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Research Progress and Development Direction of Wolframite Flotation Reagents
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Abstract: With the continuous exploitation of wolframite resources, the raw ore gradually tends to be poor and fine. Flotation
has become an effective means to improve the recovery efficiency of fine wolframite. In recent years, study of flotation
technology has mainly focused on the development of flotation reagents. Taking the development of wolframite flotation
reagents as the starting point, the development of collectors, activators and inhibitors in wolframite flotation was introduced.
The combination methods, advantages and disadvantages and indexes of reagents were described in detail. The flotation process
mechanism of flotation reagents and the mechanism of solid-drug surface action were analyzed. The results show that the
chelating collector has strong selectivity, but the cost of the reagent is high, the manufacturing process is complex and the
stability is poor, and there are few reagents that can be applied in actual production. Fatty acid collectors are widely used
because of their strong collecting ability and low price, but their selectivity will be reduced, and they are often used in
combination with other agents. The collecting performance of arsonic acid and phosphonic acid collectors is better than that of
fatty acid collectors, but because of its high price and environmental pollution, it has not been applied in actual industrial
production. The combined use of collectors can not only reduce the production cost of mines, but also reduce the use of toxic
agents to a certain extent. Highly selective activators and inhibitors can achieve efficient separation of wolframite slime and
gangue minerals. According to the existing situation, new reagents with high selectivity, low dosage., environmental protection
and non-toxicity should be developed according to different ore properties.
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Fig.1 Structure of wolframite lattice
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Table 1 Common wolframite collectors
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Fig.3 Reaction equation for the formation of chelates

N-—OH
\Me +H,0

N—OH

between hydroxamic acid and mineral surface ions

CF I AiF 5 28 JZ 8 R #h) R 90 & T ik B H
BT B SR L %) R S B A R A A
RE T X kAT 40 B SO 33 o (HL AT R T 0 R
P B TR A Bl 3 SRR AT T O T B SR
CF 5 M WoR m 45 18] 4 Bros .

BEH—N—0O0

N—o0
4 CF ZE&EFHBH 0
Fig.4 Structure of CF chelating collector

CF 258 v i) ( N=O ) 8 b 77 46 IRXF i 7, 5
H5REZMEEME T RNVIERESY . B& TN,
NVE A R IE L = 03 N, O” B A RO TE Y
PUITTH AT O, O”E A N JE B T3 . AR 45
BWPETT, “O, O”# & N B B 1 JC 3 & R
FaEt,

2.1.2 TEIEBUIR K AE R HLEE

TSt B 20 % M e PR 40 B R AR o LA S R
SRS I fe 8 L, B AR TR A v B
AR SRk TR SR B A, K
R P IZR AR AT T RS R A A L5 A
R B TR R

H R R SISO L & 2R B R I R (BHAD |
FRREBER(OHA) KRR (SHA) B2 H
SRR (CHA) & ¥R 5 20 B I B iU &
Y B A5, HUANG Haiwei 2527 fF 55 8,
UL BHA VR U500 B, 2R 0 7 18 0 e A pH
Bl 8~10,1 MnWO, .FeWO, 251 5 pH 435
2.8 A1 2.0, W yF k pH X 8] 5 T MA A4S B 45 H
AR — M o PR UL, SRS 5 BHA Z A
F14 W R LA b~ W BEE A 3. NG N 450 g Rl
97 VM B, LR B S R (BHA) (E 37 R 5

[26]



4 H ok B 5 A

2025,45(10)

fid COHA) LA KoK A ¥ 5 B8 (SHAD Ay il e 570 adk 47 46
A4 3 A AT R BT Ve B G A R R B 0,
Bk 3 Bl R A N SR AT AR L 1R
BHA.OHA J& SHA V73t B4 5 i) 19 i 7% 1% pH
Gy 9.10,9, bl 4 A0 T o v BE AN DB AR L R
B Il 3 B RGO . R BS L #E OHA $§
WRE A AT BT RAL R Zeta HL 15 T2
JE IR B B R, AR TR R B K T SHA .BHA 3%
AT BRF AR R . RT3 A IS AE R 3R 1 LA Ak A
W R SA =, FL OHA A e 700 %o 28 45 1 i i 1 1 i
T SHA .BHA i),

A 5 2 6 ¥ M 1R 25 24 590 0 A7 etk ik 5
E—G Al T R e, P AR B U
IYBCH T1.64% WO, .8.24% Mn,12.92 % Fe 1) 5B 413
W, LLER B B IR R 5 R (CHAD M WGR] . Ph(NO;),
g AT AT TR BRI | Bl H A I DA R T A
MRS, IR 2E RE W, YIS IR &k 150 me/L,
MR HT R 45 meg/L,pH=9 B ,CHA fEH T 2
B R IR 91.50 %0 , W B 368 0.4 mg/g . I
BRAL 5 SBAY R R Zeta HL AT B9 IE A B2, H N
& POk A, BT R w28 5 A7, R CHA 7
AR KA WAL R, H CHA I 1 B 4
W RCRHHF . ZHAO Gang 265" S UKL 4 0,037 ~
0.074 mm F) BT, LI & 2 5 R (PMOB) /E 4 1k
F HEAT R ) 56 | R BROF BRI DL K Zeta HL AV
M, 75 3] PMOB S AE 7% pH i 8~10.5, 1 KA
BT EFER SN 4.6, M A PMOB J5 B89 R H
Zeta W A7 WY G ) B0 A7 B, BECES B[R] 2 AT Gk )
95.77% .3 W] PMOB 7£ F& 59 3% I & A= 5 Ak 2% )
B B W i = 9 T e o8 S R X
WIFHEM AT . RNIAES B ERE 0.39 0 WO, 12
R, 40 5 LUK L& L3 2 Bl R M BHA i
TR DAS IR 0 16 Ak R0 EAT S0 ) 77 i 1 5
SERFM YO RS & 310 ¢/t .BHA H &
375 g/t B, AW AICR AR 2 RS B [T 3 3
RE 79% L F LA T BHAL 3R C 35 68 B 1 1%
IR 2 700 F A DT R I 24 700 A

WAk )R A4 B B K 1 GY RAI&
BCZG ) — WO TR R AR . AT K
RS 0.34 % WO, R AEE . 45 L GYB
U RS A 25590 GYX Al o5l DA 2 45 ok 3 1k
AT Tk iR 5 i &l — M = HHE T
TR . GYX A IS SR ™ ) RIS R 74.90 %0, AH 3K

F GYB 1E Ryl 0 i (9 R & 11,00 %, R B
GY X i ) 77 6k 2 485 A9 3 FH 1k B A FH s SR T
GYB il 7l .

