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Table 1  Analysis results of multi — elements of titanium — zircon rough concentrate
oy TiO, 7:(HD) O, REO Nb, O, TFe P,0, ALLO, Ca0
T/ % 29.43 1.70 0.106 0.036 39.82 0.06 2.73 0.35
)% MgO MnO Si0, Na, O Ce0, Se /
B/ % 2.12 0.39 12.57 0.038 0.067 0.036 0.008 /

A1 1 Al A, BRES UG B BRBK Bk T M RIS, B
(58) BAFAE A g oC =M L AT 2R G AR Hof oo
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Table 2 Analysis results of titanium phase of titanium — zircon rough concentrate

N kb TiO, Rk TiO, LA/ A TIO, W Rk SR b Tio, M TiO,
/% 0.58 24.54 0.69 4.01 29.82
AYEIZ 1.95 82.29 2.31 13.45 100. 00

R3BREHUREH 0 S = Hrah R

Table 3  Analysis results of minerals content of titanium — zircon

MLA650 (650 R17 4 5 sh 46 4% ) M 22 4k B KL
W) A AR 3, A5 SRR RS B R A
L T A R AR RE R R ARGk gk rough concentrate

L v v aW/% iYW A% W A%
a‘!ﬁ%ﬁf\z‘%%ﬁﬁﬁ%ﬂf) m%%’fﬂiﬁf;%iwffwiﬁjyﬁt%iﬁﬁ, BT 1.6 RRE 0.0  BLE 0.00
HYON & R, > BRI L R BREERCHT 1,048 BRERET 0.060  HBEm 0.001

5 . = S JATA= W = > 3 AR 2.043 AHER R 0.001 A 0.022
%ﬂ*)ﬁﬁ,%ﬁr%ﬁéﬁEngﬂ%E,%iﬁr‘%I?% %%%Wh et o s ﬁm}i o 173
MEA DR WA R D R, R
AR NG A, RO A KA A

IR 11.585 S 0.002 WA 0.143
WYERYT 12.990 £ 2.648 G 0.003

. e A N R Rem- 35.039 [ 0.392 Ji A 0. 006
WA 55 . BRES MUK O ] B A o ) 2 W 0.049 MR 0.006 BeRG 0.158
BRBET, BPCERBR T, BACBR R, JOUCHBEBRET Bk B 0.3 IH 4066 ERMF 0.00

N, N s Fgk 0.529 el 0.717 Hoft 0.010
A0 A A 0.146  ESEEA 0.105 / /
Wbz 0.015 4EffmA  0.017 / /
R4 KBRS R YRR 73 A
Table 4 Grain size distribution of the main valuable minerals of titanium — zircon rough concentrate
HLEE S A1/ %
KL/ mm 3734 TRERET/ BRERH/
PN/ e Afka MiEA B g e
) BB RRRAREED  HRERERD ' "’
+0.30 0.95 1.52 0.70 0.58 / / / / 0.93
-0.30+0.15 21.55 22.24 14.30 25.08 16.02 1.56 15.61 69.07 17.94
-0.15+0.075 48.13 59.04 60.49 57.23 55.75 36.54 54.13 20. 81 62.48
-0.075 +0.045 21.10 15.19 20.96 14.57 16.97 31.03 27.63 3.55 17.01
-0.045 +0.02 5.95 1.66 2.69 2.09 7.12 21.03 2.30 5.83 1.42
-0.02 +0.01 1.55 0.23 0.58 0.36 3.13 7.49 0.12 0.46 0.22
-0.01 0.77 0.12 0.28 0.09 1.01 2.35 0.21 0.28 0.00
Gt 100. 00 100. 00 100. 00 100. 00 100. 00 100. 00 100. 00 100. 00 100. 00

MLA 0 BRES MR T2 A 0 IPRLRE S0 A 25 WEE 1) B e B 2, A 1 BR A R0 W O it 4, /N T
RRY &AM YRR /NG KL EEJE Y 0,045 mm RiZR 3 A 4638 5 30% LA L, %o H % [l e f5 —
B, EEAEHAE0.045 ~0.30 mm A4, J8 THEYE, RN, EHE A LR D, X EERIECREZIAR/N
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Fig.1  Microscope, reflected light. Various ilmenite and udde-

vallite contained in titanium — zirconium rough concentrate
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Fig. 2 Scanning electron microscope, BSE image Normal il-

menite particles
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Fig. 3 Directionally distributed hematite platelets in the uddeval-
lite with a longest width of about 728 nm. Scanning electron micro-

scope, BSE image
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Fig. 4 Leucoxene formed by partial oxidation of ilmenite in the
uddevallite. Scanning electron microscope, BSE image.
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Fig. 5 Fine — grained iron — aluminum garnet and apatite inclu-

sions contained in zircon. Scanning electron microscope, BSE image
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Fig. 6 Fine — grained quartz and magnetite inclusions contained in
zircon. Scanning electron microscope, magnifies 800 times image
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Table 5 Minerals distribution of titanium — zircon rough con-
centrate in different magnetic fields
i3/ mT YRR/ % B3R Y/EEN

