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adjustable voltage speed controller; 3—Three necked bottle;

4—Water bath; 5—Carbon dioxide cartridge

1.3 SihA®E

TP AL & R ] Optima 5300 DV Hi sk
S R R R IS (3E [ Perkin-Elmer {25 22
F Ao BT s T R R R UV9100 B R 1L
ARAT L3 66 BE (B SUORAN R RS AT PR 2 7] A2 77)
AYHTs AR R I AR % 2 R X' Pert PRO MPD 7Y



26 4558 9

2L, S5 PURRES AR AL LA R S A 2025

X ERATHRAX (T 22 WA 50 28 7 A7) 2B o

14 SKWHZE

HERFRE — € = PR I = B, K=
PO e R bR E b, I —@ Mgk, &
BEFEIHEE 2 200 r/min, AL IE KRB N [ VR .
WAERAZ LR, JFORUE AR 23 Bk A
W FIAFMEMTT, PR 2R s e
7t 1.5 L/mine SRJG AN —E B INIRIRE L, KM 2 h.
MR N ARG, SRR, 7 RN
SR E . SRS WS, ARG IR
Mro AR &8 FoKGEE G, 76ROVl BN ST
R RET, BORE BT

1.5 SEHELERITE

Q)T VR, BRI SN A B IR S, A
PEESANHE N, Al EAUCA [ AR 4% S R AR,
FRES S L, CaO T, W SN i LA oA A s 2 i
TREFAAL o BB IS A a g, Jeh A0S
ORI HCN 53.9%; SN A2 1 AR T b g,
HPE M EEN e, WA
bc=53.9a, Bl b=53.9a/c 3)

JH I s NI [ AR R R AR T ATH A
FVPUIRES T LR B N AR A A2 . W R N S5 75 2]
(0 AR B 3 (V205 V) d, RTA5 38 i i [ A
HRALE RBLII EE BN dbl(46.1a), BLIEEAL R Ny

a=[(1-db/(46.1a))] X 100% (4)
RGN K@), #3
a=(1-1.17d/c) X 100% (5)

2 ZFRESH

2.1 BN CO, FEABERES P 1L E BN

M (2)Hm] DAt 7 R LR P R 5 2 1 58
R TRIRES, 7 B A% T HLRRAES P o 1) = R e IR
A, R BB ER A I 27 A vk &
2, AFT TAEAE. e VSR HE A CO,
AMER] BAA W AR FR A 70 A el AT B 1 o4
AL A TRIRES , 3 ] LA/ D IR IR A AL I H &, B 1k
AIMBI

TERERR B T AR T LM B R LE R 1. R B
G300 15 F1 20 R SEELEE 75 C L HidEE 2 200 t/min.

SV 2 h 25401, W9 T A CO, Hill A CO,
IR AL, S5 R sl in Tl 4 15 Fios

Wik R B, A CO, AL AL SN, AEAT
IFi 1 s 7 o ] 5 280 14D T A B 2 A 2 Sk vy AN
CO, MTIA AL SN IR AL L A, H LR
TR B FRE AT 1) S NN TR) LN+ ATl CO, BT 7 RV
I IA) o XU, FEBAL AL N BN CO, BEAT 2
P2 e A L IS ) S 30 R s 7 R

;g%}sﬁﬁﬁ E@%ﬂ@ﬁ?%@ﬁ\zﬁj\ﬁ Ca 1 (VeO,s, R
3Ca3(VO,),-Ca0, H:r Cas(VO,), &N 70.08%(Jit
0. BRI PO BN S (2) R (3) IR A I I HR g
BT, a5 R 6. B 6 hrTLIEH, RV (3)
(1435 A 91 1 EH e AT SON.(2) 16, RIS P (9 R
Mo e A SO T S IR A S N . B IEHERT, Ay
TR PR A5 SN e A Ak, D AR R AL

