W5 A5 RS A WA 208 )
2026 4F 8

TR E e R
A Hydrometallurgy of China

Vol. 45 No. 4(Sum. 208)
Aug. 2026

A HV RN 8- 7 D 4 R A 1 08 40 K ok e
A wkoe
S B R AT A L AT A

(1. ATk K2 MR R S TR, 280 &8 230009;
2. KITIRIE 4P fbe TR PE , P 408000;
3. KEHLT R MRIRRE S TR I K 0300245

A AP B A A EL I A

615000)

TEE 4SBT b 2R AR S 2 M DL B ] L BT ST T LA R S R O R L S D ol R A
AR 27 R IR S BB T R M ALy, BT UK pHOR BRI R A B LS IR 8RR a0 A
27 G AL TRk OB X B B R IR B L THO, [ R THO, A 4 Bk B 2 B R e, OF
AT T R B . 25 R R TSR BE R AN & 500 o/t K R IG5 BR Al 35 ke/t. 27 W& 1 mL,
pH=9 &4 T, F & =% b LiFE =i & 5 ik 25, 85%, TiO, Bl 3k 42, 23 %, TiO, & i 18
14.93% , A4k i /3 803K 15. 22 %05 % 6 WIF R P AR VE A, H HIF =Y B 5 ik 71. 72 %, TiO,
MR IRT5. 81 % , TiO, i hi ik 27. 84 %, &8k A 43 B3k 24. 49 20 538 i XRD K& FT-IR 43 87 w] 0, 10 46l
3075 s B R 0 0 A T St R AR R S T R 0 A A 2R R S R T 5 Bk Bk R T R Il B LR

WF G 2L 4 THIE e ROR .

KW ARERB KW RIG R ; 7S I B R 41 5 1% 35 5 70 8 s LBk

FESES:TDI23 X ERFRIRAD : A
DOI: 10. 13355/j. cnki. sfyj. 2026. 04. 006

BRAE g — Tl B 2 0, LA T O v iR L T )
b S0 S A B e s PR RE L Tz T =S A
KVBEST TR TREAF QU H AR B R 3
T 206 1 4 2147 1 98 Y0 IR R i 20 . BBk 0™
S HP I Y 2 B B W L 2 0 A A DY )1 P
XU BRER R AR BB ARG R AR R R
AR 5000 L o S R A AT
Wi, PRI LA A e ) LA BT s HX R T o
Ok Z M, BT RS RRE N R f ek
9 T2 B i S B R R R kSR Y SCHE . H R
PRERH™ 5 UL AL B] T 20 F2 B B Rk PR A .
TR AR O AR G A BT A7 AE REAE W L 1 ) R A

Y #s B #:2026-04-15; 11T H#8:2026-05-11

X EHES:1009-2617(2026)04-0500-10

A5 AT 5 T 0B — Tl R T W 22 S Y O B
5 AERE BT ) R AR AT A I R R
R R S I T R 22 5 I B RE AT K
B AR ICH AR A B 2 BT L R A A
LT S A U A B Tz i T

FIAT . A7 — 265G T LU Y52 JF5 I8y 4 WG
FEIEBRBRE BT ST . AnSR ] Ph*T 5 AR R G TR
L TR REBRER A 5 2R 1 25 18 A 1R 3 ] L W3 A
T BB I P ROCR s R = S R R
5 W2 i R 1 = 50 21 5 4l WA 4 o BBk AT T e AR
P I (E8 e SN 22 DO R 7/E /N
R It — A BR R 2 R T 50 %0) 5 fik R #h

ELWB LA AEDITRHHETH (2024hb008) 5 Bt Ll F 22 WF & 11X (24 YYYJ0025) ; T # 1L T BHE 300 H (XJCL202506) 5 P4 & T Bl H 10

H (QYCX-2025-04,QYCX-2025-03,CGZH-2024-02) ,

E—1EHE/ N XN 2001, B W58 A, FEEWF5E 5 ) R ALK IR ZE A R .
BIEEEEN ZR0FQ985—), B 4 WFoT 5, FEIF W AR IRZE A AT . E-mail:jwli@hfut. edu. cn.
AR (1980—) , 5, Wi+, M R AR, EZWF5E Ty 1) AR IR L5 5 FI A . E-mail : linyinhe2009@163. com,