100 16.71 A RN 3 RINR NS08

240 34,57 YRR BB, R BR IR R AT
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Fig. 7 Flowsheet of scavenging magnetic field intensity test
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Fig. 8 Effect of scavenging magnetic field intensity on
magnetic concentrate grade and recovery
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Fig. 9 Flowsheet of useful mineral magnetic grouping test
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Fig. 10  Flowsheet of rare earth coarse concentrate separation
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Fig. 11  Flowsheet of titanium rough concentrate separation test
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Fig. 12 Flowsheet of zircon rough concentrate separation test
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Fig. 13 Whole flowsheet of titanium — zircon rough concentrate

separation test
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Table 6 Test results of whole flowsheet
1 po 2% N
i 2%,/ : L/ Yo : [T/ % E’lﬁ]ﬂf{
Fe TiO, 70, REO Fe TiO, 710, REO /%
e 18.61 61.68 6.48 0.09 0.02 28.82 4.10 1.03 3.51 Fe
BRI RS 23.43 49.32 32.72 / / 29.02 26.05 / / 57.84
KGR 39.72 37.21 49.17 0.05 0.06 37.12 66.36 / / TiO,
SLLANET 0.35 / 77.86 2.34 / / 0.92 0.48 / 67.18
FEREH 1 0.38 / 4.56 55.79 / / 0.06 12.47 / Zr0,
FRE 2 1.12 / 0.82 65.04 0.04 / 0.03 42.85 / 89.28
HXET 3 0.95 / 0.79 60.78 / / 0.03 33.96 / REO
i ks w 0.10 / 1.43 0.18 63.16 / 0.01 0.01 58.99 58.99
hkrp - 6.84 / 9.28 0.113 0.09 / 2.16 0.45 5.81 /
e an 0.17 / 0.45 40.50 / / 0.00 4.05 / /
e 0.49 / 10. 89 0.16 0.41 / 0.18 0.05 1.90 /
yEy=etily 7.84 / 0.38 0.69 / / 0.10 3.20 / /
ERESHUR 100. 00 39.82 29.43 1.70 0. 106 100. 00 100. 00 100. 00 100. 00 /
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Study on Process Mineralogy and Separation Technology of Titanium — Zirconium

Rough Concentrate with Refractory Hematite in Malawi
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Abstract; The content of titanium minerals in the refractory titanium — zircon rough concentrate in Malawi is about 48% .
However, due to the complexity of iron and titanium distribution, there are many types of recyclable titanium minerals
and the magnetic changes are large. Meanwhile, there are existing some hematite with similar magnetic and density to ti-
tanium and some magnetic gangues with large specific gravity such as garnet and amphibole. When magnetic separation is
used, hematite, garnet and amphibole will enter the titanium concentrate affecting the grade of titanium concentrate.
Therefore, it is difficult to obtain qualified titanium concentrate by conventional magnetic separation or gravity separation
method. For a seashore sand — titanium — zirconium rough concentrate in Malawi, the research basis of process mineralo-
gy by MLA technology system and the mineral composition and the difference of characteristics between minerals were ob-
tained. According to the magnetic enhancement after hematite reduction roasting and the difference in electrical proper-
ties between magnetic gangue and titanium mineral , the process of “wet low intensity magnetic separation — dry magnetic
separation (reduction roasting — wet low intensity magnetic separation) — electric separation — gravily separation was a-
dopted, which can realize the effective separation of hematite and magnetic gangue which were easy to enter into titanium
concentrate. Finally, the titanium concentrate with TiO, content of 49. 17% and recovery of 66.36% was obtained.
Three zirconium concentrate with ZrO, content of 65.04% , 60.78% and 55.79% was obtained, respectively. The total
recovery of zirconium concentrate was 89.28% . Meanwhile, rutile, magnetite and rare earth were recovered comprehen-
sively. This study solved the key technical problems of difficult separation of titanium and hematite and magnetic gangue
minerals in titanium — zirconium coarse concentrate, and provided a technical way for the effective utilization of such tita-
nium — zirconium resources.

Key words: ilmenite; hematite; zircon; rutile; rare earth; reduction roasting; combined flowsheet of ore dressing —
metallurgy ; MLA
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