WiE & B G Y B E I, A EE GY R
G 25 70 ) JEE A b oK 4 TC G A ORI
R, BT R RS RECA Y Pb-BHA #5848
Z, DHSEUY B E R T 7% BB, L
Pb*" AL B T, L BHA U ), ¥ Py 5
BHA Jwi Az i ) 28 2 5 TR B & %) Pb-BHA 5 %
B AT Y, fE T VREE pH S RN, R
MIBCREE] 70 % DL b, R &R ECE Y Pb-BHA 7
SRR T AR R LA R 0 A I RE ), T S R ik
A Y5 BT m A .

CFW RS R TR ) R 5 2 H TRk B A
BB G RO, ZE AT R pH X ] 7~9 14,
AT LS SR A T 0 g AR i, DR R AR B A
i & 0.55%0 WO, MZ 4 858, L CF ik
AR CF £ T2k T AR SRR =% RN
17.67% ., B W 7 %y 82.33%, Al W & 43 5l N
87.89% . 12.11% . % J7 % © B My I FH 76 Al 47 el A
PR A L IR T BRI I A AL AR .

B A 283 R B AL O« e i 28 el i)
K CF Z G4 R AT 76 2R 59 17 3% 10 K 2B A2 W B
4w W B 55T ) 3R AR OB LR 8 1 FROIR B
. FEERA CF R i NLO i
52 &R BT RN AN, O U T 7 # A W) 5
“O,O"HICHESY, SR RIH Fe' \Mn"" X
I A= BRI W BRI O 1 AT AR W, DA ot S SR T Y
A8 B
2.2 RERRER YT
2.2.1 G549 Bk

Jig 195 1% 2 4 W 7] e AR M B2—COOH., —NH, |
—OCSSNaFJE e M 5 R—41 pl, 3 245 FH B g
H—COOH, Higii K 3 A1y Je % . B I 198 4l i i g
5 RNAE K, — B0 F . R aE K, gk /R
G, A7 AR gt B L E X B A e B P SRR AR
RSB R S SEW TR Cat L Mg'
Ba’" (Ag" \Fe’" \Mn’" Cu”" 554 & B+ I i 2k Al
eV PE R AR AN T T AR R Y B 1 R 2SR,
FORAL TR . I TR TR IS M R 2K SR
Rk Sl

B RE 105 2 S 4l ORI A2 S T R A IR L 731 (R
oA 5 R CZ R I GE R A . L T ER AN A 25 4



PIMEOT S BT R AR RAR LR T @] LB S 4 ,2025,45(10), 5

&K CH,(CH,);CH=CH(CH,),COONa , [H 4
WS AK R i A A AR B T A 232 R R TR H s
TRV 22 ) B SRR AR PR BT . I R IR, B4
WIF RO 2 T B IR T i il R R e LR
JE R IR AL R ok, PR 7 7 A ARt S B s
T3VCAAAT IS ) L B A R R S i TR, B
TR Y 53 BE Wi R s Be e . i T 731
M M = TR R A, 2 SR T E R R IR
0 PR AR MR =2 — o 22 JIK Sl R A Jt 1R — Jit P il By
25 70) L FE VR R BT I AR DGR A A D

BEAN L RN AT 4 JE T 5T e AF & A T R e
JE W7 BR 5 WR) Can TAB-3.GYR %8) . b8 H i i iz
A I A R, TAB-3 il GYR i e 19 &
BN S B T R S 3 G T e B 7 R Y e 7K
PEFNES G 700 A 5 46 P L S BT H TP 0 AR
s
2.2.2 TEIEBUIR K AE R HLEE

B 117 T2 285 41l WACR) 7 0 R RS BT AR R TR A U
PEBR AN AR BE TT N R 0 . A R 2 A A7) X
FEFE NS SR P 1 45 25 1 Im) R, 306 1L, 7 Tl A
o — AN B L R S A 2 RS

MR EA (NaOL) 2 i FH %5 £ 19 i Wi 12 25 4 Wi
TR o 308 2ok PR B A 8 R PR B 3 T B K P L £ B T
B R I, o DA AR A K 95 %
RS, AT R B VE Sl WGR) i A7 S0 i 3 L I
B3 | Zeta HL AL DA B2 £0 AN IE A BT, 25 R
T MRS BT ERS £ pH=28 i}, B 5"
MR A 2] 90 %6 DL b W B 35 21 10 DL b, TR BA
PR R, R ) — CH B A 7 A 3 1 W8 AT 0, ity 7R
B COO— Kb Wz Wi e 1y ipiz B8 7 A= I 7% RR A B 3R THD
(Mn,Fe)Oq AbFFAF 05 & A= i # . 2 W19 2 4l 72
AR R A E R R COO B+ 5
PR 3R T BH B A 2R R 4 T R Y, 2 il R 4
VEFIW B FEIE . YANG Xiuli 200 3 B afi B
97T UL Y BT, LR . GYR 1E R Hli
W) R T 2R AT I T TR R . 25 OR
FU .7 pH=8 W} .GYR YEH T B 5" [ i 1k 5
54% LA b #E pH=9 B, i FR &0 /E FH T A3 9 [l il
Rik# 49% L b, ®F EDLVO B g 3 &,
FeWO,, Al MaWO,, & K, 2K fif 35 3] — & 72
JEIE A A FeCOHD, il Mn(OH), 2375 B R %
T JE BT R i B pH 28 SR 078, DT 52 Ml 4t 1S 551
TE PR B 2 THT 4 W BT

731 CE AL A W ) A B n i i e e
2 V7 3 5 R 22— A SR B O
73.43% WO, BYEEF DL 731 RGN . 4R R
AR, AT B R B . A5 pH Ol 6~
10 B, A H AT PR PR AL 4T, MIBCRTE pH=6 B ik 5|
58.40 %, INATE R4S 2 )5 » R4S 0™ [l 8 3 Tt i
IKF] 75.60 %, SCHL T RAE Y AL R,

