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Experimental Study on Flotation of Ilmenite from Fine Grinding Deep Separation Tailings of Micro-Fine Iron Concentrate
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Abstract: Taking the fine grinding deep separation tailings of micro-fine iron concentrate in a factory in Panxi area as the
research object, the TiO, grade is 19.51% , and the gangue minerals are mainly pyroxene, chlorite and amphibole. According to
the characteristics of the ore, BY series inhibitors were developed and used with MOH collector. The optimal reagent dosage
was determined by inhibitor screening test, inhibitor dosage test, collector dosage test and pH condition test, and the flotation
closed-circuit test was carried out. The results show that considering the grade and recovery rate of titanium concentrate, it is
determined that BY-3 is used as inhibitor, the optimal dosage is 1 500 g/t. the optimal dosage of MOH collector is 2 500 g/t.,
and the pH is controlled at about 3.5 during roughing. Through the closed-circuit process of “one coarse. one fine and
desulfurization, combining one coarse, one sweep and four fine, as well as returning the intermediate ore in sequence for
titanium selection”, the ilmenite concentrate with a yield of 30.98% , a TiO, grade of 46.94% and a TiO, recovery of 74.54 %
and the tailings with a TiO, grade of 5.27% can be obtained. The research results can provide a reference for the efficient
recovery and utilization of the same type of ore.
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Table 1 Multi-element chemical analysis results of raw ore

%

TiO,  TFe S MgO  SiO; AlLO; CaO  Hfh

19.51  20.57 1.35 10.04  21.33 9.42 5.72 12.06

2 1 AL RE b TiO, SR 19.51% , TFe
EA R 20,57 % s MgO, SiO, . Al, O, . CaO &5z 43 5]
4 10.04% .21.33%.9.42% .5.72% 5 S W §h AL 58
BET 1.35%,

R T EAZRE S BRLBE A A I O X RE AT T
o B SRR 2,

K2 BONWER

Table 2 Screening analysis results

AR TiO, TiO, TiO, i &

B/ 2%/

R UL RS my ak BUME
%% % /%

+0.075 4.98 100.00 5.41 1.38 100.00

—0.075~+40.038  20.89 95.02 17.63 18.88 98.62
—0.038~+0.019  28.67 74.13  22.78 33.48 79.74
—0.019 45.46 45.46 19.85 46.26 46.26

S 100.00 — 19.51  100.00 —

M 2 oM, BEA —0.038 mm FREAHN
74.13%,—0.019 mm 7 & 5 oA 45.46 %0, AAORL
FEAR ., 7E—0.038~-0.019 mm K% Bl N, TiO,
LB .l 22.78% . TiO, 7£ —0.038 mm 43 4ii
A3k 79.74% 4E—0.019 mm 4M R Al ik 46.26 %,
1.2 BTFHNIZTWERAR

XEH AT T T A0 Yo 8 28 5 &
BRI 3,

®3 BETHIETYNSE

Table 3 Content of main minerals in raw ore %
R SRR REWEETT Ma &ledn A HoAte
35.80 0.71 3.13 16.22 13.40 12.33 18.41

i o A A A B R L A B R )
B K L PR, HE L AT AR
HRER R 22 SRR R B B AN L B R B R R A
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A7 25 kA T T A (L ) 45 4 L X R R Ak
KL AR — B AE 10 pm DL ME 5 bR A A B, B
AN B TR A B R R S P R R R
A g A A SSARAE L SR U8 A WY R R i A s
B HE AT 3SR, 5K ER T R % % A, BB REE T
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Fig.2 Process of desulfurization condition test
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Fig.1 BSE images of ilmenite under electron microscope
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Table 4 Test results of desulfurization collector screening

BBl RIF I mRAEK R/ % SENL/ Y% S IR/ %
TR TAE 5.79 7.83 34.91
WEY 2 10.81 2.19 18.22
R 1 83.40 0.73 46.87
SR 100.00 1.30 100.00

""" REHEZ RS 657 6.67  33.00
TR 2 9.50 2.03 14.52
WE 1 83.93 0.83 52.48
S 100.00 1.33 100.00

""" TEEE  mAE 5.65 322 1419
WEY 2 8.84 1.71 11.79
TR 1 85.51 1.11 74.02
SR 100.00 1.28 100.00

Y 2% 4 T, TR B 24 MR A R B A
S LIk 7.83%, S IR 34.91 %, B TR
FEB (S ST S [ #8532 6.67 96.33.00%4)
T £ # 25 (S Fh A2 A S [ Ui R 40 o 3.22% .
14.19 %), PRt o ff o 3BT ACSR) Ry T 6 B 25,
2.1.2 B YR A A i

il H,SO, & h 800 g/t, 2% M &k 21
g/t BRIR T BB 24 Y Ak, R AT S AR SO 0 i
ESRINE 3 FiR,
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Fig.3 Test results of desulfurization collector dosage
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Table 5 Test results of desulfurization activator screening