100

80f

T

j

*—N-CO,, L/S=15
e —N-CO,, L/S=20

Conversion ratio of V/%

0 20 40 60 8 100 120
Time/min

B4 75 CARL COp 4 T I Lk At S MRS (K

Fig. 4 Vanadium conversion ratio in carbonization-

ammonium reaction at 75 ‘C without CO,
100
P__.;————&/

80F

60r

40n

+—C0,, L/S=15
v—CO,, L/S=20

Conversion ratio of V/%

20

0~ 20 40 60 80 100 120
Time/min

5 75 Cill COp %A M RRAL AL S AL EE AL

Fig. 5 Vanadium conversion in carbonization-ammonium

reaction at 75 ‘C under CO, atmosphere



201649 A

2026 v A 4 2 AR
0
= —Reaction 2
® —Reaction 6
_20 L
S _aoh
g 40
2
% -60 1
g
_80 L
_100 1 L 1 1
35 45 55 65 75
Temperature/'C

6 ANIFLLEE N SRR T AT A g
Fig. 6 Gibbs free energies of reactions at different reaction

temperatures

B RIBIIR U AR SCBRIRES , B IEBOAIE T A CO, A ZEME
Ca0+CO3” +H20=CaCO; | +20H" (6)

G35, TN COy BEAT AL BT, AMHATLME COy™
FE IR N F O B SE N5, 3 vl LLAEPR} B 78
TR G, AT i S AR

2.2 NHHCO; RME M50 ER G
2.2.1 IR ] b B e B A Jan N e P A

HE 1 AT, SRV BN S, 5 0 J7 vk T DU R
IrES NH,VOs. B, #HERm WA RS %, &
BRI S Y. 5 YRORE R 1 O B IR e 1 R A LU AR R K
o W T ATRABR L, 75 CAAER, BIRAEIRIE N
0 g/L INF, SXoF SV P B R e Vs it S v, A 31,02 /L
HEAAE 75 CRIBIA AL RN A, SN B ] L LA
S EWELIR R B A 31.02 /L (AWK B I
I SN VL0 BRI &2 0.135 mol/L). R
S i AR AR 3 R (BA V05 THES |4 W e BEA
AR S (LA V,0s THARSE . BB IR A I 75 2t
(BA V05 11) K a, BRI LGN b1, VAR
150mL. A 1204

b~ 182x0.15

P 5 [ A R AL B B 46. 1% 2 50, 1T 4
PR Lo 18.76:1, DAk, dEHEMME L 15 BLAZ 20
BEATRRAC AL IR Y

hy K S R A in N B A A 1) S R ) %
M, I N0 PR 0 V) I R AR B A A S B 5 A
7o WINARIBRIRE L RN e g, A T IRIFPURRES
TR SE A A IR R, BRIE R IRIR B T

=0.135, 0 b=a/2.457.

(1 5 A5 TR ES TP T ) i, BRI AU B L
P85 TR AL A SR 1 2 (AR TR FRARARLBE R LR A 1,
gy 130, 24 _ e

b 182 79

h TR [ R S N S 44 N R A B A J
MR, 25 TARLEEREL 1. 2 F1 3 44F I
Tt
2.2.2 NHHCO; 78 i AU A6 26 (1) 52 M SE BT 5T

VA LG 20:1. JRRVIRSE 75 C. BiEEA 200
r/min. CO, #ifE 1.5 L/min. BALISIA] 2 h &1 K, %
KT GHUBIRIE N 1. 24 3 4cF R IR AR AL S
M. B 7 Fros AL R A Tt ib 2
NI E AR S . 7 WA, AN R B4
I AR PR B AR A AR AR — S X AR EIE T R
N CO, 5 IN R BNR 45T RITT W 584 (4518 o

Bl 8 FTos A AN A R U I N i 4 A i fb etk
RN BARAL S B I 8 TTLAF H, BRI &
Xof SNV VL R ARR B BRI A I N A (1
S0, WO PR, B L R, 75 CH,
v B PR A i R S e e AR b 1 e i e PR S VAR 2
MG REAG, Pk, i 2 KRR A I\ 2 BRI
IRAPLIR AP IR AR o DRI, SRR BE R LN
1 AER VAR, AT DU S S P iR S e 1 et e
%, AT 5 R B P4t vy D R R e A A AR P (R e 1,
T A SO YRR AT IR L R e &5 it (1 45 i

