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Extraction of vanadium from hardest refractory stone coal using
recirculating fluidized roasting and pressure leaching technology
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Abstract: Based on the hardest refractory stone coal containing vanadium from Guangxi, China, the leaching rate of
vanadium under the condition of recirculating fluidized roasting and pressure leaching was studied. The results indicate
that the leaching rate of vanadium of blank fluidized roasting is higher than that of the sodium treated one under the same
acid-leaching condition. The systematic technical comparative research on roasting and leaching indicates that this stone
coal is indeed the hardest refractory one because the mineral can only obtain the highest leaching rate of vanadium if it is
treated by recirculating fluidized roasting and pressure leaching. Under the condition that the volume ratio of H,SO, to
HF is 1:1 and the mass fraction of MnO, addition is 3%, the best acid leaching requirement of the recirculating fluidized
blank roasting sample is that the ratio of liquid to solid is 1:1, the leaching temperature is 150 ‘C, and the leaching time is
6 h. The leaching rate of vanadium can be up to 98.11%. Meanwhile, the pressure leaching kinetic model, the leaching
control step and the leaching apparent activation energy of the recirculating fluidized blank roasting sample were studied.
The discharging problem of harmful gas like Cl, and HCl from sodium treated roasting can be avoided by using

recirculating fluidized blank roasting. Based on the innovational application of the roasting reaction device, the exploration
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of experimental techniques will provide some references and judgments for the industrial utilization of the hardest

refractory stone coal.

Key words: hardest refractory stone coal containing vanadium; recirculating fluidized roasting; pressure leaching; kinetic

model
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Table 1 Chemical composition of stone coal containing
vanadium (mass fraction, %)

\Y% Al Si C S Ca Mg Fe

0.62 6.72 2388 17.75 225 344 558 0.11

=2 OHT LA B

Table 2 Phase analysis of vanadium in stone coal

Phase Mass fraction of Distribution
vanadium/% percent/%
Quartz 0.006 3 1.03
Muscovite 0.29 48.24
Phlogopite 0.31 50.73
Total 0.606 3 100
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Fig. 1 XRD image of stone coal raw ore
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Fig. 2 Schematic diagram of boiling fluidized bed roasting
reactor: 1—Air pump; 2—Air inlet; 3—Rotameter; 4—
Resistance furnace; 5S—Boiling fluidized bed reactor; 6—Gas
outlet; 7—Electronic thermo-controllers for transformers; 8—
Gas collector

B3 IR R S N2k B
Fig. 3
roasting reactor: 1—Air pump; 2—Air inlet; 3—Rotameter;

Schematic diagram of recirculating fluidized bed

4—Resistance furnace; 5S—Recirculating fluidized bed reactor;
6 — Gas outlet; 7 — Electronic thermo-controllers for

transformers; 8—Gas collector

B, T 800 CRibE 0.5 h, T TR ETHALE A 0.2
m/h, FARAH 5, B R308RI BS 25 B A /N T 0.074
mm(%) 70%), 1E N IR
132 SRk

B iE RN T 0.074 mm B4R RE SR N
FRNBE/ N, JF & T 5 kb T 800 “CREEE 0.5
h, HAR H1 5K R BRI B 2 K042/ T 0.074 mm
(21 70%), 1EREHiAFE.
1.3.3  Jnifk¥ i

IS £ ISR RE TBON 18 TR S Y. 56 (O A IR 4 40 T
4 3~4 MPa), FH4EH—E RAEMABINA], WEHFE
B4 800 r/min, T 150 'C R M 6 ho HARAHR
B PRI AT R P B i, (D TR
B R,

qzégg.x100% (1)

K g APIRR R, % m R, g
o ARFEF UG TR 20 Y%s p MR, g/mL;
VO IR, mL; B i L R
%o
1.3.4  HIRRH

IUE RPN Z ORI, $5 8 — 5 4
NG, ¥ = DR T b B, s
FEREH A 800 r/min, T 150 ‘C NN 6 ho HIRAA
Ja BRI AT e R R L e, 4% T
PR,

2 FHR51R

2.1 BEIRRSUERAEEMERLEASRLZ



F22 % T

TN, A% EPRUAS PR I iRt AR AR AT P SR 2055

FEGIA SRS, AR A7 K
F O AR t AE f 5E R . SEER A s R 4 3.

H13% 3 HOMG TSR A SRR 45
AL, R R T DL 4R m A i A A AL
AR BRI PR T A (R AR, BB
TR, LS AT R Si, R IR IE SRR
72, AERPR SRS I AL TRTIN QL O R TR R
TR ARSI S AR R 26 AF B AR
A FURT BRI FE R LB R AR T A T b A LR
1%

HI3& 3 TOM@ TSR R IR EIR ] 2R
R A AL B R PR . AEA
IR AT T, AR A IR PR o
PR T AR R AL R o AR AL R
FEFE 53 3 BORAE IS BE R (RTINS 14k
PRI Cly & HCL A5 A7 3 R B HE )

22 EIRRSUERE-MERHFTIZS5HMERLT
ZAIBRME R RIE T IR B R b
BRSNS (R e T8

R TS, B&TARR-—FEREH TE, mak

AR R T2 R s A VR R

B TR AT . S0 F S 45 T

* 4.

