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Effect of CO, and O, mixed injection on the oxidation of carbon and
vanadium in vanadium-containing hot metal
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Abstract: To clarify the possibility of substituting part of O, with CO, during the vanadium extraction
process in converter, the oxidation of vanadiumTo clarify the possibility of substituting part of O, with

CO, during the vanadium extraction process in converter, the oxidation of vanadium-containing hot metal is

carried out on a laboratory-experimental scale by using CO,-0, gas mixture as oxidizer. The results show

that both the oxidized carbon and oxidation rate of carbon in the hot metal are increased with increasing
proportion of CO; in the gas mixture, while the amount of oxidized vanadium decreases with increasing
proportion of CO,. The amounts of oxidized vanadium and carbon are comparable when the CO, proportion
is 0 and 20% (volume percentage) respectively. The amount of oxidized carbon and vanadium is 34.56 %
and 96.85% respectively when the CO, proportion is 0, and the amount of oxidized carbon and vanadium is
36.83% and 93.29 % respectively when the CO, proportion is 20%. The ratio of vanadium oxidation amount
to carbon oxidation amount (AV/AC) is adopted to evaluate the effectiveness of extracting vanadium. The
AV/AC is 5.96 when the CO, proportion is 20%, and the AV/AC are all below 3.8 when the CO,
proportion is 40%, 60% and 80%. The vanadium oxidation rate increases in the early reaction stage and
decreases in the late reaction stage with increasing of CO, concentration.
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LR FHATF ST X SR BE LRI T BERRFE LA F 2 L. sl A=A 7 vl CO, Vb B2 50 LA FH & — Fh AE 5
T CO, WiHERAR B T ¥ KB IAREER AL LASH B CO, X Fp B SR A KA TE 1 BRI IR IR AL & W e Ao A 3%
8 Ll BRI (1 7 b TR BE A% oK TR A 2 BR R AE T Bkl CO, IYHERCR P VF 2098 A B G 4R 4k A
A farHE B2 CO, RIS 3¢ BLABCT R EAIFGE TAES " BT R I T L T AR H . 5 H2 4
T S Mn Ti.C PV S0 5 A AL 23 B0 IR B2 T o 52 e LA SR BUSOR . R — A ieox Jo 3 Ak S
O RIS AR R o oA AR b 30 P8 A ) T B B ol R 1 2R 47 5 L AT AT AR A AR R A Tk HE ik 1) CO. w2 CO, FEAR R
BTN —AH . R T RUEA CO, SMRBAUER Sy O, BEATHE I A AR PL A AT AT M FE S0 % AT T
CO,-0, IR A MR S5 . BF5E CO,-O, IR SRR b COV IR AL HLE.
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CO, fEREATNET 5 O, V5 A AT A0 B AR AL, Bk o Fe C.V SE0 4k CO, E LM B R IR
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AL (FeO) Fl (FeO) i s ik ABRIK H YL O X 8k W b 2% 70 R 19 Ak 5 S0 O AR R I 19 5 2 2 v
AR

FEARER S T KPR ILE S CO, N AR (2)-(9)

C+ CO, =2CO,

AG"=—0.172 7T + 168.37,k]J/mol, (2)

2V 4 3C0, = (V,0,) + 3C0,

AG’ =—0.007 6T — 117.30.kJ /mol., (3)

2Fe + 3C0, =Fe, O, + 3CO,

AG’ =—0.028 8T + 18.96.kJ /mol., (4)

Si+ 2C0, = (Si0,) + 2CO,

AG' =—0.000 4T — 169.82,k]/mol. (5)

Ti+ 2C0O, = (TiO,) + 2CO,

AG" =—0.002 4T —188.09,kJ/mol. (6)

Mn + CO, = (MnO) + CO.

AG? =—0.009 9T — 106.18,k]J/mol, (7D

2Cr +-3C0O, = (Cr, 03) + 3CO0O, A G°-T curve of the reaction of elements and CO,

AG’ =—0.003 7T — 89.592.k] /mol., ® 2 sop

2P +5C0, =P,0, +5CO0, '\\

AG'=—0.006 7T —7.795 LkJ/mol, (9 ~ °[ = Seee——
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Fig.1 AG°’-T curve of the reactions of elements and CO,
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Table 1 Composition of vanadium containing hot metal ( %)

TLE C Y Si Mn P S

JREES S 3.53  0.69  0.08 0.40 0.22  0.05

S B 1o REASE DL M 2o A SR AN [ ) 2SR R A Bl B (91 2 A 52 56 P SR P A 4R Tl Al 5 Al
99 %0 s AR A Tl 4l T A AR L SR S 9900, IR AU KA .
22 XWHE
S0 B S ) SRR AR EL BN 2 B
&2 0, 5C0, BRAMMKELH
Table 2 The proportions of the CO, in the CO,-0O, mixed gas
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Fig.2 Schematic drawing of experimental apparatus
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31 AECO, 2EEMEHFT CEAEHMEEK,

AR CO, B B MR A1 5 s R s () A8 b LA W & 3 fr s . (i I 3 T AN TR] CO, & B mEm & F
Hs by v Bk B BT ) SEE AN BT R AIG , E SE IR HEAT B 5 min B A A0 Ak o B HE O A B A b b ik ) SR B
TP Mg i Bk 1 AL REBE COL-O, BEIR LGB T i3 K. 24 CO, &k 20 YRRk i S fk itk 9.3%0,CO, &
Ry 80 Vo b Bk 1 S AL LIS B 1706 by BT R il 2R AL R I AR AL 2R T B 1 S AL R L B COL-O, BEIR L i 7
o e P S T 3R G R 38 B P A S A R R I TP AN A A RO T e (R . BE A Ak L B 3
T i S A 3 B SP-  J  E I AR

H A4 5 B 22 2P0 3R i) R R st C O, B A 0 TR B AR S 4k 3814 BB B I 52 3 I
Pl .

