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Experimental Study on Comprehensive Utilization of an Iron Ore in Hami of Xinjiang
ZHANG Li, JIANG Shengguo, WANG Yushan
(Xinjiang Key Laboratory of Rock Mineral Analysis and Process Mineralogy, Xinjiang Uygur Autonomous
Region Bureau of Geology Mineral Experimental Research Center, Urumgqi, Xinjiang 830091, China)

Abstract: The Hami region of Xinjiang is rich in low-grade iron ore. A certain iron ore has a TFe grade ranging from 14% to
20% , with associated Ti, V., and P, and it is classified as an ultra-low-grade vanadium-titanium magnetite. To explore the
potential for comprehensive recovery of its valuable components, process mineralogy studies including phase analysis and
microscopic identification were carried out. The occurrence state, dissemination characteristics, and particle size of valuable
minerals such as magnetite, ilmenite, and apatite were determined. On this basis, experimental studies on dry pre-
concentration and the comprehensive recovery of iron (vanadium), titanium, and phosphorus were carried out. A full-process
principle flowsheet was ultimately determined as dry pre-concentration-flotation for desulfurization-flotation for phosphorus
recovery-low-intensity magnetic separation for iron-gravity separation for titanium recovery. An iron concentrate with a TFe
grade of 57.15% and an operating recovery of 34.31% , a titanium concentrate with a TiO, grade of 46.40% and an operating
recovery of 20.08% , as well as a phosphorus concentrate with a P, O; grade of 28.25% and an operating recovery of 53.81%
have been obtained. Rare earth element partitioning analysis was conducted on the various concentrate products obtained from
the experiments, and the results show that rare earth elements exhibit the highest correlation with apatite, with a rare earth
recovery of 60% in the phosphorus concentrate. The research findings can serve as a reference for the comprehensive utilization
of such vanadium-titanium magnetite resources in the Xinjiang region.
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Table 1 X-ray fluorescence semi-quantitative analysis results

Mk m AT aE el K. Fe V. Ti Ml P X 4 Ff
A M ICE T M — 20 1 A S BT E .

R AR A 2 F . TIO, T Ey 4.34%,
P,O; &k 1.93%,V,0; F& K 0.06%,Ag &t
05X 107° , Xof HE Ml 5T B8 A RS L Ak P AR AR AL
SMSHEEERN TR EETCEERZ I, EEW
P,O, B3k 3] [m i hr i, TiO, .V, 05 13T 45 4 Il i
%G5, fFAEITE CoNi,Cu & BHAK, L7t
FTAEA T
1.2 YMHESWER

XF I AT 43 BT B i 2 AT R 0 A 3 A RER P A 43
BT, I A 25080 DL 3 Nk 4,
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Table 3 Phase analysis of iron %
kA 4 TFe & TFe 43 fii %

T Ak T Bk 5.04 34.64
FERR R 1.50 10.31
BBk 0.11 0.76
TR B Bk 2.76 18.97
fE R 4k ik 5.14 35.32

E7S 14.55 100.00

B 3 AL 0 A o Y Bk 32 A T R IR kR
g K A R4y ol 35,32 % 1 34.64 %,
SR % S 55 R 2 TR A 3 R 4 (LB [l i R
34.64 %) AR BERR K M A48 8k (B T 43 A % 54.29%0)
oL 3K A3 LA g R R 5 A I R R
EPSN BN ESIIP S S

