$41K 524 Aok X F F R (B KR HAF RKR) Vol.41,No.2
2020% 2 A Journal of Northeastern University ( Natural Science) Feb. 2020

doi: 10. 12068/j. issn. 1005 —3026.2020. 02. 022

thE BB KB T T E 0 5
BIEST AN E

TERE"?, Zmm'?, ke, F A
(L EBER B TRAFITAT IR ST i A T HR E R TR, U5t 100190,
2. PEBEAR SR TRITRNT SEdfS TRE MRS, La 100190)

it B XERAC SRR H S UK R B T AT I TR, R BRI S B R A BB
PR A A FE AR KT A B EREAT T IFoT 45 SRR W R AL R A FH AL AR R8T MPe b 37
SRRIN 13.26% ,12.84% Fl 1. 15% ; TiO, ¥ & 07 53 3 4 10.98% , 4.53% F1 2.02% 5 V, 05 1) & i 43 5] b
0.22% ,0.23% F1 0. 055% . &0 P~ MUK RGBT R E BR 0T BRI ) & i 0 W) o 0 2 22 001
BERAE R P ZORE  rF TFe ShA220 914 59. 21% ,66. 46% F155. 74% ;TiO, Shiisr5k 12.35% 4. 87%
H116.42% ;V,0, i3 514 0.928% 1. 142% F12. 07% 3 ZEAG A0 41 M (i i i , FEUC 7R | 390 FH e K.

X B W LAWY R SRR LKL A

FES%ES. TD 951 XEARAERD . A XEHS: 1005 -3026(2020)02 - 0275 - 07

Process Mineralogical Characteristics and Ore Value of Typical
Vanadium Titanium Magnetite in China

YU Hong-dong'*, WANG Li-na'*, QU Jing-kui'*, QI Tao"’

(1. National Engineering Laboratory for Hydrometallurgical Cleaner Production Technology, Institute of Process
Engineering, Chinese Academy of Sciences, Beijing 100190, China; 2. Key Laboratory of Green Process and
Engineering, Institute of Process Engineering, Chinese Academy of Sciences, Beijing 100190, China.
Corresponding author: YU Hong-dong, E-mail; hdyu@ ipe. ac. cn)

Abstract: The process mineralogy of vanadium-titanium magnetite from Panzhihua, Chengde and
Chaoyang is studied, and the value of the ore is calculated according to the spot price of iron
concentrate, titanium concentrate and the theoretical mineral processing index. The results show
that the grade of magnetic iron is 13.26% , 12.84% and 1. 15% , the grade of TiO, is 10.98% ,
4.53% and 2.02% , and the grade of V,0; is 0.22% , 0.23% and 0. 055% , respectively, in
vanadium- titanomagnetite from Panzhihua, Chengde and Chaoyang. The mineral contents and
mineral compositions of titanomagnetite and ilmenite in vanadium-titanomagnetite of different
mineral areas are significantly different. The grade of iron is 59. 21% , 66.46% and 55. 74% , the
grade of TiO, is 12.35% , 4. 87% and 16. 42% , and the grade of V,0O; is 0. 928% , 1. 142% and
2.07% , respectively, in iron concentrates from Panzhihua, Chengde and Chaoyang. Panzhihua
ore has the highest value, followed by Chengde, while Chaoyang ore is the lowest.

Key words; process mineralogy; mineral processing index; titanomagnetite; vanadium-
titanomagnetite ; ore value
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1 TANLZERSSH(RESE)
Table 1 Chemical composition of the raw ores( mass fraction) %
WEH TFe FeO TiO, Mn V,0; Cr S Si0, ALO, Ca0 MgO K,0 NaO P,O;
BERAE 27.11 23.61 10.98 0.15 0.22 0.009 0.52 23.16 9.35 873 850 0.08 1.31 0.07
A 21018 16.29 4.53 0.20 0.23 0.098 0.30 34.03 14.79 5.39 3.55 0.65 1.95 0.28
WM 11.28 13.53 2,02 0.03 0.055 0.001 1.21 46.46 13.62 8.22 557 1.05 3.04 0.08
*x2 TABHKHNKEYEIN
Table 2 Chemical phase analysis results of iron for the raw ore %
Faae: 6+ o i 98 i TSR 4 % a RE 7 R o M R R 7/ RE Y (L M AR R S R (183 Ty
ek It BRI 5 £ 3 A 13.26 5.26 1.05 0.25 7.29 27.11
BRI 53T 48.91 19. 40 3.87 0.92 26. 89 100. 00
g BRI T L34 12. 84 1.92 0.26 0.45 5.71 21.18
BRI 53 A0 % 60. 62 9.07 1.23 2.12 26.96 100. 00
51 BRI BT 34 1.15 1.13 0.99 1.02 6.99 11.28
BRI R 10. 19 10. 02 8.78 9.04 61.97 100. 00
x3 T ARBPKNLEYHELSFT
Table 3 Chemical phase analysis results of titanium for the raw ore %
7 b it B s BEMERRPER BB ER S4ATPER HAb gk BE
S BRI BT 74K 1. 66 4.87 0.03 0.02 6.58
BRI 3 A 2 25.23 74.01 0. 46 0. 30 100. 00
Rl NN 0. 56 1.41 0.39 0.35 2.71
ENE TS 20. 66 52.03 14. 39 12.92 100. 00
1] BRI T L 3 4L 0.23 0.95 0. 01 0.02 1.21
BRI s % 19.01 78.51 0.83 1.65 100. 00

