & aY 4 i 7|
AT S s R, o L K TR A R
V)2 W BREAE ik 4L i ML e s (U Fe 2% 5
THMLS%THE2. 1%), RILER 0.8 ke/t, 3
B [R1 0% (89. 4% ) SAEH itk (C =87.3% ) . TEH”
M pH Jrifl, pH =7. 0 B fifk 1S3 5 it o7 22 3k 301 0
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(pH =8.5) &M MIREAR T IR R, HLEE b, i

M (pH =7.0) &, A AE KA KR ¢ BALTRE
I, 57 R AR o7 22 (AL R i kb T
RPN M . EARfE o pH =7.0, TREWRETT
T, R E RO 2 YR 28 3 YR RS 7 Al 75 et B 3 4
F+(85.2% —88.6% ) , (ALt 4 WKk, Tt
JE P EANBORR , S N2 87. 9% . MLIHERHH,
3 YO 1T LA 88000 B A 38 ko FE AR AR i — 25 3
TR B2 8RB FE LT Bk s, fRAbf(E N
3 YOSk (BRI % 92. 8% ,C =88.6% ) , B AkHs
PRI 6.,

TEIE T AR R R A i 0. 8 kg/t 073K
pH =7.0 YA, A MUK % 1892, 8% , K5 0 Bk 7%
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k6 MUAEFEBYIER xR7 AERMEHETHEES
P . SBEEHHESH
e 92. 80% NaOH i/ R RERRER %Miz
\ . e/ (c Aisf A1)/ oyt REEH
RUBaR 88. 60% mol - L' ) h #/%  £/10 min~'
R A Fe: 1.3%, Si0,: 6.5% 4 00 5 65.3 3.7
BLEE 434G ( <74 pum) 95% 6 600 2 78.9 12.5
8 600 2 84.2 15.3
i 88.6% .
. 6 700 2 93.6 26.9
4.2 WIBRNBHHZE
6 800 2 97. 1 34.2

BRI S R Bl 0 224 T R B R e e PR R 2% T )
JBEBRACR I SR A S S JE S iy LA,
B NaOH ¥ 2 5 18 22 (A IBLET, IR 455 XRD 43
Mr ARG A B M S EOLR 7,

B 2 A T A0 R . 24 NaOH ¥k B M
4.0 mol/L 4% 8. 0 mol/L( #iJE [ ELE 600 °C) i},
RERR LR 70 R M 65. 3% $2TF 2 84. 2% , FW R
HWHARRE T 76% , LR L, SR IE NaOH 4245 £
FONFES OH~ , N T Si0, 4% 4544 i i 24 ( s 1

#:Si0, + 20H ™ —Si02~ + H,0) , ¥ )71, 246
FEM 600 C JF & 800 °C ( NaOH ¥ & [ & N
6.0 mol/L) i 43 fftR N 78. 9% Wi 5 97. 1% ,#F
WHARA T 173% , @i pie e S Re, &
FIGILAE Ea N 48.7 kJ/mol , F8RIH T Ay 1.2 x
10" min ™', @il E AR T ROV TG fLRERE S, A
AN 1 RERRER 1) 70 o B AT JS W0 AH A Oxt L I
%8,

x8 WAEIRMAEMXILL

FE FEYIH FRIEAT 405 (20) AEXT i/ %
i % (PDF#41-1487 ) 26.5°, 54.6° 6.8
JEAT £19% ( PDF#46-1045) 20.8°, 26.6°, 50. 1° 45.2
£1 85 (PDF#41-1487) 26.5°, 54.6° 84.2
T Eiﬂﬁ"flﬁl( Na,SiO;, PDF#29-1134) 28.3°, 32.7°, 49.5° 12. 1
) f1 85 (PDF#41-1487) 26.5°, 54.6° 99.5