2.3 RBEE XL ER AR R kAL SR L S L A
(ELTIEN
N T R FEA B A N AE AN RIS 1R e AN

40 =—un(N)/n(V)=1
*—n(N)/n(V)=2
+—n(N)/n(V)=3
30

20r

Ww(V,05)/%

0 20 40 60 80 100 120
Time/min

7 ANFERIR A N A AT WA A BB A 2R v ]

AL

Fig. 7 Vanadium concentrations in solid phase of

carbonization-ammonium reaction under different additions of

NH,HCO;



26 4558 9

2L, S5 PURRES AR AL LA R S A 2027

40
" —n(N)/n(V)=1
o—n(N)/n(V)=2

a—n(N)/n(V)=3

(9%
(=)

p(NH,VO,)/(g'L ™)
[\®]
o

—_
(=)
T

0" 20 40 60 80 100 120
Time/min
B 8 AFIRE AN AAE B S N AR A
LS AR 2k
Fig. 8 Changing curves of vanadium concentrations in liquid
phase of carbonization-ammonium reaction under different

additions of NH,;HCO;

A, R LG 20:1. B SPUEEREE 1L BidEEE 200
r/min. CO, i fE 1.5 L/min. BRALIE] 2 h 461 K, iE
PRI ST 40, 55, 60 Fil 75 CHEAT KMV o

Bl 9 Fr A AN AL RE T B A A0 S WA % b [ A
o Rz, I8 9 iTRUE Y, 1E 40~60 CiLAE
ZAET, AL S AR A S DL R B L T — 3, /)
0~5 min P EAHEL S B SRS 7 5~30 min K,
BAAR AR 22 5 £E 30 min 2 J [ AR 75 i 52 T AR PG
i [V 120 min 5, [BEAHPL S SR E R 3% A4 .
SNAELRE A 75 C I [E ARG 2 AR A A S A I
AL, AHMY. 5 min FF4s, 3R ARBL & AT A
WRE T AL A . DA R IRRW, 1E 40~75 ‘CZI#]
WAL AR NI A R A, ARAE 75 “C I SN B A A o
Ak, MO TR IRY, B P R B TR
JEAK T, HEARMET 70 T, R4 smaL IR T
VE, R, SR 75 “CREAT RN AT BASE IV 1) = 0 .

N R0 2 SR AR B A SN I e R (e LR
BEMUTIE R, 750 RN 2 rh (R AR A FE AT
Mo S TR A B N A R AR S, G5 7 R 2 1, B
SN PEE PR RAAT T T s [ o AR P S ik P A i e
SN LR e (R A 5, AT I e A A
S5 N e R e B R B W TR DL R, PRI
IEFEAE 40 CRARIA LLGRIE L 7350 0 4 6+ 8+ 10)
NHEAT O, T 40 °C T B B VA R T B R B A1
ARIRRRE SR R 25 g/LVE N BE R NV & A, )
PIVNIN A ERT SR iR IN PN S W2 T )i
25 g/L Bk -

Bl 10 ok 40 CARME AT LL 454 T e db e fe Js 2
A Z8 [ AL B B ] F 2 0 it e o e 10 mT BUFR:
9 S5 RAL, AE 10 min P [ AE & B B
FER AR, 7 10 min B O R B AR AL, B 10 min
Z N R N DA R V4. B 11 TRl
40 CAR IR ] Lb 45 1T B A A A Js I PR R L 3k 8 B
AR R g . L 11 nT LU, AN R L
ZAET S WA P ARLA FE A B s S ] T (438 g FEEAE
HZ 5 120 min i€, Bi#am 3.5 g/L iy, BEpdn
ZAF N AW RR A R LR AR 1U(2.4 /L) (HAHE T
WA AN S N R PR SE B, VB LIR FE IR BRI, sl
Fe AL 1) 5 S R A /D T 120 min A REEA T
R, IR I O AL R o LR VR () e &5 i 2 — A
X G2 IR R o RIS I 40 CARIIE Lb 45 T itk 4
@SN AT ANY LV ST SN Sy L 2RI DS