545 B 4 )

XN T 25 < 2 H R I TR i 8 TR 7 B 2 S R BR R T A N L A B + 501 -

MN TIRA R R SEAT IR 5 B, S bR 0 Y 0 A1
S, OO S5 RERR SR AR A AR R L N TR A ML
B SEPRER R R VR L A B AR . A, DA
VG b XAV Bk Bk B VR b Rk, REMF R T
>R FH 2R 2 Ml TR - O ol T2 0 201 45 245 391 77 3 T i
BRANER . HET pH R R W B2 G 8 L 410
390 7 it e T 0 P o AR TR0 27 vl P o A R R
TR B RS, 8 T AR A S8 I At
XRD F FT-IR 434 17 25500 5 47 9y 18] 19 0 Bt 53 25
BLHIE > LAY A Bk 2k BB 1 s 480 32 Sl 2 it — ]

EHE,
1 REEHH

1.1 RIEER

IR JFORE O [ 2R P X Rk R R, S SR AR
AR, ALK AN 9. 07 %, Ak TR A B R
11.65% . i kidz g 62. 252 pm, FH X S 4755
ACCXRD) A6 90 4 AH 843 25 R an &l 1 fr s, Al
WK U E AR, Z R IR A Rl R
BRE OME A MR A VR A R RE AL, B
ERERD A A MG R 2 2 E S,

1—FeTiO, 2—Ca(Mg,Fe)Si,0,
3—(Mg, Fe),SiO,
4—Ca(Mg,Fe*,Ti*)(8i,Al1),0,
S—SiO24

3
3 1

WA

3
o alalb kil

10 20 30 40 50 60 70 80
20/(°)

B 1 $KEEF B XRD EiE
Fig. 1 XRD pattern of ilmenite tailings
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Fig.2 SEM image (a) and EDS elemental analysis results (b—i) of ilmenite tailings
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Fig.3 Effect of pH on flotation with benzohydroxamic acid only

M 3 Ca) Al AL Bl pH TR . BT R R
i e & TiO, B i 32 556 T J5 BE AR T =
FoopH=3 W, Bk Y I & &7 b S TiO, [l i
AR 0 7.9% .6, 43% . F UL W) R A
BN 92, 1% s pH=12 B, 7% 779 & 5
te & TiO, [ & ¥ ik & K EH. 7 5 K
58.22%.68.48% , N UL =W i & & b
41.78% . A 3Ca) B ] 1. pH Ab T & 1 &
PRI 77 7= W B G I T R AT
M spH=9 B, LI a5l TR 26%
A, X EH R pH>8. 1 W, v W h A 84 43
MR R 5 R (BHA) 4> ¥ 5742 5 BHA™ B 1,
HH 22 0 TC A AR SR B P A, S 3R
B R R pH i m I L OH B 1
x5 BHA ™ B 135 4, DI B0 137 0 & 5 1b

T

Hi 181 3 Ch) AT J1, B pH JF &, B3 77 9
TiO, i o7 52 58 B AR 5 T 1 BRI Tt
FopH=3 Bf, L9 TiO, 5 A7 5/
7.37% ., FULH R TiO, S 9. 54 % ; pH=
12 0, E = s TiO, o A 3k & K. N
10.64% ., FUL=®H TiO, 502 H7.79% . pH
EIEE Y TIO, & 0L 7E TR R A 1 R G AR T B
PESAE FE R TIO A 4515 R
i 7 AR RE— 8. B 3(b) I A, B pH
FEEs . BTR b A A A B e D S B
K#a# . pH=5 W, 72 75= 9 28 i & 0 8
/N, R 12.08% , FULF=H i & Bk R & 0 Bl
12.12% ;s pH="7 B, F7F /=9 o & 85 & 5 5
R RAA . 13,05 % , L™ 9 & 8 5 & 4
Bl 12.37% , TRIE b 4 Bk T A 4 BOAE 5
Ve T R TSR, X TR h TR