R =) o

JoEIE Sio, Faldg( ~22°) 0.3

YA AR AL A0 o 7 A SR AL Ol RERR M 1 i
T U TR P AR AR IS (20. 8° , 26. 6°) TETRIA
JETH R BUM AR Z B & Na,Si0, B 4FAEI4 (28.3°
32.7°) , #WAKA T J:Si0, +2NaOH—Na,Si0, +
H,0, 5REMRUR AR N Si0, TERRIZ By Be bl HF %
i, XRD [kl 2 TICE JE v, 75 4R A1k
A A B SRR (Fe, 0, ) FRAE 15 (37.5°)
TERE R I 2% 740N NaFeO, ,FRIZ G Fe &G R
2x107*PAF,
4.3 BREHEIR

W21 Y Beil i HCL-HF R AR 1A 2R S84 s 41
)5 A AR E OB R | TRl IS 45 A AR A4
SeREME AT BT me N i LA R R S8, IR 2
A XRD 5726k 7 A B8 2 8] 45 Fa 3 A B A,
SLIGBETTEE R IR 9,

M 17 ) TSR SR BT 45 SR AN . D Fe [0 BR 2 A )
I7AF A [0 AR A YFe = 89.2 + 4. 1X, +
3.8X, +2.9X, +1.2X, - 1. 5X, X, , Horb X, i HCl ik
B X, b HE WRBE X, SR B, X, W], R
R*H 0.937, 8% 51 R* R 0.912, H P {E/NF
0.01,RMIFAI Y 2 A HEAEH I, HClL 5 HF
W R AL HINR B AE( - 1.5) R RHKE HC
55 HF [R5 FH T B 5 S0CEE AR % A i, ] ke’
MR TRBEXT Fe £ Si BYBEBRZ5E i 23 T
AT B AR N A Bl g 2l B, 38 S A A T
SI0ESCE , it &4 HCl 22% HF 8% iR
75 °C WA 2.8 h, 44 F Fe BLERFiLF] 98.2% ,Si
JBEERFR R 99. 1% , R = HiIJ5 A1 28 454 2 5506 b WL
# 10,

SRR AT AN T AERUA T R A B
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P HC1 \ HF  JBE/ BIEl/ Fe BiBR  Si BBk
W/ % W/ % C h /% /%
1 15 5 60 2 84.3 89.7
2 25 5 60 3 9. 1 93.5
3 15 10 80 2 87.6 96. 2
25 10 80 3 97.8 98.9
g 20 7.5 70 2.5 94.5 96. 3
x10 BRERIEASHEMSHEIL
BER duy/ A EiA=] R R
ID/1G b m?eg”!
BB S A 2 3.41 0.23 12.5
R s A = (fifl) 3.38 0.28 18.7
R LA B 3.36 0.18 5.3

JEIAIE (dyyy ) RARATHERR 3.35 A B R ZE 3. 41 A
FHZEA Na* sihEfREL IR Bk A MAER RS,
do, 2 3.38 A, [ HCI-HF 15 f# T 2 18] 2% 5, K 55
T A BRI L s it =R AL T, dy, B2 BEAR
{E(3.36 A) , W07 (AR &5 ik 1) =99. 99% , TR
FREE T, JRIZ IS 1ID/1G AN 0. 23 34 2% 0. 28, K B
BRI GIA T B (I C—O0  C—F ) ; w5 iR Ak
PRI G SR 2 B , ID/IG FREZE 0. 18, 21T
i B KE (ID/1G =0.05) . He 3 AR5 1, R
RIR R 12.5 m*/g W% 18.7 m*/g, 2 [H]
R A R B T B5CFL B %6 T 5 T o e Ak B A B R
EE HE, IR TREZE 5.3 mY/g i EEEA
SRIRHIE

P[] % R ML B HCL B9 ) BE 2 18 i Fe, O,
ALO, % & JR A bW, A= e nl % PE &4k W (i
FeCl,) , i HF W] §h % 5% 4 19 Si0, K f MR 26, A= 1)
H,SiF(,Cl™ 5 Fe’* B IE M FeCl, _, B Ik Fe(OH),
BRACRERELAS SN HE fLJE i i Si0, , ko HAd 2 4
JRE ALY, G5 F R B R s B 4SO HE W R