WARIFZE  oma PR/ % SR/ % SERER/ %

WP318 TR - 7.71 8.13 48.61
mEY 2 15.17 1.67 19.67
s 1 77.12 0.53 31.72
5w 100.00 1.29 100.00

""" EM506  GffH° 1178 5.63  49.03
mEY 2 18.19 1.48 19.90
WEY 1 70.03 0.60 31.07
J5 " 100.00 1.35 100.00

"""" Na:S  GMEH 821 6.86 4110
TR 2 18.90 1.80 24.84
WEY 1 72.89 0.64 34.06
JEH 100.00 1.37 100.00

"""" FT-1 Gk 6.60 811 40.29
Ry 2 16.72 1.81 22.78
mED 1 76.68 0.64 36.93
JE A 100.00 1.33 100.00

H 2 5 A %0, WP318 1 Jhy Jii i 1% b 751 i), B s
WS SR 8.13% .S %K 48.61% . F& 4% i
T EM506 Na, S.FT-1 {1657, A it , iff e I8 4 1% Ak
7k WP318,
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Fig.4 Desulfurization flotation process
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Table 6 Whole process test results of desulfurization flotation

R e Y S &L/ % S W2/ %
TAE Y 9.67 8.06 57.73
WEY 90.33 0.63 42.27
S 100.00 1.35 100.00
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Fig.5 Roughing condition test process of titanium flotation
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Table 7 Test results of inhibitor screening for

rough separation of floating titanium

o il 700 25 B 7= i R/ TiO; TiO;
I/ (g/v H % L/ Y% meR/ %

TE A 7R LR 57.41 23.97 69.74
JE=27n 42.59 14.02 30.26
i W 100.00 19.73 100.00

COBEER(2000 EKHRES 6406 28.72 93.17
R 35.94 3.75 6.83
iR 100.00 19.74 100.00

CHUEERREN (1 000)  EKHLKSHT 65.53 28.29 94.07
==Y0n 34.47 3.39 5.93
i R~ 100.00 19.71 100.00

COKBEEE(L 000)  ARMUKEWT 6270 29.14 92.56
B 37.30 3.94 7.44
TR 100.00 19.74 100.00

""" BY-1(1 0000  4kHLKE®™  67.07  27.94  94.87
=200 32.93 3.08 5.13
Wi W 100.00 19.75 100.00

""" BY-2(1 0000  4kHLKSH™  63.78  29.01  93.69
JE=27n 36.22 3.44 6.31
R 100.00 19.75 100.00

""" BY-3(1 0000  4kHIKE®  67.36  27.89  95.19
R 32.64 2.91 4.81
Wi RW 100.00 19.74 100.00

e 7 AL, 5 JE I AR B L 45 2 0 2 RE
BER TR 5 19 TiO, A & e, Hidr,
BY-3(1 000 g/0) R ML, EKHAE O TiO, Mg
ik 95.19% , S T A A R de e, B AT TiO,
2,91 Y, Ui W JH 00 ] bk A 280 R B R, BROHLRE
TiO, &7 (27.89 %) WA T /K B ES fl BY-2.[HZE &
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Fig.6 Test results of inhibitor dosage for

rough separation of floating titanium
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Fig.7 Test results of collector dosage for

rough separation of floating titanium
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Fig.8 Results of pH condition test

Hi & 8 Al BEE pH B K BORD ™ TiO,
A7 S 34 IS BEAR, LR e FRAR T & . 2B %
JEERE B 5 A7 B [T 0 3 48 A, B L E 1 pH 45 4l
TE 3.5 &£,
2.4 FFEEILIE

I B AR A IR BT L B T IR KRR Y
PAR S F N /i S 2T K DA i 7 W iy 8 N
N IR A R LR 8,



256

gL B R S5 A

2025,45(9)

HRAREN: ot

3 min

g 11

3 min

HiE 1l

HEY

2 min
2 min
3 min

i

H,SO,: 6000
BY-3: 1500
MOH: 2500
Sl 200

3 mi 5 min
min H.SO,: 400

BY-3: 300

i 1

2 min H,SO,: 200
3 min MOH: 400
ik

3 min
H.SO,: 300

3

H:SO4: 200

min

3 min

3min X [,50,: 200

FEIE IV

3 min

KT

®8 FRIABHER

hE

B9 FEAKRE

BT

2 min

FHER

Fig.9 Open circuit test process
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Table 8 Open circuit test results

TiO, HEWZ 50.22 % MK,

R

VL

TiOz f /% TiO, MR/ % 2.5

N
i
PN A
TEYE R
B R 1

20.83 47.19
40.88 17.68

4.63 20.83
33.66 4.61
100.00 19.57
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Fig.10 Closed circuit test process
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Table 9 Closed circuit test results

N TR % TiO; fifi/%  TiO, MR/ %
HAE0 30.98 46.94 74.54
2 59.30 5.27 16.01
AEY 9.72 18.97 9.45
SR 100.00 19.51 100.00

A& 9 T, P TR A R
30.98%0 TiO, fh i 46.94 %% IRy 74,54 %4 1Y
BORED. TIO, Fh 5.27 % B RAT .