545 B 4 )

XN T 25 < 2 H R I TR i 8 TR 7 B 2 S R BR R T A N L A B + 503 -

&M T RIERIEF —C(OONHOH 5 Fe'' &
SN BUBE & W0 O T Wb e g, AL T
pH=1 3% g & & T i, J6 3k B A& 2 ) e &
Yy, PR A B A B T s TS R AR F L T
M4b TRk R A 1 B, % B A RO 23 Bl
I BRPE 2% R R Y A Bk BT R A B R R TR
PRSI RS R i R T G R T

100

=
b=
#,

100 J:‘i?% EST V=4 —-TiO

a

o0
(=}

TiO, B /%

80

(=
(=}

2 5 B
= = g
40 Sl=
i 60 = E
i = B
£ 40 ==
L 5 E
8 20 = 5 20
B —4 EP=
o z=lzElz 5 o
1 23456 7 89101112

A pH B A R R0

2.1.2 MAXREBRN RN
HUEK 8K R BT 20 g, ok il A B & W R N

14.28 /LW & 3, m A Hf d ) % W32 5

35 kg/t, M A BERREN 1 000 g/t KM F %

SN A 2R R Ml 1R R S i 9 1R 4 2% 1 . pHL X

P 52 e X 25 R ] 4 TR .

25.0 f-a - L¥RPEHI(TIO)) -4 - LIRF=#I(TFey] 22
22.5 --o - FULF=H(TiO,) -© - F UL #I(TFe) 18
AL A
g 200 ¢ A <
A 175F IO 14
= sl 878-R=07y 2 BRF B
o - A A -~
£ 125F N . ' 2
L RSP o -6
10.0F &y 30 +
7.5 & 1 1 1 1 M 2
0 2 4 6 8 10 12

a— T 1L BT HE B TiO, [ 5 b— 37 08 7 4 o THO. b AL B 42 B BT i 23 8

B4 MAEREZBBMAEHBRAZET pH XiFEH M

Fig. 4 Effect of pH on flotation with benzohydroxamic acid and sodium hexametaphosphate
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Fig.5 Effect of sodium hexametaphosphate dosage on flotation
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Fig. 6 Effect of benzohydroxamic acid dosage on flotation
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Fig. 8 Effect of flotation times on flotation
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Separation of Valuable Components from Ilmenite Tailings by Benzohydroxamic
Acid-Sodium Hexametaphosphate Flotation Process
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(1. School of Materials Science and Engineering s He fei University of Technology »
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Abstract: Aiming at the characteristics of complex intergrowth and intimate association of various
mineral phases in titanium-iron tailings, which lead to difficult mineral separation, this study adopts
benzohydroxamic acid as collector, sodium hexametaphosphate as depressant and 27 oil as frother to
realize flotation separation of valuable components from titanium-iron tailings. The influences of pulp
pH., benzohydroxamic acid dosage, sodium hexametaphosphate dosage, 27 oil dosage and flotation
stages on the mass proportion of flotation products,TiO, recovery rate, TiO, grade and total iron mass
fraction were systematically investigated, and the corresponding reaction mechanism was further
discussed. The results show that under the optimal conditions of sodium hexametaphosphate dosage of
500 g/t,benzohydroxamic acid dosage of 35 kg/t,27 oil dosage of 1 mL and pulp pH =09, the mass
proportion of floated product reaches 25. 85% ,the TiQ, recovery rate is up to 42, 23% ,the TiO, grade
is 14. 93% ,and the total iron mass fraction is 15. 22%. After six stages of flotation,qualified flotation
concentrate is prepared, with the floated product mass proportion of 71. 72% , TiO, recovery rate of
75.81% ,TiO, grade of 27. 84% and total iron mass fraction of 24. 49%. XRD and FT-IR analysis
results demonstrate that the depressant sodium hexametaphosphate can exert an obvious inhibitory
effect on pyroxene phase and silica. Benzohydroxamic acid is capable of generating adsorption behavior
on the surface of titanium-iron tailings particles, which remarkably improves the overall flotation
separation effect.

Key words: ilmenite tailings; benzohydroxamic acid; sodium hexametaphosphate; flotation; separation;

titanium dioxide