Fi 1
"
40 =—40°C
*—55C
4—60 C
30H v—75°C
S
o
\>j 20t
2
10F
M‘%

0 20 40 60 80 100 120
Time/min

B 9 ANIRILIE T A B A N A Z b [ AH B B AR 4Kt

o

Fig. 9 Changing curves of vanadium concentrations in solid

phase of carbonization-ammonium reaction at different reaction

temperatures
50 " —L/S=4
o—L/S=6
s—L/S=8
40r v—L/S=10
S
= 30t
Q,
=
T 20}

10

Y ey
. 3

o 3 : -
0 20 40 60 80 100 120
Time/min

B 10 40 Chictb it i A R Hh ARG 5 A h 2k

Fig. 10 Changing curves of vanadium concentrations in solid




2028 hEA SR R

2016 4F 9 A

phase of carbonization-ammonium reaction at 40 ‘C

20
=—L/S=4
*—L/S=6
15F 4+—L/S=8
v—L/S=10

p(NH,VO3)/(g'L™)

W
T

0 20 40 60 80 100 120
Time/min

11 40 CHRACEE A WA ZR RO LA S 28 Ak i 26

Fig. 11 Changing curves of vanadium concentrations in liquid

phase of carbonization-ammonium reaction at 40 ‘C

24 RE LRI

PERHLEE R LG 1y ROVILE 75 °CL BiEFEdE = 200
r/min, CO, JiifE 1.5 L/min. BALIIE] 2 h 445 F, #F
FOT WM LG 15 F0 20 BPELI AR AL ROR, seaegs o
AN 12 #1013 fros.

B 12 FToR AN A0 Ll s R A1 s 8 Ak 2
WAL AR M. il 12 ATCUE W, i LT
15 #1120 WA, BT S A HBAREL, RITE
0~5 min INTA)JE [, AR S 2 2REIRIG: 78 5~10
min S P, JCREHEIZE: 10 min 5, [EAHEL S &
EOPRBR R S NY 120 min J5, FEAALS R
B3 2.26% LA 2.13%. AHLL T-¥E LE R 15 ML,
WRIETEE S 20 IR PR [ AR, 5 £ ] AR [a] Py e 3] 50
MRIAKE, I HAE RS 5~120 min 78— B EF A
(1) [ AH A 5

B 13 BT AN IR B4 1 B AR e A Jse B 4k
AP AHLIR AR 2k . I 13 WTLAE Y, i E
g 15 B, WA ) NH,VOs 25 8 5L 50BN s B
B, T DR A VR Qi B TR e 1 R S AN 5 5 L A
(B B A S AT O, 3 52 B F O L P e 11 Je
FIPLEREM . N 7 min 5, R NHVO; &
REGE B AR &Y 60 min I, NH,VO; T
TE N [T ASE s S VBORH 0 PRI B A7 T BeAR o T ]
EEA 20 IF, T BEAOR, AR R EL 7 S Y. 90 min
INATE B JEIEDTERTH, Pk, RAAS R
AR A 4.

A XL LGy 15 LK 20 B s N, 9
WILE A 20 BF, SN AR A AL S e S PR B O 4
FECEARAR AT, T BOAH 1) it B P e A A 1\ [ AH
TGRS, DAk, SRR LA 20 T T 2505 .

Fiah, IR RN R A I, 75 C L I
Lt 20, B SHUBER G 1IN, BRALERALRNAE 1T h 2 )5
BN, WA AT Ref % 18,
SRV TR RE A 1 he

[
40 e—L/S=15
A—1/S=20
_ 30}
N
S,
> 20t
=
1o}
| 3— ° S
0 20 40 60 80 100 120
Time/min

12 SR B A AE R B A i A S I3 A 28 v ] AR R 5
b £
Fig. 12 Changing curves of vanadium concentrations in solid

phase under different liquid-solid ratios

40

(O8]
(=}
T

p(NH,VO,)/(g'L™
[\®]
(=}

=—L/S=15
*—L/S=20

—_—
(=}
I

0 20 40 60 80 100 120
Time/min

13 AR EE A A BiAb B A S AR 2R v iR LR

Ak i 2

Fig. 13 Changing curves of vanadium concentrations in

liquid phase under different liquid-solid ratios

25 BRIMIZTIHRAE

B LA br e i, Ak A s N de A T2 4
Wr: RNV HR 75 C, WE LA 20, A CO, ¥t
MM 1.5 Limin, #58UE/REN 1, RN 1 he fEfHfE