FE ML IR b AT 2 R A W R A ) ok AT
ORG24 RF A I 75,97 % WO, 1R
By, DLk vk B i R 25 TAB-3 il Wi, i
TRy P, A 55 W P Fe'™ LCa™" \Mg®" X 2
BRI EAT A, X pH="7.5 K& M Fe' |
Ca®" Mg’ i, TAB-3 /E T B85 [l il 3 5 5
90.50 %, ¥k I Fe'™ [ Ca®" Mg J& . BB H" 0] iit R
FRET 13% A4, Hip Fe' LR E AU X
W B AE SRS A FE L T Ca® " Mg LLES T IE 2 W b
FESRE TR, )8 B T AL T TAB-3 7678
B R FTE AW . PR, AR A R v R T R
B 25— XoF AR MACR) A FH AR A 5

i 17 1522 285 478 WS90 1) 4 FH AL A - O 07 T2 285 4 i
B BAEE RE A AR 3L B Sl i K AE T E RE AT
FRBE K B KM B L [ PR S A . M TR R
e REEHE JER T COO™ B 15 84
W RM4A R E T (Mn*" Fe ) R A4, Bl
4 Jm B8 7 PR W B e BT B 2R . LA L gl B
el
2.3 B A gk R 2% 3 i
2.3.1 5K Rk

IR 2 47t SR 19 45 4 X8 RAsO(OHD . Hiik
PRV T 16 7 R S A M) L AE K b AT 2P S A
H™ R0 R AR 851, 43 40 v 8 s g = L = (D) At
(2,

RAsO(OH), ==RAsO,H +H" (D
RAsO,H ==RAs0,” +H" (2)

WAL 284320 F B H B D A J B TR 2 Al i
FIAE 5 2 Fh 4 )8 BH B+ 5O AR e e H R 5
5 Ca®™ \Mg™" N, HE I R 2 R R A R TE
W5 kA P e A s AR R R T R DL I R S A
WO A H R IR R R 4

it T 24 4l WA TR — e A % e R O TR RN B () Ji
Mg, 25 kg an &l 5 s . bl A R AR K, LA I Rg
JIB W R, — B TR SR A e . 7Rk
FAE Fe'' (Fe'' [ Ca™" S8 1. 45 &) TH #E K it B



6 H ok B 5 A

2025,45(10)

B2 5 B AT A P VA R, H U R 28 AR A R L 0
A TR o e I R T 5
/OH PO (OH) ,
R—P——0O R—C
| |\1>o(0H)2
OH X
(a) BEBR (b) M (=) R

5 BEER R g

Fig.5 Structural formula of phosphonic acid collector

2.3.2  TRIEBUIR B AE LR

JIF 2 0 Jl TR SIS 4 A ) A B 1 PR K HL 2
& B Bt AR T AR 5 L R A3 A A ACLE R IS 24 )
HEATIR B W5, I LEAR R ST 45 /0 L AE SR Tolk Az 7 v
W 2R AT B A .

REEHFTHEHEREMR S HGAE. M H
70.81% WO, .5.40 % Fe 9.47 % Mn iy B4 5 117
W eI, Y pH 7E 1~7 W, [ 1 g 5k 5
90 % LA |, R W I R SIS il WA B 46 0 3 i v PR
fTF PE 46 bR . SRINIVAS K 25180 6 U & 64.60 %
WO, SR, DL 5 5 2 Fe o 4 5] A7 0
YRR , 5T pH L R BE 2 PR 26T 3 119 5
M, 4 pH A 4.5~7.5 B, [ K43 & WO, 8.00% , [A]
Wk 68.00 Y0 Y PR, % B Tl 18 21 4l Wi 7 A e
ROPETE PR

I T 24 ol AT R Pl TR 2 A AR 5 PR A A
B A7 7 T FEL VR BT A A7 7 A 27 R B, G 2B ML 2 Ry
RIS 0 R 6% 3 3k 1 B Y ek R AT R R A AT
WA R4 J® Mn 1 Fe {7 &40 2 A 1% 4 @ i
i 5 58 4 T W 1R R 5 DT BT 10 36 12k A6 st B )
TR B AE RS SR .
24 HWFIMAEEZHA
2.4.1 HEz IR

— R U T A A ORI T RCR AL T
B SR G T R PR R A A OR) 22 T A 7 D
[FIVE R 276 T A ) 258 04 i ) 76 PR 0 3% 1 1) A
FHRARL il T R 1 TR

FEA JEHGR o A% B Bt L BEBEE SR, TN A D R 2
TSR S AR AR . R, 2 R A 2R
TSR 5 R B R A s R 4 G ds F L nT A — o R
- BRI A A G A 2500 D o SR AR TR R SOR

A7 BN SR 75.47 % WO, BB E, LA
A GYB MBI RS TAB-3.GYR K& 731 fE 4
W) AT BT MR 86 | Zeta B AR BT DL B 2T 40

[46]

AW 5B . 25 AR WD, 2 4 Bl USR] B ok o R
GYB Hli Uit B89 17 50 3 5ol ‘L 1T W B PR S Y pH
T TE O 6~9.5 YIHWGH A & . GYB 5
TAB-3 e [RIfEFHRCR S df » SR i w18 3 78 %,
BT IR WAL E LTSGR A B Rl SRS B SR
UL A W) I . P R R T R B A ) 7L AL
.76 1517.2 cm '\ 1 566.7 cm 1 1 598.6 cm !
A 357 Y B C=N i 4 41 20 W e 06g ) K oK BF i SR AR
W, R GYB ' N, O JiEF . TAB-3 ' O—H g
b R 3 T BC A R & AR O A, T R 24 7 e ] g
B 7E PR R TE L AL TR AR . IR T AR ik
WAL Ry 97 o iy R R B G 2R A WG GYB
505 W7 BR 28 4 Uk ) NaOL ., HPC DL & 731 &5 & fif
AT B B i 50 B il A K I | Zeta HL AV
W DA B 48 W AR 0 g K MR AT R . RS-
FR B2 fih R oA 33.5° 4 1700, 24 4 Fofr gl i 50 B feff
i, AT VR BE A pH R 6~ 10, MR 4 A il
FHES WP A pH XA 3G 98, 4 ~10, BT 1Y
T2 fioh £ A B 35 1 KL K ME R AT R s, R
A4 R TR AR AR R T — il . BU Hao
U PR IAE R Ry 99 % 1 BT, AT R A 5
W BEE i I R0 3 - 3 AL F Y T BHA
NaOL 7 4 i 7] =2 18] 09 5 18] 4 . 24 BHA 5
NaOL B 1= 9 B, B4~ [l 8 Lh 2 — fifi
NaOL i o570 i 32 55 21 %0, NaOL 76 2B 485 5 3 16 1Y
W B et v T B — il NaOL 4 055 B 7 22 405
R AW S RS R R . BHA 5
NaOL fig JE iR W25 R — MR IS &9, A B T4
R NaOL 75 2455 3% 18 09 0% B o, B 40 &
i BHA 5 NaOL i U500 1) 77 356 R0 LAl B —
SR B AR G L T 2 R RS TR RO .