<10% JRJE <80 °C, LA/ DA 58 i )2 193 Bl 1
FRIR I () e AL B T A R S BB AR L SR

g R W, 7804k 55 1F (HCL 22% , HF 8% |
75 °C 2. 8 /M) T, Fe Si IIBEER R 43 53k 98. 2%
M99, 1% ; IR ot & A7 55 2 [ FE 45 /1N (dy, A
3.41—3.38 A) M gk B pg 80 (ID/1G M 0. 23—
0.28) , 0 =ik 4l Ak BE S A 850& 52 4544 5 B W) 2500 5
T Cl %464 BET5 HF &Mk ZI R 54
fEHL,
4.4 HRALHRE

AL R BRSO P R MRS (4 BLS) M
B BA R 43 W S EEAL TR JEL T 5 s [ 4 ) 422 5 i)
ARG S A PERE . AR XS LG 2 500 C 5
3000 CALHERR , 45 G I 54T (TGA ) i B 44 ot
VER AR . ANFRE T SRR XS L3 11,

F11 FEBETHRALKE L

W/ AE OBRS RA B/ FBICLHR

C  WE/E B/% 107 wQem T /10 -°
2500 4 99.93 120 9.8 B:15,5:8, Fe: 5
2 800 4 99.97 65 7.2 B:6,8S:3, Fe: 2
3000 4 99. 99 30 5.5 B:2,S:1, Fe; <I

VR M 2 500 °C FHZE 3 000 °C B, ik F =
99.93% $ET+Z 99. 99% , K53 M\ 12 x 10 2 30 x
107, X—L W HLEE T & fE o B.S 4200
RINTHE, JUHSE B I THEEIE 218 2 300 <C, [FIRE
FER T HRER 48 ALY FeO 1 ALO,, TEHLZ:
PERE T, FLHEFHAN 9. 8 pQ-m FEZES. 5 uQ-m ,iX
FEHTEEBEE T A 80 A ELE , 3T T 800
TiERA, FEREFEJTH , BETHE 100 °C, REFEZI3S N
25% . PRI HERE Tl FH R 2 800 °C Ab 353
WA HE 99. 97% FK 43 65 x 10 ¢, LS4 it A1 il
A, BRI 12,

F12 TGA REBRKMESI M ERIEL

WX ] /°C FRAE AR R % F IR IR ] i SN

800 ~1 500 0.5 W B H, O i C H,0—AH,0(g)H, OA H, O(g)
1500 ~2 200 1.2 S.P S—AS(g)SA  S(g)

2200 ~2 800 2.8 B &8 &b B,0;—AB,0;(g)B, 0; A B, 0; (g)
2800 ~3 200 0.7 kg Sic  AIN SiC—ASi(g) +CSiCA  Si(g) +C
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AL TR IR E A T Al SR A e LR ST .75 -

Y& & ML 43 B 40 R . AE AR i B B (800 ~
1500 °C ), 3= Z BB W Bt /K FJC 2 Tk, i 61 2k
BN 0. 5% Wik & %A 835 52 AF R B B
(1500 ~2200 C), S.P Ak 4@ 2% o DL B it 5 41
e XA & (1 S0, P,0,), a2k KR
1. 2% s TERT IR B B (2 200 ~3 200 °C) , B HY%E k& +
ZLUA B,0, TEATHE (. ~2300 C) |, Bt R
H2.8% ; [FIIT, & J@ Ak & P 4 >k 9¢ SiC | AIN 7E
2800 C LA L2 MARAS Sil AL iE— B BRI 5%
JKAY o

FE i 2l Ak T2 AR AR T T R RS
TR 1800 ~ 1 500 °C B, FHRH % K 15 °C/min,
PR BRI W2 B 2% B 5 1500 ~ 2 800 °C I, FH i i %
H5 C/min, ¥ 6] S| B B K HOR G R Ot
;2 800 ~3 000 °C B}, fE i 4 h, 5 14 99 K F 2 R
AT A R O T, R R Al R R (A
=99.999% ) YE NP, Wit & 4 50 mL/min, LA
il 1 B 51k

5 BN, 3 000 °C b FE 4 h AT SCE AR B
=99.99% JK43r<30 x 10~°, lLHFH R 5.5 pQ-m,
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