26 4558 9

2L, S5 PURRES AR AL LA R S A 2029

T A PIATIRA AL SR . et T 24
SN EE A 75 °C, WE LE Ry 20, A CO, HiEN 1.5
L/min, (540BEREEN 1, RN 1 he HERET 24
PR BATEA A, SR 7.5 g AUIRES [EIAH . 150
mL BN, RN E LIRS A V05 il
2.04% (T4 40), AR NHLVO; BN 26.9 ¢/L,
UGS B A AN S N AL A 2R IE B 97.35%

Fihb, RN [ AH PR REAT X S AT T
RENEERWE 14 Fros. IR0~ B s .

. »—CaCO,
u Tow o
\JMJL\J_LUL O
10 30 50 70 90
20/(°)

14 GRAGEEAL SN 41 XRD %
Fig. 14 XRD pattern for product of carbonization-ammonium

reaction

2.6 WRiLEN-FRIZEIT

ZE LRI, DRELIR B (1 45 d o — AR RS
(R, JF H A5 A I T O BB e £ e Ao e Ao UL
FE(75 C)FIA E1 &5 L 40 C) NI . 16
75 C WA L 204 FAUBEIR LA 1 44 T BT B S
RN, TR R A (R BV N i 5 T B R A 1)
PRV RES, RTSELRES R S T, Rk
Bl G R A R B RN 0 g/Le BRIk, ROV
JEVE P W LR L BRI FE R 31.02 g/Lo BB, #H
PRI A 40 CAF LIRSS i, BT e R A e
HS AN 0 g/L, T4 Gl 28 i I h A IR A B e
TN 1079 g/L, PR LS FEN 65.2%.

h T RE PR A A, TR 40 °C I T ) Bk
P S el A PR S L s B PR L s R A1) 25 /L A
BISR e IR A e R 4 i 7 2, i £ ik R A i
TR VR R T AL R B (VAR T, Al 45 e e e
A AR BRI - Eh AT 45 AL, AT B3 45 4l o
IE . 7F 40 CREELES T, b in 25 /L
R PR UG , o o b I LR T AR B PG A 2.2 /L
HOIS4E R IE 92.9%. HAK T 2RI E 15

P o

NaOH Air Vanadium slag

| Oxidation |
—| Separation |—>Residue
L

Calcification |

S
€0, ::l Carbonization-ammonium | Cﬁﬁifem
A‘mmoniu‘m
blcarbonatE Crystallization| | Leaching |
S L
| Calcination | | Calcination |
S

Vanadium oxide
15 BRACEEAL SN T2 ¥t K
Fig. 15 Process flow diagram for carbonization-ammonium

reaction

3 it

1) PURRES e A B Al Y I e AR 45 AR s Jl N
CO, ik 1.5 L/min, RMNIRFE 75 'C, [ LG 20,
BUEEIR LGN 1.0, SNV EFE 1 h, SR FoLE b R]
ik 97.35%.

2) WA T B A S R S Y G0 4 it (1
PE, Wi T BRI SR AT A o> B LR R 1) v, B
WE R TIE 92.16%.

3) PR WA A A LA D S T S A
JRAEFARI, Ak FETE K e

REFERENCES

[1] MOSKALYK R R, ALFANTAZI A M. Processing of vanadium:
A review[J]. Miner Eng, 2003, 16: 793—805.

[2] NAVARRO R, GUZMAN J, SAUCEDO I, REVILLA J,
GUIBAL E. Vanadium recovery from oil fly ash by leaching,
precipitation and solvent extraction processes[J]. Waste Manage,
2007, 27: 425-438.

[3] FHAZE. BURREZD N T 2R DI K a3 (T, hEAT A
1h42, 2011, 6: 29-33.

FU Zi-bi. Development process and trends of vanadium



2030

hEA SR R

201649 A

(4]

(3]

(6]

(7]

(8]

(9]

[10]

[11]

[12]

extraction from vanadium-titanium magnetite ore[J]. China
Nonferrous Metallurgy, 2011, 6: 29-33.

WANG Zhong-hang, ZHENG Shi-li, WANG Shao-na, QIN
Ya-ling, DU Hao, ZHANG Yi. Electrochemical decomposition
of vanadium concentrated NaOH
Hydrometallurgy, 2015, 151: 51-55.