HH 1 AN ZEAE PR AT PR AR R 2k vh
Fe MOSH 4300 R 27. 11% ,21. 18% A1 11.28% ; TiO,
HIE IS5 R 10.98% 4. 53% Fl1 2. 02% ; V,0; AY
PE43514 0.22% ,0.23% Fi10. 055% .

Y 2 TR 3 AT, 2R AE RS A PR h
RIS LW [HISCR 435 A 48.91% ,60. 62% F
10. 19% , Bk (1 PRI 36 0 [H1 SR 43 51k 74.01%
52.03% F178.51% .

2 PURRE R M)k

WA FR A R I A Bk H
I (B B AT 7 BT T LB
FImAR IR ) Rk Uitk LDAOEEE ROt

XL AT AR O A, LA KA R g3 A A 7
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PREEYR TP s ) & e EAT RS, b TRk 2
PLBR AR ICER B AL~ A0 23 B D 2Rt 20 57 )
A2 I AR A AN ER 2 JB T 0 5 i, oA
Y8 % & i MLA ( mineral liberation analyser )
Wy A il 28 e 2 ) R G TR A
BJEARART .
BRVPLER G R B0 M) AL L3R 4. i3k 4
AR BERAE RAEAN S PSR RE R h 2
W W) R BRRERA FIERER D™, B AT B My AR 25 &
A U220 BEBED T BRREER A AR R AT B 5t
PR FIERRE /Y77 3 700 R 22. 39%
F115.92% , 7REER 4351k 19. 32% Fil 4. 46%
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HIHW H 4351 M 2. 59% F13.07% .

x4 FAEAPHTYUAER(RESHE)
Table 4 Mineral composition of the raw ore( mass fraction) %

7 7 i i 51

" g? ek Bk g? R BT BRGSO %% Eﬁ%ﬁ ?E
B 22.39  15.92  0.11 0.02 1. 41 0.05 0.27 24.80 4.28 3.40 2.37  3.16
TR 19. 32 4.46 0.54 0.04 — 0. 36 0.24 1.20 — — 2.90 4.70

LS 2,59 3.07 252 0.15 0.67 0.62 0.84 2885 = — — 1489 0.34
T sz KA e SRR glin esia a0 KA BRGS0 HALDY

L ¥ia — — 11.08 0.32 0.02 9.68 0.11 0.29 0.10 0.02 0.05 0.15
RS 410 7.8 9.40 3.87 2.67 31.50 — 1.60 1.50 1.60  0.65 1.55
Cuilis) 1.83  0.25 42.02 0.15 0.33 0.34 0.11 0.09 — 0.24 0.02 0.08
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Fig. 1 Titanomagnetite consisting of guest ilmenite and main crystal magnetite in Panzhihua titanomagnetite
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Fig. 2 Titanomagnetite consisting of guest iimenite, spinel and main crystal magnetite in
Chengde vanadium-titanomagnetite

B3 EAPRASAHEERY P B RS MERUSY BT A MRSy
Fig. 3 Titanomagnetite consisting of guest-crystalline ilmenite and main-crystalline magnetite in
Chaoyang vanadium-titanomagnetite
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Fig. 4 Typical X-ray energy spectra of titanomagnetite from different areas

(a)—BEBHE; (b) —KME; (c)—3HF.

F5 BRI KEMEBARKESKYT MERZEAR (RESH)
Table 5 Basic chemical composition of Panzhihua, Chengde and Chaoyang titanomagnetite ( mass fraction) %

7 b 0 Mg Al Si Ca Ti A Cr Mn Fe
BiE 29.72 1.26 1.35 0.15 0.06 7.41 0.52 — 0.32 59.21
AR 27. 88 — 1.29 — — 2.92 0. 64 0.81 — 66. 46

L1 30. 62 — 1. 65 — 0.13 9.85 1.16 — 0.85 55.74
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Fig. 5 llmenite produced from the ore of different areas
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Fig. 6 Typical X-ray energy spectra of ilmenite

(a)—2EKiE; (b)—7RPE; (c)—WiH.