Tl W5 04 20 B 5 TS AL RE 8 AR 1l A 77 Al
A IE— R LA THEEAR A, AR
Fl W) 2Z 18] 1) B ) A ] 32 Al MR A B L v B o
25 W LA BN [ 4 0550 22 T 4 46 B A %) 52 o, TR
I o 245390 22 8] 04 B [ I BRAT 55 56 35 07 AR 40 12X 56 BF 5
KES I IE I — 25 T2 Ak R R T i kL B
PR 2 T 25 R0 F4 L O 2K
2.4.2 fEHAPLEE

WS 2H G i T Y AR AL 3 4 5 g B AL
PR far D AL L Ty BE BT LA R oS VR % A B
BLEE o, g B AL 3 48 E 2k 0k B b, S T
SR A 24 70 R A 0 ) 3R 1 5 RO TR TR AR



PIMEOT S BT R AR RAR LR T @] LB S 4 ,2025,45(10), 7

2% 7 TR G RS i 27 3 78 % T 5 L A B AL B S
Tl 245 300 98 5 A 49 2 TR A A AT R T A Rl
25 A ) 2 1 1Y W R 5 ) E T A AL L 9 b 24 5
TEA 1y 2 1T A AR A 5 B S TR] L {ELAE S o i 79 3 1)
YRR n] SR AL 9 A 77 Tk 5 B3 7 20 30 858 AL 2L 0 2
5 41 A 4 00 T B 4 AC) ek, 2 B0 3 3k
VARG B R BE AT RE 2 S RV WO Y e AR

3 REyRER

BT 5 T R SRR &
DA RO AR R A AR SR
s A PR IR T TSI R AR R AR E H Y
W) 5 4 OGRIAE A R R B . B 5 0 i
e 1) S 2 LT A A0 R A R A 40 3R TR R A AR O L
VT S Y R R 08 Y S 3 v T, R S
B A AR S S SR T R R IEE A B TR
BT VRO .

3.1 FEH
3.1.1 MR

T 3 2k R 22 R 4 A R Sy B T
) AH A TE KA W D — R TR AR TR B
TSR AT . 0 O, 7 3 T A 3 o 1 9 R R, DA
T PR A T I 67 A, DA T TSR ) 2 T L L il
HAR T BN, & BiE ke F7EFik
BT R RN AALE 3 MR R R0 A 3k
T P i A A 4R Ak 4 T B 5 5 A R A A %
B W R AR B OKBRUTE . BT, B 0L AT
k5 H Pb(NO;), ,CaCl, \MgCl, fil FeSO, %,
3.1.2 VFIEIUIR AR HIMLEE

Pb(NO;), 1 Pb*" fig U] 1 ol & J& 42 7 3 1 i
MBAEDY, Ca™t L Mg™" L Fe' A5 3% 1k 8RS
Pb*" . B, 285K Pb(NOy), 1E R 77 %R
B i iE AR . 207 B AEST L Ph(NO,), Ridfk
F, LA T B 26 H R IS R CTBHA) g 3l Wi xh JA 453
WA Wy AT I IS A X B ZROt B T RE IS b
ZESFZWT, A Pb(NO,), J5. TBHA /£ F B4
W R I 50,00 % LA #2585 & 61.56 %, H Fe,
Mn W SR FE G RN L AE,. 5 Ph 7E R
R EIE W T Fe—O—Pb,Mn—O—Pb, W—O—Pb
AT PhTTAE R R R A T AR SE MR, 3
PR TG PR S 2, 0 TR TR R R
bro 7T AEDY S HCS 71,64 % WO, . 8.24% Mn,
12.92%Fe iy R ES 9, LUAK R 8T 0 6 fk 71 .BHA

SR o AT R A e L R B DL 21 A 3 A3 B
S EDLVO M b7 38ig it 8 45 1R WL A Pb*"
J& o fE pH=9 B}, B H" [ R KF] 95.58 %, B4
W3R M Mn,, Fll Fe,, 45 & A8 & A8 10, (i B B 3%
AT Ph* i A Ak 2 A W B T T R, ks T
Mn. Fe Ji ¥ B A b2 BR4 , I b 3 82 /& 1 2R
(O RER

T AT AR FH AL — AR 2 V7 1 v i #R5 ) R
FLAE FHAL B AL 2 W5 | 40 WAC 70 A 30 e TR )23 R o 71 ok
B T AR PR T TR M 5 AL SR T R Y
IKARJZ 3 T BR A 3R v B HE G B8 5 T Ak v 4 e B
AT SR K AR A AR T O B4 B e & AR T
W FE . B A BRI K 2 B A i B K
SRR 1 42 TR — A LTEC A B B TR B 24 ) T 4R
12 RAE A 7 v B g R E L
3.2 MEF
3.2.1 ERR