SONG Wen-chen, Li Hong, ZHU Fu-xing, LI Kun, ZHENG

slag in solution[J].

Quan. Extraction of vanadium from molten vanadium bearing
slag by oxidation with pure oxygen in the presence of CaO[J].
Transactions of Nonferrous Metal Society of China, 2014, 24:
2687-2694.

FERKE, Bk, RIEPFREM V05 A
S AR S AR 2009(5): 47-50.
WANG Qiu-xia, MA Hua-long. Status and prospects of V,0s

R BUR KT

product research & production and China’s vanadium
resources[J]. Conservation and Utilization of Mineral Resources,
2009(5): 47-50.

Brooad, gk g JRIEGUFE DG B PR BE i) ], v 4 A
i, 2009, 10(5): 39-42.

CHEN Di, ZHANG Qiang. The profiles of vanadium industry in
China and its environmental
Collections, 2009, 10(5): 39-42.
woEF, EIRZE, ZEIE, RATHE. AR R R S
R T ERTH]. Wafi <z, 2010, 34(2): 291-297.

BEI Shu, WANG Zhao-jun, LI Qing-hai, ZHANG Yan-guo.

problems[J]. Metallurgical

Review of vanadium extraction from stone coal by roasting
technique with sodium chloride and calcium oxide[J]. Chinese
Journal of Rare Metals, 2010, 34(2): 291-297.

FENG Man, ZHENG Shi-li, WANG Shao-na, DU Hao, ZHANG
Yi. Solubility
NaOH-Na;VO4-Na,CrO,-H,0 system at 40 and 80 ‘C[J]. Fluid
Phase Equilibria, 2013, 360: 338—342.

XM, A wh, xR, EAUE, AL, k85 KOH W
IR R AT O[], PR G E SR, 2013, 23(4):
1129-1139.

LIU Hui-bin, DU Hao, LIU Biao, WANG Shao-na, ZHENG
Shi-li, ZHANG Yi. Dissolution behavior of vanadium slag in

investigations in  the quaternary

KOH sub-molten salt[J]. The Chinese Journal of Nonferrous
Metals, 2013, 23(4): 1129—-1139.

Hipal, # wh EOWE, 9k 8K, BRARH, ARE L
VEBUA B RS TR R (7], AEALE, 2012, 33(1): 15-19.
ZHENG Shi-li, DU Hao, WANG Shao-na, ZHANG Yi, CHEN
Dong-hui, BAI Rui-guo. Efficient and cleaner technology of
vanadium extraction from vanadium slag by sub-molten salt
method[J]. Iron Steel Vanadium Titanium, 2012, 33(1): 15-19.
WA, TR, M u, BRONIL BRI, T, Bk 8k
TS IR L. B IBOR ], A e 2 A,
2014, 24(8): 2171-2180.

PAN Zi-wei, WANG Da-wei, DU Hao, CHEN Gang, ZHENG
Shi-li, WANG Shao-na, ZHANG Yi. Extraction technology of

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

vanadium and chromium From vanadium slags in presence of
activated carbon[J]. The Chinese Journal of Nonferrous Metals,
2014, 24(8): 2171-2180.

t B, U, K 9, 2R, HERAL, sk B KOH /v
JZ U AR TP RN S PR PR Y e R S A . R AR
24, 2012, 12(3): 402-407.

YANG Na, WANG Shao-na, DU Hao, QIN Ya-ling, ZHENG
Shi-li, ZHANG Yi. Efficient crystallization separation of K,CrO,4
and K;VO, in alkaline multi-component system of KOH
medium[J]. The Chinese Journal of Process Engineering, 2012,
12(3): 402—-407.

B, ATl B, A W B W R DTN
LIRS0, 1R TRESAR, 2013, 13(3): 442-446.

ZHAO Chu, ZHENG Shi-li, WANG Shao-na, DU Hao, YANG
Na. Preparation of calcium vanadate by calcification of
potassium orthovanadate[J]. The Chinese Journal of Process
Engineering, 2013, 13(3): 442—-446.

WRIFAE. BB KRS BEVE S V.05 T 2F9T[I].
1992, 13(6): 1-9.