F4 HKMBSIT

%
Table 4 Phase analysis of titanium %
Fe Si Al K Mn Ca Ba
19.54 24.8 8.8 1.0 0.42 8.94 0.3 LYK BN Ti & Ti 53 i %
Ti S P Cu Vv Cr Cl BRREER gk 0.32 9.97
3.3 0.44 1.7 0.00 0.05 0.007 0.10 ERARAIL LT 0.40 12.46
Sr Zn Ni Zr Y Mg Na PR gk 1.54 47.97
0.09 0.03 0.007  0.007  0.009 3.90 2.3 [N RN 0.95 29.60
BBk 3.21 100.00
T2 HKESZTHWER
Table 2 Chemical multielement analysis results % HH 2 4 AT Bk E B A TER ke v, oA R
TFe MFe TiO, MgO  ALO;  P,0, g 47.97 %, FR Ay A T REBR R (29.60 %) A4 41 A7
14.55 4.75 4.34 6.50 12.55 1.93 (12,46 %) Hy &k 6 26 5 v Kk 10 4 i R I R,
SiO- CaO V.05 7Zn Pbh Co ,
0 DY N ey r R N
40.90 9.29 0.06 0.014 0.001 0.003 9.97%0, P RNIE D™ Jr ik Mgk 9 B i 7 )
Ni Cu S Cr Nb* In* fﬂ?ﬁ(ﬁﬁf,ﬁ;fjﬂi@@qﬁi%ﬁ 4797%0
0.002 0.004 0.41 0.002 5.15 0.08 1.3 THWABHE
Au” Ag* Sn* Ta* ., o P
T LA TSR B T IRER X TR AT AT

W SRR X106,
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Table 5 Analysis results of apatite electron probe %
e R 3 2k FeO P, 0O; CaO SiO; Yhs O3 CoO V.05 MgO
1 RO KA 8.05 26.92 54.40 2.75 4.48 — — —
2 WA AR A 1.97 37.27 58.90 — — 1.86 — —
3 wEap Ko 13.06 33.09 47.57 3.89 — — — 2.39
A 7.69 32.43 53.62 3.32
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Fig.2 Pre-selection principle test process
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Fig.3 Magnetic field strength test result
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Fig.4 Selected granularity test results
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Fig.5 Dry separation belt speed test results
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Fig.6 Magnetic separation grinding fineness test process
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Fig.7 Magnetic iron grinding fineness test results
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Fig.8 Grinding fineness test results of

gravity separation titanium
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Fig.9 Experimental results of high intensity

magnetic separation of titanium
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Fig.10 Flotation collector types and contents test process
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Table 6 Results of flotation collector types

and contents test process

7 (2 P2 Os ek

A 1 B R Ll S

K 8.06 21.64 83.66
— *%ﬁﬁl 200  H@ 2.89 3.47 4.551
3% : 400 B 89.05 0.27 11.53
FAET 100.00 2.08 100.00
STy ¥y 663 2471 80.58
£z 4 MEE:1 200 2.18 5.56 5.96
g Hik.400  RBE 91.19 0.30 13.46
TEEH 100.00 2.03 100.00
T By 17.08 10.99 92.46
go mesy  HLTE:1 200 HHT 1.21 1.18 0.70
AR B Hit.400  REH 81.71 0.17 6.84
e TAREERT 100,00 2,03 100,00
HLIE - it 9.09 20.19 89.75
ME -+ 1000+200 PE 2.38 3.23 3.76
4RI W 3k . B 88.53 0.15 6.49
330070 Fyemkg 100.00 2.04 100.00

Xt EE SR A A I R AR R TR TR ik 4 B
WCI) Y 2 ) 8 SR AL Al WA B [T AR g (EDRS 7
RGBT AL I S a6 e T — il AR R
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Fig.11

Number quality process of the whole closed-circuit test
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Table 7 Results of open-circuit test

7 i YEk AL/ % X R A Tl / 9%

EA PR/ % TFe P, Os TiO, S V505 TFe P, 05 TiO, S V205
kS0 5.67 6.25 28.16 0.50 0.20 0.02 2.03 78.65 0.53 2.31 1.62
BRAE 11.06 57.25 0.08 5.97 0.25 0.50 36.28 0.43 12.46 5.64 79.00
NN 2.90 36.65 0.06 46.60 0.08 0.09 6.09 0.09 25.50 0.47 3.73

T AE T 100.00 17.45 2.03 5.30 0.49 0.07 100.00 100.00 100.00 100.00 100.00

®8 2RBEARKEER

Table 8 Results of the whole process closed-circuit test

) P AL/ % Xt JECAT A 1R/ %
E2 TFe P05 TiO; TFe P;0s; TiO:
WK - 3.68  6.20 28.25  0.43 1.56 53.81  0.36
KT 8.76 57.15  0.09  7.96 34.31  0.41 16.05
BORT ™ 1.88  36.70  0.05 46.40 4.73  0.05  20.08
BH 49.13 10.60  0.25  3.58 35.69  6.36 40.48
i I 1.42  13.30  2.60  4.17 1.29  1.91  1.36
=200 35.13  9.31  2.06  2.68 22.42 37.46 21.67
J4T 100.00  14.59  1.93  4.34 100.00 100.00 100.00