ASCA S 438 U090 RT3 A 7004 FH O S e i e I 6
T R I ) 4R ) AL AR A o 500 R B ik
AW S 2 0 30 5 R K B L UE A R
75 U e TR 0 A . b, K B IR 0 32 BEAE R LA R
Na, O « mSiO,"" , {H B —fi ] B 80U A B AN,
S I A 4 R CAn AR R AR B R AR AR R )
5K HAEGHM. EH AR TG, &R
— WAL Z 0, o R LR B S A S AR
FH S 0 49 2 T B0 3K FE R 1 3% 100 % K 1 BE
oy W BRE 200000 — g T B R R A R v R
W4, SRR 8 4k 2 K (NaPO, )6, 5 i T K,
AT kA 4 2 1 g AR B4 A 1 H 3 T A7
] — T A 5 A kAT .
3.2.2 TEIEBUIR K AE R HLEE

H I 7 2 R A T A 22 A 00 3R SRy ok B
B, o E S GBS 1.70% WO, BB, &
65.00 %0 5% A1 .10.00 % J7 fift A LA S 23.30 %% 1 5 1y 2B
B AN L R K BB B R R 1 AL A M A ) AD R
PEAN ] ) Na, SiFs , #F 17 3% 2% B0 55, K13 &
WO, fiii 66.04% 0115 F 90.36 6 I 77 HE 48 b » %
HH 7K 3% 385 B 6% W B 7 koA 0 ) % T i kA 0 ) 2
F 0 H L A BT R e, R AR B EL
—0.074~+0.037 mm BEHI LA AREH L
K B35 S A 70 CBHA S USOR) A R A R 1 AR
HEAT B Y06 | 2T A0 635 o B B g B e i, 2
REULIE pH=8 I, BEH" MR B F] 90.55%, 3



8 H ok B 5 A

2025,45(10)

Fh AR A B TSR 4 A 16.1196.7.84 % .4.95%
INAK B35 J5  BHA 75 A A A 2% 18 A9 W BT & 103 4k [
% 2 WK B3 X6T ok A ™ 0 A6 A A B vy 0 o A
FH - AT 3G 58 T BHA 45 05050 78 2885 ™ 2% 18 79 PR F

0450 500 00 4 P AL Ay« 6 B 1k 3 5 AR B 19
Wy 2T A SRR L FE AR B R 3R B R K P
S TR K RO/ B O A 2 -0 . vk i v L.
PR 0 1 P 8 LA B X IR B A B A el e e o 7
FEA B TS 0N R BT Y v i

4 HHIREZE

T B BT IR A IT & LR ESEOh F L B A 5 1k R
8 BT R AN W TSR R B T2 Ak PR R O
R i AN PR B AR AR A T B, IR 2
Hh PR 2B 24 7] 1 328 45 D) S P SR 19 OC B, 1N AS T R I
B 24 390 (4 20 5 {6l T LA R 8 24 R0 ) I kL B R
LR LA JT 1

(1) Z5 AR Al 8 4% 4 i T 7 37 2 PR B
Hh L2 L AH T 2 50 AR L T R R A
SRR 2% BTN AR 2 B AR 7 i 8 2 R 2 5 g T TR
A WA PR AT 5 L 24 5000 A A T R AT L
Yy S PRSP PE 22 . DRI, K X T 2 24 50 4H
BRI I & TR YR B S 2GR
FHTE ) R,

(2) JHR S 5 Bt 2 S 4 WAL 0] 1) 47l Wi vk e 248 T
JI I 2 2K A WA o AEL PR G A A% B8 Bt X BB T e R
U 2R BEAE Tl 2R 77 v A5 2 0 H L 25 RE BIF 2 3 W] AR
B 32 TP S A WA O R T Rk T | L LA I BR B 5
AL PR B B 2 50 AN RT SR AT BRI BT, B e 4
e R ACR A A B R L

(3) {5 A 7 o041 o) 50 2 92 R PR 9 o 8 [l g e
ANAT D — 843 o e 8 AR M 1 3 1 0 04 R AT S
USRS AN )E S kA0 0 8o B . R R TE
AT AL B s i AL RS 0 6 R - A ML S W Y
W LA R AW 500 4 e v IF 5 o ml oy S B TR B 1Y
o R A 4 A S B K 1)

A B B U R T L 22 B AL A R
PREIR ] RS K R B, AR IR O, B
HRAEAS R B0 P T 51 X PRI A B A e e i
G PR OR T B A4 5 AL 24 0], DL S gk 8 Ak B L0 T
A, A W RE S R R GE I
2 % Lk (References) :

(1] e CRIEHIE [ 9% 8 I3, o B 7= B8 I 4 45 2023[R1.E

5 HB B Y AL 2023.

(2]

(3]

[4]

(6]

(7]

(8]

9]

[10]

Ministry of Natural Resources of the People’s Republic of
China. China Mineral Resources 2023[ R].Beijing: Geological
Publishing House,2023.

2R, G AR RS AR B ATV R T 2 N B L) D
FEER AR L 2021(1) :32-38.

LI Qiang, ZENG Fansen, CHANG Yongqiang, et al.
Current research situation and application of tungsten slime
beneficiation [ J ]. Multipurpose Utilization of Mineral
Resources,2021(1) :32-38.

FEREZE E R S B b A5 B R IR 4 B K I R X SR IF Y
(] A E #2016, 25 T 1) . 9-12.

TANG Pingzhi, WANG Jing, ZHOU Yuanyuan. Analysis
of the current situation of global tungsten resources and
suggestions[ ] ].China Mining Magazine,2016,25(Suppl.1) :
9-12.

FAE R SCP L AE Y AR o R B A b B ORE AE R A
B A 28 (32 ) []]. Transactions of Nonferrous Metals
Society of China,2022,32(7):2318-2338.

WANG Xu. QIN Wenging, JIAO Fen, et al. Review of
tungsten resource reserves, tungsten concentrate production
and tungsten beneficiation technology in China [ ] J.
Transactions of Nonferrous Metals Society of China, 2022,
32(7):2318-2338.

R PhE TR B 4t A5 TR R BE R B R R R R
RG] EA Q2R 2019.29(9) :1902-1916.
ZHAO Zhongwei, SUN Fenglong, YANG Jinhong, et al.
Status and prospect for tungsten resources, technologies and
industrial development in China[ J]. The Chinese Journal of
Nonferrous Metals,2019,29(9):1902-1916.

IME, DA R S R e RS R ). &R AT
11,2021(1) :24-41.

SUN Wei, WEI Zhao, HAN Haisheng, et al. Flotation
chemistry of tungsten ore and its practice[ ]J]. Metal Mine,
2021(1) :24-41.