H13& 4 O T SLRE R A A2 A
REAE W T s AR Bl =y IR K FLARR AR HT T
PUR R IPIRAG. X EEGR AP 4L 38
W RIGK, AT SR AN Re T B S5 )
RIMFEANIF A AN, AIITAF TR o

© 5 LEa KRB AP 28052 ke
Ja s AEH S AR SRR IR OB AR T, iR
AT T e E, PR RRER. XL
T AT SRR, B AT, 5k
THWRIISRKNE, [R5 5 R M I 5 TR
Giks 2 SLINEH, TR THRE L. (HERSRBER S
FER AR T “adige” i R SR B A AT,
R B AR TR [F, e N T
R AR AL, PRk, PR IR AR IR
fik.

OGS Wb s A AR S IR A, W T
MR B A2 TR D3, JUHAERRZIR
BT, PRI, R, aSukibe
AE % . 8 3 5 vy R LR L N A U IO BB L
o M IEIATALARTBE SN 8 X AT U™ R BURE 7
HOE B2, Adhe AR INTE 7, AR RE S i)
Ji&s AERRIA 73 I G s DR R A PE R RIS, BE
IFE s AL LV LoV R v, K]
Ub, AR BB A AE B, LS AR S 3

R3 EIATASRTREAAT N AR LS S B LR R (K5

Table 3 Effect of leaching additive and dosage on leaching rate of vanadium under condition of recirculating fluidized roasting

Roasting condition
No.

Leaching condition Leaching rate of

vanadium/%

Reactor Dosage of additive Reaction type Dosage of additive
Pressure leaching with Ratio of liquid to solid is 1:1 2087
Recirculating low alkali (10% NaOH solution) ’
@ o 10% NaCl - - - — —
fluidized bed Pressure leaching with Ratio of liquid to solid is 1:1 69.92
high alkali (50% NaOH solution) ’
Pressure leachine with Ratio of liquid to solid is 0.8:1
U low acid £ (W(H,S04)=40%, w(HF)=2%, 63.46
Recirculating w(MnO,)=3%, distilled water)
® C 10% NaCl . . L
fluidized bed Pressure leaching with Ratio of liquid to solid is 1:1
U hich aci dg (V(H,SO4):V(HF)=1:1, 92.21
& W(MnO,)=3%)
Pressure leaching with Ratio of liquid to solid is 1:1 6.00
® Recirculating o low alkali (10% NaOH solution) ’
fluidized bed Pressure leaching with Ratio of liquid to solid is 1:1 4729
high alkali (50% NaOH solution) '
Pressure leachine with Ratio of liquid to solid is 0.8:1
U low aci dg (W(H,S04)=40%, w(HF)=2%, 66.12
@ Recirculating . w(MnO,)=3%, distilled water)
fluidized bed Pressure leaching with Ratio of liquid to solid is 1:1
U & (V(H,SO4):V(HF)=1:1, 98.11

high acid

W(MnO,)=3%)
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Table 4 Comparison of leaching rate of vanadium recirculating fluidized roasting and pressure leaching technology with that of

other technologies for hardest refractory stone coal containing vanadium

Roasting condition

Leaching condition

Leaching rate of

No. .
Reactor Reaction type Dosage of additive vanadium/%
Constant pressure directl Ratio of liquid to solid is 0.8:1
it pressu Y (W(H,S04)=40%, W(HF)=2%, w(MnO,)=3%, 17.73
leaching with low acid il
® — distilled water)
Constant pressure directly Ratio of liquid to solid is 1:1 3021
leaching with high acid (V(H,SO4): V(HF)=1:1, w(MnO,)=3%) '
Constant pressure leachin Ratio of liquid to solid is 0.8:1
Wigl lovfaci q & (W(H,S0,)=40%, w(HF)=2%, w(MnO,)=3%, 36.34
® Porcelain crucible distilled water)
Constant pressure leaching Ratio of liquid to solid is 1:1 53,50
with high acid (M(H,SO4):V(HF)=1:1, w(MnO,)=3%) ’
Constant pressure leachin Ratio of liquid to solid is 0.8:1
Wigl lov:/laci q € (W(H,8045)=40%, w(HF)=2%, w(Mn0,)=3%, 49.26
@  Boiling fluidized bed distilled water)
Constant pressure leaching Ratio of liquid to solid is 1:1 73.18
with high acid (M(H,SO4):V(HF)=1:1, w(MnO,)=3%) ’
Constant pressure leachin Ratio of liquid to solid is 0.8:1
.lf 1 e ICaChing ., (H,80,)=40%, w(HF)=2%, w(MnO,)=3%, 55.45
Recirculating fluidized with  low acid distilled water)
bed Constant pressure leaching Ratio of liquid to solid is 1:1 3132
with high acid (M(H,SO4):V(HF)=1:1, w(MnO,)=3%) ’
- - Pressure leaching Ratio of liquid to solid is 1:1
Boiling fluidized bed with high acid (V(H,S0,):V(HF)=1:1, w(MnO,)=3%) 9040
Recirculating fluidized Pressure leaching Ratio of liquid to solid is 1:1 098.11

bed with high acid

(V(H,SOy):V(HF)=1:1, w(MnO,)=3%)
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B4 A ARG 1) SEM 18

Fig. 4 SEM images of raw ore and roasted residue: (a;), (a;) Raw ore of stone coal; (b;), (b,) Static blank roasted residue (800 C,
0.5 h); (cy), (c2) Recirculating blank roasted residue (800 C, 0.5 h)
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Fig. 7 Effect of leaching time on leaching rate of vanadium
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Fig. 8 Effect of stirring velocity on leaching rate of vanadium
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Fig. 9 Curves of leaching rate of vanadium changed with

leaching time at different leaching temperatures
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Fig. 10 Dynamic curves of vanadium leaching at different

leaching temperatures
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