HERALER,

CHEN Hou-sheng. Technical study on extracting V,0s using
vanadium slag lime roasting method[J]. Iron Steel Vanadium
Titanium, 1992, 13(6): 1-9.

FRMGIR, ak—M, X)W, xR, B
ER VUL & i 2 V05 (KRB T[]
14-18.

KANG Xing-dong, ZHANG Yi-min, LIU Tao, LIU Jian-ming,

We, £ P R
L HTPRLEA R, 2008, 4:

LU Min, WANG Ping. Experimental study on preparation of
high-purity V,0s with acidic ammonium salt precipitation of
vanadium-rich liquor[J].
Resources, 2008, 4: 14—18.

HUNTG, BbREs, ¥ M, P S PR BB
T EW[I]. MrEafk T, 1999, 1: 16-18.

SHEN Xiao-qing, YANG Lin-sha, XU Min, LI Zhong-jun.

Multipurpose Utilization of Mineral

Technical study on recovery of vanadium from
vanadium-containing acid leaching solution[J]. Henan Chemical
Industry, 1999, 1: 16—18.

kst ESRTRRIR R V05 BT T 2RIFI]. Bk T,
1999, 12(3): 23-24.

ZHANG Zhong-hao. New technology study on smelting V,0s by
baking with calcium compounds[J]. New Technology & New
Process, 1999, 12(3): 23-24.

R, W 2, EUR, AL W, FBERAL, M 4. 40 CTH
75 ‘C R =7tk % NHHCOs-NH4VO;-H,O ' NH,VOs % 2
FIIE ).t HERE, 2014, 33(6): 1408—1412.

ZHAO Chu, FENG Man, WANG Shao-na, DU Hao, ZHENG
Shi-li, XIE Hua. Solubility investigation of NH,VO; in the
ternary NH;HCO;-NH,VO;-H,0 system at 40 'C and 75 C[J].
Chemical Industry and Engineering Progress, 2014, 33(6):
1408—-1412.

AR,

4
52 i:\ /8

8, T, xR, R, BN,



$26 5 9 W =

20, S BURPSHACE LA B AL IR S B A

2031

BRI A A BRLI. T E A e R AR, 2011,
21(12): 3162—-3168.

ZHAO Dong-feng, TIAN Lu, DING Rui-feng, LIU Gui-hua,
ZHOU Qiu-sheng, LI Xiao-bin, PENG Zhi-hong. Vanadate

removal from alkaline sodium chromate solution by adding

lime[J]. The Chinese Journal of Nonferrous Metals, 2011, 21(12):

[21]

3162-3168.

PR SN QUL N [ SN S A Sy o Y P S O R K £
AL, widBfk L, 1992, 1: 2022,

JIANG Fu-hua, ZHANG Ping, HE Qi-rong. Extracting V,Os
from stone coal by calcium roasting method[J]. Chemistry &

Bioengineering, 1992, 1: 20—-22.

Reaction rules of carbonization-ammonium process
producing vanadium oxide

YANG Hong, WANG Shao-na, DU Hao, ZHENG Shi-li, ZHANG Yi

(National Engineering Laboratory for Hydrometallurgical Cleaner Production Technology, Key Laboratory for Green Process and

Engineering, Institute of Process Engineering, Chinese Academy of Sciences, Beijing 100190, China)

Abstract: A new process which transforms calcium vanadate, the intermediate product during the previous

vanadium-chromium co-extraction by vanadium slag sub-molten salt roasting process, to vanadium oxide using

carbonization-ammonium method was proposed. The subsequent transformation of calcium vanadate and the vanadium

extraction using NH,HCO; as reactant was studied. The effects of CO,, NH, -V mole ratio, liquid-solid ratio and reaction

time were investigated. By controlling the reaction temperature at 75 “C, liquid-solid ratio of 20, CO, flow rate of 1.5

L/min, NH,"-V mole ratio of 1 and reaction time of 1 h, the optimal process conditions are obtained, which make the

vanadium conversion from calcium vanadate reach 97.35%.

Key words: vanadium slug; sub-molten salt; calcium vanadate; carbonization-ammonium process; ammonium

bicarbonate
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