AT BN R B 0 R 1 T2 RO A R M 5E [ D] K
W K, 2010.

FU Guangqin. Study on flotation process and reagent of fine
wolframite[ D].Changsha; Central South University,2010.

T R B R L SRR R R (DL KR .
KA,2014.

YANG Siyuan. The research of relationship between Fe/Mn
ratio and floatability of wolframite [ D]. Changsha: Central
South University,2014.

R— AT PN L AT B B B kP R DHT-4
X B A A W B R AR I PL B ] 4 Jm 1l 2016 (8)
89-93.

ZHU Yimin, DAI Leimeng, SUN Haitao, et al. Collecting
capability and mechanism of new type modified anion
collector DHT-4 on wolframite[ ] ]. Metal Mine, 2016 (8):
89-93.

JEVATT I s A At AR, A6 TR A 40 4 AR A o B LA R R
KRR B 2R ] S AL T, 2016(2) :269-271+275.



YT, F

E R R ARG RE LS @] A LHR S A ,2025,45(10). 9

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

(191

ZHOU Yanbo, ZHU Jujian, LIN Kai, et al. Application of
wolframite collectors and removal of residues in water after use
[J].Contemporary Chemical Industry,2016(2) :269-271-+275.
TR A R 4 B AR R A T R 2 A AR R P
AR ] P E A0 . 2012,27(2) 1 10-14.

GAO Yude, QIU Xianyang, ZHONG Chuangang, et al.
Property and surface chemistry of hydroxamic acids using as
collectors in tungsten minerals flotation[ ] ].China Tungsten
Industry,2012,27(2) :10-14.

W5 LRRAE AR AR R R R AE VE 2 by N B AR
BLERAT ST 1], v [E AT 6 8 2241k, 2024, 34(3) : 877-898.
ZENG Yong, CHENG Kai, HAN Haisheng, et al.
Research progress on application and mechanism of
benzohydroxamic acid in flotation[ J]. The Chinese Journal of
Nonferrous Metals,2024,34(3) :877-898.

R R B R, S OR TR R S5 PR T /R T AL
WBFFELI ] T R A (4 8 244 . 2001(2) £ 92-95.

GAO Yude., QIU Xianyang, XIA Qibin, et al. Study on the
action mechanism between benzyl hydroxamic acid and
wolflramite[ ] ].Journal of Guangdong Non-Ferrous Metals,
2001(2):92-95.

e —[.2020 45 ¥ 3 25 7 1
(2):102-118.

LI 87 25 & R AL 2021

ZHU Yimin. The development of flotation reagent in 2020
[J]. Multipurpose Utilization of Mineral Resources, 2021
(2):102-118.

BT BHA 9/ FIHLE M. 3L
AR 4 Tl R . 2020 :4-6.

HUANG Haiwei. Mechanism of metal ions and BHA in
wolframite flotation [ M ]. Beijing: Metallurgical Industry
Press,2020:4-6.

A3 A5 TR T X AN R R L SR8 A M A e ) B R
1124 B 52 (D] 88 M - VPG B TR %, 2021,
ZOU Zhilei. Effect

of metal ions on dispersion and

aggregation behavior of fine wolframite, chlorite and quartz

[ D J. Ganzhou: Jiangxi University of Science and
Technology,2021.
HEE TP EE ML K Y. bR R R, 2014

112-115.

HU Yuehua. Mineral flotation[ M].Changsha: Central South
University Press,2014:112-115.

X2 B 5 BRORT. VR L 25 ) 5 0T W VR ML B AT 5 O Uk R
[J].4 )@ 11 ,2018(4) :114-120.

LIU Xueyong, HAN Yuexin. Research method discussion
on interaction mechanism of flotation reagent and minerals
[J].Metal Mine,2018(4) : 114-120.

FrEM BT R SRR P SELD] BN L
PHHE TR ,2014:9-11.

QI Meichao. The study on the relationship between the
surface characteristics and flotability of wolframite [ D].
Ganzhou: Jiangxi University of Science and Technology,

2014:9-11.

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

ST, AT BH . B 20 R A 1 O 1
Bl 5 TR, 2013(5):102-107.

e BRI A @& )8

HU Wenying. YU Xinyang. Research status of ultrafine
wolframite flotation [ ] ]. Nonferrous Metals Science and
Engineering,2013(5) :102-107.

BT OC. B LML AR N o Bl % R R 2020
471-475.

XIE Guangyuan. Mineral processing [ M ]. Xuzhou: China
University of Mining and Technology Press,2020:471-475.
VUG L 2 SO R S A8 % 36 4 W0 B 5 AR 5 245 5 7Y
il 4 5 ol LI . b E 400, 2019, 34(1) 23744457,

XU Haifeng, LI Wenfeng, CHEN Wen. Research progress.,
preparation and industrial application of novel flotation
collectors for tungsten ores[]].China Tungsten Industry,
2019,34(1) :37-44+57.

KRBT AR A VB T R 6 R A T R B T R Y A
WetERELT ). PRI 0716 24 B 2 41 1981(3) : 23-32,

ZHU Yushuang, ZHU Jianguang, JIANG Shiyin.
Harvesting performance of methyl benzyl arsenic acid on
wolframite and cassiterite sludge [ ] ]. Journal of Central

South Institute of Mining and Metallurgy,1981(3):23-32.

EREA WA R R WL (M KV B B ROR
Jift ik, 1988 :43-45.
WANG Dianzuo, HU Yuehua. Solution chemistry of

flotation [ M J. Changsha: Hunan Science and Technology
Press,1988:43-45.

AR RS 2R A R AR B AL BT
demtif 4 ol ik, 20212 35-40.
ZHU Yimin, LIU Jie, LI Yanjun, et al. Interaction theory

2RI R M.

of flotation reagents for non-sulfide ores [ M ]. Beijing:
Metallurgical Industry Press,2021:35-40.

