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Experimental Study on Combined Process of Magnetic Separation
and Gravity Separation for an Ilmenite Ore

SHI Yunpeng, LIANG Bin, LI Shiwei, LU Manman, ZHANG Hanquan
(School of Resources & Safety Engineering, Wuhan Institute of Technology, Wuhan 430205, Hubei, China)

Abstract; In order to comprehensively recover titanium resources and iron resources from a low-grade ilmenite ore, an
experimental study was performed for the ore by a process of low intensity magnetic separation ( LIMS) followed by
regrinding and re-concentration to recover Ti and Fe therein. The results show that LIMS with ore at a grinding fineness
of —0.074 mm 84.78% can yield an iron concentrate grading 62.82% TFe and 3.62%TiO, with iron recovery of 51.32%,
presenting a good recovery of magnetic iron; the obtained LIMS concentrate is subjected to high-intensity magnetic
separation ( HIMS) consisting of one roughing and one cleaning, followed by gravity separation with a shaking table,
resulting in the obtained Ti concentrate grading 40.81% TiO, at 18.47% recovery. It is shown that both Fe and Ti therein
can be comprehensively recovered.
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Table 1 Multi-elemental analysis results of raw ore %

TFe MFe T102 SIOZ MgO Alz 03 CaO Vz 05 S ‘}:)%9‘5

23.93 11.01 8.02 32.67 4.66 10.07 5.32 0.23 0.51 0.092
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Table 2 Analysis results of iron and titanium phase in raw ore

JLHE RN FRREM) /% SR/ %
TRk Hh 4k 0.20 0.84
T Ak Bk Hh 0.40 1.67
PN IR 2.62 10.95
B REMRA Tk 4.83 20.18
R ik 11.01 46.01
R ek 4.87 20.35
At 23.93 100.00
R gk 0.72 8.98
P Ak 0.78 9.72
S & AR LN 6.52 81.30
A 8.02 100.00
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Fig.1 Principle flowchart of test
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Table 3  Effect of grinding fineness on magnetic separation indices

-0.074 mm R ., FAL/ % IR/ %
Ko/ % Gk /% TFe Ti0, TFe TiO,
KB 2245 51.84 421 48.63 1178
69.90 Bw 7755 15.87  9.12  51.37  88.22

5% 10000  23.95  8.02 100.00 100.00
WHT 2341 5320 3.92 52,04 11.44
75.43 BW 7659 1498 927 4796  88.56
5% 100.00 23.93  8.02 100.00 100.00
WA 2094 60.21 3.60  52.69 9.41
84.78 BH 79.06 1432 9.19 4731 90.59
Z5%°  100.00 2393  8.02 100.00 100.00
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XoF 555 0 R KRR B AT P PR e, B A
~0.074 mm K% 5 89.00% F1-0.045 mm K% i 76.50%
SRS ERE A5 BE 120 KA/ m AHIERLZREE 96 kA/m,
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79.59% AHH" TFe ik B T 66.15% , TFe 1EL M1k
FRREER T 93.46% . LGB IR AL M3 e REFE
SN FEEE AN 4% -0.074 mm KL% 5 89.00% .,
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Table 4 Re-grinding and re-separation test results

o \ L/ % Pk 81 R /%
A Z;/;' F!E‘Fl/k% TFe Ti0, TFe  TiO,
K5 9336 62.82 3.62 9741  93.88
;:‘).33.40(;“‘;: = 6.64 2355 336 259  6.12
T 100.00 60.21  3.60 100.00  100.00
K5 7959 6615 2.82 93.46  62.35
é)'%'.ssggf EH 2041 18.04 8.60  6.54  37.65
H 100.00 60.21  3.60 100.00  100.00
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Fig.2 XRD patterns of iron concentrate and mixed tailings

from LIMS
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Table 5 Test results of lateral inclination angle

of shaking table surface

kg e el WL/ % Ml 3/ %
WeEE/(°) ST /% TFe  TiO, TFe  TiO,
1 755 334 372 174 3.09
2 10.01 8.02 433 554 477
1 3 41.94 1465 445 4243 20.55
4 3872 17.69 1547  47.90  65.95
5 178 2436 2876 299  5.64
1 17.54 380 586  4.60 11.30
2 2720 1522 694 2859  20.77
2 3 39.74  17.03  8.69 46.74  37.99
4 1418 18.62 1695 1823  26.44
5 134 19.83  23.76 1.84  3.50
1 26.31 8.07 586 1466 16.96
2 3871 1624  7.83 4342 3334
3 3 2936 17.16  11.63 3479  37.56
4 530 18.26 1930  6.68  11.25
5 032 2029 2497 045  0.88
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Table 6  Effect of magnetic field intensity of HIMS

