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Abstract

In the present study, the thermodynamic evaluation of the sulfate-roasting process was conducted to extract vanadium from
the Korean vanadium titano-magnetite ore. The leaching efficiency of vanadium and other impurities was analyzed for varying
roasting temperatures and addition of Na,SO,. In the case of sulfate roasting, the roasting temperature was 200 °C higher than
that previously observed Na,CO; roasting. However, the higher leaching efficiency of vanadium and lower leaching efficiency
of other impurities, such as aluminum and silicon, were observed. The high selectivity for the extraction of vanadium in sulfate
roasting would result from the reaction mechanism between SO, gas and vanadium concentrate.

Key words : Vanadium titanium-magnetite (VTM) ore, sulfate-roasting, vanadium, thermodynamic calculation

- Received : March 25,2022 - Revised : April 1,2022 - Accepted : April 1, 2022

$ Corresponding Author : Youngjae Kim (E-mail : youngjae kim@kigam.re kr) / Kyeong Woo Chung (E-mail : case7@kigam.re kr)
Resources Recycling Research Center, Resources Utilization Division, Korea Institute of Geoscience and Mineral Resources, 124
Gwahank-ro, Yuseong-gu, Daejeon 34132, Korea

(©9)The Korean Institute of Resources Recycling. All rights reserved. This is an open-access article distributed under the terms of the

Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/3.0/), which permits unrestricted

non-commercial use, distribution and reproduction in any medium, provided the original work is properly cited.

49



50 AR - A4 - wraA - A

1M

rhu

NP gEHel A B A A 718
Ko] sl ol B7}] 2] @ wolelo] Fere o
A B0 T, 51}, W7 5 chok Rofold e
B ET AT, R 53] 74, Qulgo] 43 A
71Ejo] w0} B S PN B 2t 2 |
£o BhIES O 1 kel F/IE ZES T o] ol A4
A7 % 90, olelat BHo2 Al uhE Akl
80 %% A7} A1RlollA] M2 MRIE-S AzeRe 71 2
2 Z8E T et 209 A7 Hivks @] ARsAt
of| AFRE]R] QAQFA I, AR YAV Q= AFS22] 45 %
ololi WL g0l AL ELTL YUtk Bl B B
ZJ(U.S. Environmental Protection Agency: EPA)0| At
Q] 7128 TEA7]7) AL =S A3 Aol
A AA S AAEAA AQHIE EoloF 5, o]of w2t
2025W7HA] A AP 85 %7} Bl ee AR
Ao = o/t o]2dt Ak 54 Qloj® vk e
< Fold HAdE 2= 20 & dEA Qlrh Holdt W
A0 2 kg a2 Bkt B8-S 2HShs Tol L 4
Aol ] ARSHTP. 5t HbgE-Elo|Ebg T2 Hol
W EIRE 5408 P A HEl Sl 5}
5 2opollA ZEHI gloH, SHAE HA F55HA
= E4 0= vhvbE2 A HHoA F23 3-8
okg 7HA 1L QItP). 1 dtof] AR A ‘:—'1/—\—
9] <t sfelEm), 2AE A4 A|Fo] ol 8EaL Q)
o} Hiug9] 241 A8 Folkee 17| ofuA] Al &
|2 Ao 2 7| == vhhg #l52 S84 A|(Vanadium
Redox Flow Battery: VRFB)Z, QAISHIES Y&
2P
AR AAA vhbEC] 9 88 %= Hhg 3 SHElR
dAJ(Vanadium bearing Titanomagnetite; VTM) O 2 XL
B )7 9tk 25 9 o)z} Estol: ol
SFVIM 42 A7 34 £ A44 459} S5k
8699 9 4k 2 THS ool B L e
P28 AEl, WhbEol 14402 53T PhtE
<L) tisto] Atk Hid: 78S ESto] Hiukg= 34
SEaL Qi o] 23t -85 ST} Ak FEE R EhvEC
55 4 GuilaE 5% FUE T4 o, vhvks o
Ejebd A FES A3 Gullasto] &0k WA &

Hm

Resources Recycling Vol. 31, No. 2, 2022

x

gol o gorme|7t gol=, 25, Hebd SolA &
AL Ut AR B¢ Horzel7t F3t=2] Highveld
5740l FA9] ¢ dotme|7 s el=t £52] Xstrata
T7go] iAot 3% &, 589 5 Si, Mg, Al 5
9] EEEs APISHL vhbeS YiE ESHdTclE
U s HEREOlE FEjR 4S5t HFH R
£ 99.5 % o]A}o] QABMIIES dir) & = T
7 4 7 EY2E SIS ERRT,
A 24w glov, Wb w4 3ol tiet Aejsh 7]

T 9 wRE S 4 AR QoA B

72 @77+ 8 Aoz Zefsich

A4 9 =3} Bolo|A] I4%E A7} AR o9 49
Z7hot i A5 58 A 5 RS 4249 54
o2 Hikg 8= FF 35T ASE AEHY, 35
Fzof oA ot 8 TVHE HESE = e Tl
AT Aol FA Rt vhs e B
Aol ARGl Bt H &= e 356l g 2
ofe}t =9] ol Moz oESaL Tt SHARE itk
T 5u< SAlBkE Eotxel7h S, #Alore] 37kl
AA B O Ao o2 3He THAE ¢
HhtbE 7H0] 952 fdol 21, ol B¢ 4o &