F6 KRS HEXRLZEN(RESH)
Table 6 Composition of ilmennite ( mass fraction) %

74l ¢} Mg Ti Mn Fe

AL 3216 3.53  30.60 0.69  33.02
TR 31.58 - 31.58 - 36. 84
wIFH 32.38  0.20  30.37 0.69  36.36
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PEERRE R AR I i 23 B 58.93% , K fE Bk

MR h 81.49% |, 5 BHEK WG 86. 11% 5 Al
U BERACAUVERRE B rh B G RT 1% 4 A b B2 A
Xif e AN, i AR A RN 5 BH ALK g 4k P AR RE Ak
(AT R BE LU IORL. 7E + 74 pm Bigi b B IR 4K
B SRR T BN 70.94% |, AR EER R
83.93% ,FHBHERERE 80. 92% .
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Fig. 7 Particle size distributions of titanomagnetite and ilmenite in vanadium-titanomagnetite
(a) —EKMERR™; (b)—BkEka.
F7 BRI REMFAPAKSET HWERIET IR
Table 7 Beneficiation index of vanadium-titanomagnetite from Panzhihua,Chengde and Chaoyang %
rm L [ i
R 77 i AR FrEER
Fe TiO, V,0;, Fe TiO, v, 0,
Rt 22.39 59.21 12.35 0.928 48.90 25.18 94. 44
Bk It BRE 15.92 33.02 51.00 0. 000 19. 39 73.95 0. 00
==X0n 61.69 13.93 0.16 0. 020 31.71 0. 87 5.56
JEa 100. 00 27.11 10. 98 0.220 100. 00 100. 00 100. 00
i 19.32 66. 46 4.87 1. 142 60. 62 20.76 95.93
gl BoRE B 4.46 36.84 52.63 0. 000 7.76 51.82 0.00
B 76.22 8.79 1.63 0.012 31.62 27.42 4.07
JEA 100. 00 21.18 4.53 0. 230 100. 00 100. 00 100. 00
ks 2.59 55.74 16. 42 2.070 12. 80 21.05 97. 48
1 AT 3.07 36. 36 50. 62 0. 000 9.90 76.93 0.00
B 94.34 9.24 0.04 0.001 77.30 2.02 2.52
JEa 100. 00 11.28 2.02 0. 055 100. 00 100. 00 100. 00

RIS ERAG T (ST ) kB RS
(IR A LA S BE AR5 AR XS 0 47 BN (B T
TR (L 8) . Bk 0 BT A8 4% 62% T~ L8k
WA 629. 33 ST/t I8 K 10. 15 J0/ (- ) 5
BRI  JAED R V,0, i 14. 73 JT/kg HUpT
Hr (FE 2l V,04 165 Ji/kg, K A HEEUR 50%
F15.60 [IHFE RBGEHATITMY) 5 EKAF A% TIK46
Bk 1225 Jo/t $1540 26. 63 JU/ (t- ) M (S
%2019 44 H 25 HEWEHKG B0 Flm ol

V,0, BHHE) . e 8 W1, KL AR A BH
BUEK #E 4k 0 09 0 A 8 53 3l S 381.44 Ju/t,
225.34 Ju/t A1 63.93 Jo/t; Hrp R AL G M E
HREAS T B TTR R O 43, 32% BRSO Y TR
h 56. 68% s ARFEL A B (8 Th BRRS B 09 TTER R N
72.26% EKKE U B STRR AR 27. 74% s AR A
PP PG 1 TR R 35.27% , BRRG AT 119 DT
B 64.73%
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Table 8 Ore value of vanadium-itanomagnetite from Panzhihua,Chengde and Chaoyang
W7 e PR/t M/ (JC-t) A/ TT BT/ %
BRAE BTN 0.2239 737.96 165.23 43.32
BRAEH 0.1592 1358.13 216.21 56. 68
i 1.0000 — 381. 44 100. 00
) BRAGH 0.1932 842.79 162. 83 72.26
BRG 0.044 6 1401.54 62.51 27.74
SR £ 1.0000 — 225. 34 100. 00
Wik BRAGH 0.0259 870. 67 22.55 35.27
AT 0.0307 1 348. 01 41.38 64.73
JEW £ 1.0000 — 63.93 100. 00
Characteristics and current utilization status of ultra-low-grade
N N magnetite resource, and suggestion on its exploration and
6 én 1/|’:

1) BERCE RTEFNSH BH ARG e b 2k i) iy
P40 27. 1% ,21. 18% F1 11. 28% , Hor gtk
SRS E 5k 13.26% ,12.84% 1 1. 15% , TiO,
f i 62 43 1 A 10.98% , 4. 53% Fil 2. 02% , V,0;
(RS2 4314 0. 22% ,0. 23% A1 0. 055% .

2) PUEKREER D ks H 898 90 SR E 2k
FERERA™ , AN R A4 7 b v s I A 4 19 % £
BT 3 22 ). e b R TR A S AR
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BRRG T  S B BRRE gk rh S L A m , HRA
PR AR &R S 1R L SR AR TE S B
AR S — MR R Y S LR

3) ARTEPUBRRE R rh BRRE B0 AR R 1Y
AR B, FUOE R PR FIEZEAET, i Tl
W) ) b ATORE FE AT R0 AR AR S T3] i sA B4
TR AT IR Z.

4) B A ETTHASE AR B AL RS
SRR RE R0 (0 A (B 530 8 381. 44 JT/t,
225.34 Ju/t #163.93 JU/t.

5) L T2 YAt s e A (e I
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