K, 22K AR.CF 25 7 3 5 S A B 10 1 AL 5 1.
W B L& FL AL AT ARG IE B SR L) ].8706R 5 2004.(3) 1 23-29.
TAN Xin, LI Changgen. Study on the mechanism of
interaction between CF collector and the surfaces of oxidized
lead and zinc minerals I . study of adsorption, &-potential
and IR special[ J].Mining and Metallurgy.2004(3) :23-29.
HUANG Haiwei, QIU Tingsheng, REN Sili, et al.
Research on flotation mechanism of wolframite activated by
Pb (Il ) in neutral solution[]]. Applied Surface Science,
2020,530:147036.
FREA WA R T
A7 45 J8 . 1987 (4) :33-40.

WANG Dianzuo, HU Yuehua.

WA S S R[]

Solution chemistry and
kinetic phenomena during wolframite flotation [ J ]. Non-
Ferrous Metals,1987(4) :33-40.

BG4 D0 L 0 Ak A, S 200RE R T A WS B 3k R R AR
FHLFRBF L] ]9 9R TR . 2020,40(6) :47-50+58.

WEI Penggang, REN Liuyi, ZENG Weineng, et al.
Mechanism for selectivity and reaction of hydroxamic acid
type collector in fine-grained wolframite flotation[ ] ]. Mining

and Metallurgical Engineering,2020,40(6) :47-50-+58.



10 F R L5 TR 2025,45(10)
[30] EEF. Ak BE A%, 55 30 O H G 52 Jig 1R X MR 489 0 11 o MENG Qingyou, YUAN Zhitao, MA Longqiu, et al.
TR W M ALER LT b A @4 R 4, 2013, 23 (7). Interaction mechanism of sodium oleate with fine wolframite
2033-2039. [J].Journal of Northeastern University (Natural Science) ,
HUANG Jianping, ZHONG Hong, QIU Xianyang, et al. 2018,39(4):599-603.
Flotation behavior and adsorption mechanism of cyclohexy [40] YANG Xiuli, Al Guanghua. Effects of surface electrical
hydroxamic acid to wolframite[ J]. The Chinese Journal of property and solution chemistry on fine wolframite flotation
Nonferrous Metals,2013,23(7):2033-2039. [J 1. Separation and Purification Technology, 2016, 170
[31] ZHAO Gang, ZHOU Xiaotong, LI Fangxu, et al. Flotation 272-279.
performance of anisic hydroxamic acid as new collector for C41] 8 SC e 21 A 4 A 3R] 37 0 fal 200 7 B840 1/ WL B 5 17 FH A 5
tungsten and tin minerals [ ] ]. Journal of Central South [D]. B . JTPEEE T k2%, 2013.22-23.
University,2022,29(11) : 3645-3655. HU Wenying. Study on the mechanism and application of
[32] BRI, RIBEIE , 2 05 I, 46 30 O R 5 TR 11 486 4 & 0B L X 48 combined collector flotation of fine wolframite[ D].Ganzhou:
B R R LT B k. 2020, 35 (2) Jiangxi University of Science and Technology,2013:22-23.
29785 At [42] W24, JR W M % 4 B B T XF TAB-3 247137 1 45 5 (1)
ZHAO Gang, ZHOU Xiaotong, LI Fangxu, et al. The S]] A RMF ST 50 .2018,12(2) :138-142.
catalytic synthesis of cyclohexyl hydroxamic acid and its SHANG Xingke, ZHOU Xiaotong. Study on the influence
flotation properties for tungsten and tin ores [J]. China of metal ions on TAB-3 for the flotation of wolframite[ ]].
Tungsten Industry2020,35(2) : 29-35+44. Materials Research and Application,2018,12(2):138-142.
337 RFSAR BT, 1 O0 R A B A GYX S B v ‘ '
(330 A0 JREE « 1 26 RE, S BEE AR GYX X547 7 & [43] PRADIP, RAI Beena. Molecular modeling and rational
o T o 4 o 91t
TR FEL) . R B0l 2023, 38 (1) 5 9-15. design of flotation reagents [ J]. International Journal of
FU Guanggin, ZHOU Xiaotong, SHANG Xingke, et al. Mineral Processing.2003.72(1) ;95-110.
Effect of chelating collector GYX on the flotation behavior of (147 YANG Siyuan, FENG Qimings QIU Xianyang, et al.
tungsten minerals [ J ]. China Tungsten Industry, 2023, 38 Relationship between flotation and Fe/Mn ratio  of
0 :9713; \ : wolframite with benzohydroxamic acid and sodium oleate as
[34] DA .uhlEA 9 FEA4E, 5. Ph-BHA AL R A9 2 AR . . .
o collectors [ J ]. Physicochemical Problems of Mineral
BRIV A48 TR ,2017,7(6) : 70-75. :
Processing,2014,50(2) :747-758.
WEI Zhao, HAN Haisheng, HU Yuehua, et al. Flotation .
[45] HU Yuchua, WANG Dianzuo, XU Zhenghe. A study of
of wolframite and scheelite at the room temperature based ) ) ] .
interactions and flotation of wolframite with octyl
on Pb-BHA coordination collector [ ] ]. Nonferrous Metals . ) )
hydroxamate [ ] ]. Minerals Engineering, 1997, 10 (6 ):
Engineering,2017,7(6) . 70-75. RS
[35] MK, R, AR MMTE L E&RY CFRFESET [46] ﬁ*@]j‘ﬁﬁﬁ'ﬁ’k[ e —
s I 461 IR TE LMD A5 6 4 Toll AL, 2007 :93-94.
SVEIER T LHTELI]A IR . 1996(3) :26-33. ne '
) . o GONG  Mingguang. Foam flotation [ M J]. Beijing:
XIAO Qingsu, LI Changgen, KANG Guiying. Study on
. . . Metallurgical Industry Press,2007:93-94.
technological flowsheets for flotation process of Shizhuyuan B
. . . . [47] RN R—RBNMR S 2R AR EREamEl] b
polymetallic ore with CF method [ J ]. Mining and
IR 2 B E R, 1984(1) 1 19-25.
Metallurgy. 1996(3) : 26-33. IO 5 B
[36] ‘RE5E. R HOE. TP RE2 7 0 fb 22 BOFT .45 3 BRI MK 7, ZHU Jianguang, ZHU Yimin. The methyl benzyl arsenic
2% B A L 2020 1 62-65 acid and sodium butyl xanthate as a mixed collector in the
~ b ’ H - .
ZHU Yushuang, ZHU Jianguang. Chemical principles of flotation of wolframite slime[]]. Journal of Central South
flotation reagents [ M]. 3rd ed. Changsha: Central South Institute of Mining and Metallurgy,1984(1):19-25.
University of Technology Press,2020:62-65. [48] SRINIVAS K, SREENIVAS T, PADMANABHAN N P
[37] MENG Qingyou, FENG Qiming, OU Leming. Effect of H, et al. Studies on the application of alkyl phosphoric acid
temperature on floatability and adsorption behavior of fine ester in the flotation of wolframite[ J].Mineral Processing &
wolframite with sodium oleate[J].Journal of Central South Extractive Metallurgy Review,2004,25(4) :253-267.
University»2018,25(7) ; 1582-1589. L4997 AT 8K JA R B 2L g s I by [F) 28 & 2l on) 3 BB o 5
Ca8]  BOAET 5 B 0 2 MR 6 11 65 5 B 6 3 2 ol 6 T W 5 T 0 [0, 6 7 (R 5 R 2021, 41
[D] Kb R K%,2013:7-10. (2):28-33.
HUANG Jianping. Study on the flotation of scheelite and FU Guangqin., ZHOU Xiaotong. Flotation behavior research
wolframite by hydroxamates[ D]. Changsha: Central South on collector combination of novel fatty acid and chelating
University»2013:7-10. collector on wolframite and gangue minerals [ ] J.
[39] WA B, DIk, % Il R 4 5 20 kL B i iy 1 Conservation and Utilization of Mineral Resources,2021,41