CO,(g) +[C]=2C0(g),

AG? =34 580 —30.95T, J/mol, (100
[O]+[C]=CO(g,

AG'=—17 166 —42.5T, J/mol, an
[O]+CO(g) =CO,(g),

AG? =—161 945 — 87T, J/mol, 12
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B AR — R E HEHIEA G AT .
32 AECO, SEMMEMHT VEIERMNEZEL
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Fig.3 The [C] in molten iron changes Fig.4 The [ V] in molten iron changes

RV A AL 52 DL SOy 4 il

2V(S)+30,=V,0,(S),

AG’=—1 202 900+237.53T , J/mol, 13
O, +[Fe]=2(FeO),

AG?=—440 000+12 526 T, J/mol, a1
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2[ V]+3(FeO)=(V,0;)+3Fe,

AG'=—544 700+217.2T, J/mol, (15)
2V(D+3C0O,=(V,0;)+3C0,

AG’'=—120 000—7.610 4T, J/mol, (16)
Fe+CO,=(FeO)+CO,

AG'=3 820—2 326.1T, J/mol, 17

HF O, sk, CO, 85 AR V AL F 2R 13D 5 A #E1F. VAR O, i
ARG . P VO SRR BE CO, B iR I .
33 RECO, ®EBMEHT VIHIELERRER EEN

NP 5 S B A Ak R B I ) A 8 Ak B TR ) CO, fr i S 2L B0 V0 48 A 3 25 B I ] 522 F e
oo FERNHEATE] 2min Z ] VYA AHERESH CO, & mmig K. WG V S L#E % L HE CO, &t
/N . CO, &ty 2020546 O, XF VA LRE I H3E . SRE LH X CO, Fi oy 20%0 546 O, X V 4
e LB EUE I3 3 R

®3 40, 520%C0, BERT C.V &L ELLE
Table 3 The oxidation rate of [ V] and [C] when CO, blowing proportion was 0% and 20 %

CO, &t/ % C/% V/%
0 34.5 96.85
20 36.83 93.29

VFZ W R R W] LV IFE R b 9 S8 AL R AR FT A H Y8 5 [ Fe ) A2 i (FeO) s fE B (FeO) 5[V ] i
eV, 0, . [VIEAEAEZ LU 20 (140 -(16) #17 .

0 3k A LR 25 BR A AR

D CO, 5 O, MY #;

2) CO, 5 0, H5[Fe]R M ;

3) et R LV )i R AL

) i (FeO) [ i R A3 LS

5) i 4 T SN 5

6) A= LAY (VL Oy 85 T S [ 3 o 1L

) AR Fe B 1 S50 200K 3L

H TS AAR I W T 38 AH X AR TR RS 220 A5 SR O M52 . R 2R TR 4 i s il S e ST Ak 2 B —
AT BOAR R A Ry S s ) BR A PR PR L f e i Z 06 P RO © . 7R B ] B T [Fe ] 23 S pl A A0 2R UK
H I (FeO) , I 5LV LV, 00 9 BUHR L BGL BROTT DL 20 . [Fe iy & AR K HEG B T 1, FI P 3R
@— M AAE R BR G EAR T . E L LB Hr ] JAL AL R VL (V00 L RN CO, 5 O, AYmEIK L
o4 1 o

W TRV F ik B S )R] AT B W8 VAR R A B R N . R VO R R AR R R
Refash . RONATHE . BT C Btk bl CO, & 5 (09 Fh i i3 K. A= ™ 91 COL BRI AR i 2 19 CO AR
X RR VBN T B R TG KT V5 A Ak R e B b o A Ak T VIOV O T sl %, T UAE [
NEHEATHE] 2 min ZH] V R ER S CO, FrFbmimig . RWETHHLVIFAEA FELHLVI (V.01
eyl . MR HATHE] 2 min J5EF [V IE EHE— P REAR, 200k S5O0 S 0 LV I KR 980 i 4 1 42 &
MLV IV, Oy B 5t 3R BN BT AL L S L 1) 75 28, X Nl 75 22 o 2 1) B sl b M R O, 4R 2 11
LOJARANM S TSZ RN FrfER M #EATH 2 min Z )5,V HAHEEXEE CO, & &It mim/h. &
JEMALVIREAL B CO, 5 O, [ Mk H 5 B 2 .
3.4 AR CO, EEBMMEHT AV/AC S 4L Lk 5 fE i 8 35 4

El 6 AN CO, & aMER &R V. C AR AL & 0 LU 5 B 0GR X R R RAE T AR CO, & &
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W W %A T 25 BRLOR B O BE 7 5 El T AT i CO, 5 32 20 6,40 Y0 AL SE 38 v AV/ AC B B 52N 1 R4 7328 7 1
K.CO, FitH 602,80 % PILL L AV/AC LB BE KR B BEAT HEAS QR AF AN . AV/AC HRE CO., & &
1o T /0N L2 B 2% B S B TE) T B hL K. CO, & 8l 200 B2 AV/AC 2 5.96,CO, % HE,40% .
6020807 iy fe 2 AV/AC H/hT 3.8, it i WA St A CO, & 52 20 903X 21 52 56 % & U fe A Fl . BE A
F Y VRS ER Sm] T C i BB T BRIV BRAY H Y .
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Fig.5 The oxidation rate of [ V] in molten iron changes when Fig.6 The AV/AC in molten iron changes
CO, blowing proportion from 20% to 80%
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