F R I e L . T EAF LB P, O;
AR [Ty 78.65 % . HLFE KRS B 25 4 Ml i, 3

Pk TS %Sl 79.00 %

22 R A IS L, B A P, Os X R i
A 53.81% AR i A Y 32 2 D PR O Ak R
A E B TR MRS . 5K AT T b R £
BRIEERET R P 45¢ f  Te) AT T B U L R W Tk R
™ HP AR 0 VR L 4% T A 7
2.7 wmrramESHTR

i - 24 ¥ (Rare Earth Oxide, REO) B & N
190.7 X 10°°, P i s - o0 R A A 45 R WL 3k 9, Hoh il
K5 1 REO Bl 2 009.5X 10 %, B i 5 T Hifl
7

R BInEowm4ER

Table 9 Analysis results of rare earth elements X107°

PR Y205 LayOs CeOs PrsO1 Nd2Os SmyOs; Euz O3 Gd:Os ThyO7 Dy2Os; Ho2Os ErgOs Tm2O; YbyOs LusOs REO

R 40.4 18.40 45.3  7.30 37.7 9.50 5.30 8.60 1.40 7.60 1.60 3.70 0.50  3.00 0.42  190.7

TG 39.9 17.30 43.7 7.10 37.2 9.30 5.00 830 1.30 7.60 1.50 3.60 0.50 2.80  0.39 185.5

R - 316.0 237.00 565.0 87.00 430.0 97.70 45.90 89.20 12.60 65.00 12.30 28.30 3.40 17.80 2.30 2 009.5

BRERS B 2.1 0.72 1.7 0.28 1.4 0.39 0.21 0.35 0.06 0.37 0.08 0.23 0.04 0.36 0.08 8.9

PR 2.2 0.8 1.9 0.28 1.5 0.36 0.22 0.34 0.05 0.34 0.08 0.16 0.03 0.16 0.02 8.0

5 i (3) Tk ] 4 =y A3 a0 L A R R AR A 7
a7l

(1) A 2E a0 BT L R e T % 0 45 7 ik, A B
T AN A S E . BT PR
BRAEKD™ Y 0 A R RE 22 BOBOR ik A T 23R Oy AT
BRI ATRL AR BOML L TR o0 T R B0 B I A0 S W4
W RREY.

(2) SR FH“ V7 356 A — V7 355 25 3% ol — 59 M ok
PR > R TR KT T L R, IR AR TR
W BT BRSPS A5 R R
K TFe MR Ky 34.31% A5 Ti0, [k K
20.08% . AR AH 43 BT FEK W) AH 43 BT 2 B L
BRI BRIE ISR R 34,64 %0 VERER AT I BRIS [HTIACR Sy
A7.97% . X HCATN 2 B UK R R T R M Ak ) T
W, {EBK I e 3R A EK Fry =5 B D DR AR Bk 0 1
I T 20 R IR AT JRBET .

A AMTFHSIAE., TABMERET P.O; &R
2.06 Y0 » I T B85 T35 1547 5 A [l s

(D) W& S 0.41% , FE R H ¥R Bk
TS REEAY ., B4R RN X Fe Ti P =
m A BT R T DR 3 A T I R v 8 o i
T2 AHSE TR 6 #E 1 3 S 0 3% 5 P AR 5 JC 77 i
Wl I e R Bk L R Bk PR R I TS R A B
AR FIRABS.

(5) FHIERE IR0 48 b5 o3 B o 5 28 B [ i 32 T 05y
X P A5 4 RGBT R T R AR A L B
WE T KA S + s R E R AR, B KS 0 1F
AR B R A 60 %0, B 5T 45 R X e 2
i DX I A R R o i S B 0 % R LK R Ak
A Tl IR K R W IF R A H B A S %A
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