A A= 2 opgo] oV wekA 2k )F
H gl I ko) AR Al 2 Eﬂoﬂ/ﬂ U & v
FOEREH S 3T o A= 7le e 284

o] SH=EAL -

L2 1_¥°ﬂ/\1“ FA 7715 ZAA AL Q= Bt
U o SRR AREE o183t vitee Slas]
A%t 712 A= ek via S 24 37 2700 o
g eIt 2 249 vAE ¥ =2 9
TS 5t B4 HrHE w3

dl

flo

r&lﬁm

X l-N'n

o, AP0 £5E HA9 Yol vha 2703} A}
AL ATE v wsto] s} uljA ZA Ao 0101 REX]
WSS EEIT PO ul40] WS I AUZS Bels)
3} sk

2. M3

2 Aol A TRIBAOIA AL Bt T

SHEIEH A (VIM) AJo] Thstel, k) ol <2l Aol
A B8 71 Qol RS S 0.44 wivs( @A}



FRLE VIMO R M 5158 ¢

g BHE A 0.78 wi%) Q] g AL, o]t o] o
5lo] 33} w4 AF-S 3513 1000, 1100, 1200 °C
25O HIAY 7| R A] %3G thH] NapxS0,9] FAMIE
5,10, 15 wt%= W3] 7| A A 315} 84 229} Nap,SO,
A7V Wslof| g v 53150 Y2 Delstkal
o}, 3} A F AR @} Shelof| whE WS WskE
WA517] flsted, Wig 7S AMSSHRIH: 241712 &
shHia &, 3leE Alae AR F, 90 °C 259 SF
SOl A WHES SHHA] 4A17E Bt FAES 35T
o|% & GHoA HiLhES T2 e A &2
up g EAHS Foto] EASI3I T 5 "olble
HRLE O] TS Eelst| flsto], 315 & ZHo| o
okl 2 FAEF 0.1 g2 1 g9 BE HESEHO|E
(Lithium tetraborate)@} Z39}5}0], 72 Trpyof £945}
At} o]F o= ZFAR F91717F AlojH 1000 °C2] 4
A IFRA 1A B9t BA s, o NS
oAy, Az Eafete] A4 ElE Zgste] &
5] BaAIR] &, Eetxnt £ B4 Bolo] vhvke
e B4 FEA o= v JIEE2 A (1)
< &oto] A= YA

FRZ ST VIR + P15 VER ()

100 T
Roasting temperature

b & 11000 °C 11100 °C ] 1200 °C

(3]

90
85| — B
80 [
75 B

65 B
60 E
55 - p
50 - B

Leaching efficiency of V (%)
~
o

45} -

40 1 1 1
5 10 15

Na,SO, (wt%)
(2)

o o4 3o @ty grt 51

Fo} a4 ¥H8-0] FohA 1A HliM=AdE €Y
} AL AT E0]Q] FactSage 8.1 ©]-&3ltt. thoF
2% 2Z01M FUFE VIME] 27442 o]t &
12 B Adefofl gk AlikE S=3stich

r_?_lt‘ e

i)

3. Za A nF

3.1. gst A Z=40j| M2 HiLEE2| 2= 7S Hal
1-(a)=Na,SO, T 9 2% H3}o| ik V,059]
YEES TR 290tk AT NaySO, AgollA Hi
42 257} 1000 °CoflA] 1200 °C22 71l uhet vt
F AEES BT 376k AS ET 4= A3 E3
1000 °C, 1100 °C9] I A v 2E o4+ Na,S0,9]
01 5 wite, 10 wite2 271310l vt v e 328
2 Z71oit 15 wie WREoR 7heol wek vluiEe)
WBHE 43 7200 AL WIT 5 AT, A
1200 °COJlA = Na,80,2] ego] S7 et et vhhEe]
HAEEE Z7151H, 1200 °C B4 2%E9] 15 wt% Na,SOy4
E 7K AEOIA 90 % 529 HiUE $UEES ¢
4L 4 3%l ol A& F V| == 4800 mg/L
S5k of= QN Nkosi 50| B3 49] ) v 2
7 25211 1150 °C o)== & AA|5k= 209, Fot
2|7} 538}=2] Bushveld Complex2] A4 sZojl A A
ol%l Bhbg o AEHEAS ]85 24171 &3} uf

Fig.

100 T T T
Roasting temperature
= [—]1000°C
< g9l [CJ1100°C R
< [J1200°C
4
Y p—
5 -
5‘ 80 - - =1 A1
=
2
2
E 7l 1
o
£
S
@ 60 &
[}
-
5 10 15
Na,SO, (wt%)
(®)

Fig. 1. (a) Effect of Na,SO, addition and temperature on vanadium leaching efficiency (b) Effect of Na,SO, addition and

temperature on sodium leaching efficiency.
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Fig. 2. Phase stability diagram for the V-S-O system at (a) 1000 °C and (b) 1100 °C.
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Fig. 3. (a) Formation of SO, gas with varying temperature (b) Formation of liquidus Na,SO, phase with varying temperature

when Korean VTM was mixed with 5 wt% of Na,SO,.
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