266 FARE
2.6.1 ZILEMLZENM
BRI Z o0 R AL F AT A R WL AR 10,

R0 KRBT ETEUEFIWER
Table 10 Results of multi-element chemical analysis of

titanium concentrate %

TFe TiO: MnO S CaO MgO AlO3; SiO;  Hih

32.11 46.94 0.68 0.53 0.37 4.49 1.10 1.27 12.52

HIZE 10 AT BRRE A rh TiO, A28 46,9400,
TFe fifily 32.11% , EEBZRBICRE N MgO, & &
A4V KGR SEZ .S F N 0.53%4.S10,
Al Oy Fl CaO S L5512 1.27%6 1,106 71 0.37 % .
2.6.2 ffiz o3 H

BRORGRLBE > Br 45 R I3 11,

11 KBYTHRESHER
Table 11 Particle size analysis results of

titanium concentrate

o MEM  TiO, TiO,  TiO, i
(S S B VU Y YR S
% % % R/%
“+0.038 10.87 100.00 46.27 10.70 100.00
—0.038~-+0.019  31.67 89.13  47.43 31.95  89.30
—0.019 57.46 57.46  46.93 57.35  57.35
i 100.00 — 47.02  100.00 —

fe 11 v] 1, BROKS 7 kL B B A, B AR P AE
—0.019 mm K%k, TiO, J3 MK 57.35% ,
2.6.3  JUhh KA

XFERAE B HEAT T80 W2 7 b ke 2 L A5 BORS
W B Y R B IR 92.7 060, DA
A 0.9% MEKTE B A A 1.3 % BIBRAL D . ik £7 2 3 AY
H 5 Y. BRI BB OB S A B A, R
T 20~70 pm Z 0], BRLAA AR B8 BE BT, 7E 90 %6 DA
FORMBBENRRERY RS KA A O A S

AEA . IRABOR D 0 Bk A 9 & 5 R
fE 10~50 pm Z A, AR ES B AR 60 %0 LA 5 IR A
B B AL R EEAE 20~70 pm Z [H], LR
B RETE 800 LA b UK E B IR A B Ik A1
W) A ARSI AT AR, BB AL ) A

3 Hik

(1) JEH RS s A & w8, 0 13.40%,
BT MR R T BY Z 8030 5, 3K 56 6 oY R
B, BY 250 304 50 S 80 T A L R U8 A A5 kA B
P i 3 B M A AL 4 C R GR MOH. il T, T 4R 45
TiO, f KT 46 Yo RS0,

(2) XFF TiO, fh ik 19.51% B JEH, 2R
MOH 1E Al . BY-3 18 R 3 i 5, i 0« — 4 —
K AR — — ML — DWW , v I 3 ] 36 K 1 A 3%
TR A FRAGE R A 30,98 % . TiO, fhifih 46.94 % .
M2y 74.54 00 MERKE B F1 TiO, Sh AR 5.27 %
R .

(3) T Z U R s w5, SO
TiO, Shi A 46.94%,S Sk 0.53% ., M4 CBhoRs
W CATDYCYB 4031—2015) b5 ME W] 01, Bk kG b S
mn PE A /NT 0.35 % A AT IA B TIK46 & i, H i fk
YR RE T AN L XE DA I R VR S T BEAIBR . H
JE R A B 0 7 BEARAG, AR S 0 5
TR IR A E .

% % 3B (References) :
1] 37— J% 5B o B o5 I S A 1 BB i 0 5

U 2 A T8 4 9 5 100 B[ . T B B 95— 2 o 357 o

) T2 ,2021,13(4) :381-391.

LIU Wei, FANG Yibing, KE Jiajun. Overview of

comprehensive utilization research on chemical metallurgy from
Panzhihua mineral resources by Chinese Academy of Sciences[]].
Journal of Engineering Studies,2021,13(4) :381-391.

[2] SRV, skfd. b 0 Bk 98 IR A0 A B s A L) 1Bk olk 3R %, 2006
(6):8-12.
WU Xian, ZHANG Jian. Distribution and characteristics of
titanium resources in China [ ] ]. Titanium Industry
Progress,2006(6) :8-12.