on ilmenite separation

W E, PR 7Rl AL/ % PR [T %/ %
(kA -m™)  HAF PE/%  TFe  TiO, TFe  TiO,
W 1428 2590 2632 25.54 4135
360 BH 8572 12.57 6.22 7446  58.65
&5 100.00  14.48 9.09 100.00  100.00
W 1958 2376 22,18 3213 47.78
560 B 8042  12.22 590 67.87 5222
45 100.00  14.48 9.09 100.00  100.00
WH 2786 2230 1925 4291  59.00
800 RO 7214 11.46 517  57.09  41.00
UF 100.00  14.48 9.09 100.00 100.00
WH 3454 2191 1873 5226  71.17
960 BH 6546  10.56 400 4774 29.83
UF 0 100.00  14.48 9.09 100.00  100.00
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SR HH 5 3 - SR A I R A S RE SR TR A& R
[SCER Bk B, 8 1 R A % W 37 8 B 43 0l R 560 Al
960 kA/m , ¥ R PR IS [7] 3 B2 4y 10 ik g R 03k 7,
EIRSRW SR L - AR O A — A S
AEKIFEESRTL , SRR SRR B 560 kA/m B,
PEATE TiO, fiih 22.18% , H 1% v] LI453] Tio, &
34.95% AEAL [P 28.67% KW [FISCR 15.55% 1) 1%
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Table 7 Test results with combined process of HIMS and
gravity separation
WiE, Wik R i3/ % PRl e/ %
(KA -m™") =8 ZE/%  TRe  TiO, TFe  TiO,
2.08 9.72 9.96 0.85 0.88
7.72 20.45 11.68 6.49 3.84

560 17.65 21.53 12.65 14.88 9.52
54.31 27.02  24.65 54.90  54.00
19.24  28.26  34.95 22.88 28.67
14.49 15.8 11.33 10.45 8.77
960 34.44 19.63 14.51 30.86  26.68

31.24  26.16  22.17 3730  36.98

1
2
3
4
5
1 6.02 610 756  1.68  2.43
2
3
4
5 13.82 3126 34.08 19.72  25.15

FFERR, SREGTERLVERL 58 B 960 kA/m ), HEBE A
TiO, sk 18.73% , B #E Al LIFKAT TiO, il 34.08% ,
FEME TR 25.15% 6 JE AT [R1ISCR 17.909% 1 3% 51 48
bro ZRE75 1 TiO, [BICEAN TiO, ah i, sk ik #i 37
558 B E PR 960 kA/m
224 —H—MiRAERL-F IR

XoF T 55 8 AT PR BR, SR FH B G 32 - o 8 Yt A 3 )
FEPRECAT EAED TiO, i 34.08% , 48R KA EIR
ISR SR MKt T2, i — PPt s ik
TR AL ST, DUAS 2 & S B 7 SR
PEA S RE I 8 E 960 KA/ m A5 M358 560 kA/m,
XTSRBEEAE T P T R 1, 3 R IR T K3 10,
—H— Ko - F a0 25 R WL 8 ~9, —Hl—AF R
Tk k- R AT ARAGAR A 7 2R 26.46% | TiO, it fii 40.81% |
Ti0, [FIR 43.16% K A5H"
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Table 8 Test results of HIMS (one roughing and one cleaning)
WasAHR R/ IR il FAi/ % FEL IR %
(kA -m™) AR PE/ % TFe  TiO,  TFe Tio,
MRS 3454 2191 1873 5226 7117

960 MRS 6546 1056 10.56  47.74  28.83
MIELAT 100.00  14.48  9.09 100.00  100.00

IR 4827 2339 25.02 5153 64.48

560 WA 5173 2053 12.86 4847  35.52
FEELAH 100.00 2191  18.73 100.00  100.00

®9 ERXBEER

Table 9  Gravity separation test results

. \ F L/ % Rk %R %
TGRS rj/f%i/k% TFe Ti0, TFe TiO,
1 12.57 8.92 5.45 479 2.74

2 15.89 13.44 8.76 9.13 5.56

3 17.25 18.08 2279 13.33 1571

4 27.91 25.62 29.43 30.57 32.83

5 26.46 37.28 40.81 217 43.16

23 £REKE

SR - o - B 3 4 I R 0 0 e R R AL
B3, JR 85 mise, vl LIS 3] % 19.55%  TFe i
62.82% TiO, i 3.62% NG H 7= i, TFe [HIJICR Ny
51.32% ; 55 0 5 B8 0 28 ik G e 1k, v LAAR B R
3.63% TFe i 37.28% \Ti0, fhiv 40.81% (KRS0 7
i, TiO, IR 18.47%
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