[3]  IRAm>%.fREE. 250 55 BEVT PLBK RE 20 M b 0 B R BR &%
KBRHBLIA A -2021,30(4) :26-32+40.
ZHU Fuxing, JIAO Yu, LI Liang, et al. The status and
trends of mineral processing technology for vanadic
titanomagnetite in Pan-xi area[ J ]. Mining and Metallurgy,
2021,30(4) :26-32-+40.

L4 BRigMe, A IRAE SRR 4G, 55 PUBK RE 2k 07 25 5 Il o F 5t e
(0B, 2023,39(1) 2 7-9.



258

gL B R S5 A

2025,45(9)

L6]

[7]

(8]

CHEN Haibin, ZHOU Zhenhua, ZHANG Zuojin, et al
Research progress in the comprehensive recovery of vanadium-
titanium magnetite[ ] ]. Modern Mining,2023,39(1) ;7-9.

TR TR, L SRR R R L AEA B e T
MR R ERELLEVG & & F TR ER%]R,
2019,35(5) :1-9.
ZHANG Jinliang, LU Ping, FAN Xingxiang, et al.
Research status and prospect of reduction-grinding &
magnetic separation process in nonferrous metallurgy[]J].
Journal of Kunming Metallurgy College,2019,35(5) :1-9.
K5t A7 WM 7T, A6 B VG L A L R TR BR Bk
B e SE B WL ] LA R AT 2023(4) < 27-34.

DENG Jian, YANG Yaohui, YAN Weiping, et al. Recovery
of ilmenite from an ultrafine fine particle material in Panxi
[J]. Multipurpose Utilization of Mineral Resources, 2023
(4):27-34.

FEA - 2 2 T A R, S5 B Yt DX TRl 20 L B Bk
WD T LML =45 R 2023(4) :55-61.

YAN Weiping, LI Weisi,» YANG Yaohui, et al. Research on
mineral processing technology of ultrafine ilmenite resources
in Panzhihua-Xichang areal[ ] ]. Multipurpose Utilization of
Mineral Resources,2023(4):55-61.

PRI, L L, R A5 28 TRl A R BK Bk BT IR A [l e R T
W AR I].971R ,2014,23(6) . 14-17+21.

CUI Yiqgi,» WANG Kai, TONG Xiong, et al. Study overview
of recovering refractory fine ilmenite resource[ J]. Mining
and Metallurgy,2014,23(6) :14-17+21.

TR, B AR T A B P AR R R L 2 O
FELI1H 77 255 A, 2020(3) - 131-135.

YANG Yaohui, HUI Bo, YAN Weiping, et al. Research on
process mineralogy of fine ilmenite in Panxi area [ ] J.
Multipurpose Utilization of Mineral Resources, 2020 (3):
131-135.

(1o0]

[11]

[12]

[13]

[14]

THREHE X PEAE AR L AF BT B A W) — M AL BK oK A 4R
Bt 55 I LT WFE 5 9 %2 . 2024, 44(7) : 251-257.
JI Zhixiong, LIU Shenghua, HE Jianqgiang, et al. Research
andpractice on improving the quality of vanadium titanium
iron concentrate in the first phase of New Baima company
[J]. Mining Research and Development, 2024, 44 (7).
251-257.

SRR, TR 22 S BT L W R
T ERAFET T M F 5 5 I % . 202444 (1) :197-201.
ZHU Zhichao, ZHANG Shaoping, LAN Zhou, et al. Study
on process mineralogical characteristics and optimization of
magnetic separation process of an iron ore mine in Hainan
[J]. Mining Research and Development, 2024, 44 (1).
197-201.

ENTT R et =, 3R WG L, A5 8 1 3l 0550 3 A ) AL A A R
W B AL IR . 2 J8 1, 2023(8) : 50-57.

YIN Wanzhong, LONG Kaiyun, ZHANG Xishan, et al.
Collecting effect and mechanism of mineral collector talc on
malachite[ ] ]. Metal Mine,2023(8) :50-57.
MIETTINEN T, RALSTON J, FORNASIERO D. The
limits of fine particle flotation[]J]. Minerals Engineering,
2010,23(5) :420-437.

AT T B G B AR M L R R i e R LB ) A
4 8 T8 ,2020,10(8) : 76-82.

YAN Weiping. Study on new beneficiation technology for a
refractory ultrafine ilmenite ore in Panxi[]]. Nonferrous
Metals Engineering,2020,10(8) :76-82.

XU DU, R R0 745 B ) 43 8 TF 5T BOIR R R
[T B W B TR 22241, 1997(2) : 36-39.

LIU Siging, ZHUANG Guzhang. General situation and
strategy of the role of surface force in ultrafine mineral
particle seperation[]J]. Journal of Kunming University of

Science and Technology,1997(2) :36-39.