HUERLT LR AR 2 2 i CH AR RH2E IRD ,2018,39(4) :599-603.

(2):28-33.



YT, F

B R A At R R R W] A LB RS L ,2025,45(10). 11

[50]

[52]

[53]

[54]

[56]

[57]

IR TT B, E AR AF AL O X R B K AT R
W B2 A A5 (0] A 42 )8 . 2012,36(6) :973-978,
HAN Zhaoyuan, GAO Yude, WANG Guosheng, et al. Effect
of combinative collectors on hydrophobic behavior of wolframite
[J].Chinese Journal of Rare Metals,2012,36(6) :973-978.
QI Jing, ZHAO Gang, LIU Sheng, et al. Strengthening
flotation enrichment of Pb (Il )-activated scheelite with N-
[ (3-hydroxyamino)-propoxy ]-N-hexyl dithiocarbamate[ ] ].
Journal of Industrial and Engineering Chemistry,2022,114:
338-346.
BU Hao, CAO Miao, GAO Yude. et al. Synergic effect of
sodium oleate (NAOL) and benzohydroxamic acid (BHA)
on flotation of wolframite[ ]J].Physicochemical Problems of
Mineral Processing,2017,53(1) :82-93.
R W A O AR 4 I 8 v i e Rk R SR [ .
440k, 2017,32(4) 1 29-34.
DONG Dagang. Application and development potential of
mixed collectors in minerals flotation[ ] ]. China Tungsten
Industry,2017,32(4) :29-34.
M bR BE AR A5 W 2t o B b Y BT S f AR
BB e 1] 648 GEI™#84) . 2018(2) :91-98.
SUN Wei, WANG Ruolin, HU Yuehua, et al. Activation and
new theory of lead ion in minerals flotation process| ] ].Nonferrous
Metals (Mineral Processing Section) ,2018(2) :91-98.
LIU Cheng, ZHANG Wencai, SONG Shaoxian, et al.
Study on the activation mechanism of lead ions in wolframite
flotation using benzyl hydroxamic acid as the collector[]].
Minerals Engincering,2019,141:105859.

PR R BB R R T &R B T IR I PLELAT SE [ D] K
U TR K%, 2013:33-43.
ZHONG Chuan’gang. The interaction mechanism of metallic
ions in the flotation system of wolframite [ D]. Changsha:
Central South University,2013:33-43.
7T BRI AR R T R R RS PhCIDD mE
HUBE T 7 40 kL P8 85 0 3G AL VR e i B L] 9708 TR,
2022,42(1):49-52.

[59]

L60]

[61]

[62]

[63]

LI Fangxu, ZHAO Gang, LIN Rixiao. Reaction mechanism
of tert-butylbenzhydroxamic acid with Pb( I ) ion and its
application in activated flotation of fine wolframite [ J ].
Mining and Metallurgical Engineering,2022,42(1) :49-52.
A B AR N B, ORI R IF I R R R
T TR AL E AL LT ] P E A @ 48 % 4, 2016, 26
(9):1999-2006.

GAO Yude, ZHONG Chuangang, QIU Xianyang, et al.
Activation mechanism of Pb?" in flotation of wolframite
with benzohydroxamic acid as collector [ J ]. The Chinese
Journal of Nonferrous Metals,2016,26(9) :1999-2006.
EEU/ AR 13+39) 1 E 7 U= IS 2 8 Y R DA SRR R | R RES T
R R I I B 5T LD ] BF 5T 5O &, 2023, 43 (7))
205-211.
WANG Long, QI

Experimental

Zhongxu, SUN Dayong, et al

study on heating flotation to normal
temperature flotation of a low-grade scheelite in Hunan[]].
Mining Research and Development,2023,43(7):205-211.

YU Xinyang. WANG Haolin, WANG Qianggiang. et al.
Flotation of low-grade bauxite using organosilicon cationic
collector and starch depressant [ J ]. Transaction of
Nonferrous Metals Society of China,2016,26:1112-1117.

FLETCHER Brenton, CHIMONYO Wonder, PENG
Yongjun. A Comparison of native starch, oxidized starch
and CMC as copper-activated pyrite depressants[ ] ].Minerals
Engineering,2020,156:106532.
o T 7R B 24 6 3 0 v O

J& (BEAHB43) ,2000(6) :41-43,

A L] A G

GAO Yude. Combined use of high-efficiency flotation agent
in black tungsten fine sludge[ J].Nonferrous Metals (Mineral
Processing Section) ,2000(6) :41-43.

Wi B BB S OR F 2B A0
[J].8714,2023,32(3) : 34-40.
LIU Hao,

AT A BF 5

WANG Zhongming. Study on the flotation
behaviour of wolframite with different types of garnet ores

[J].Mining and Metallurgy.2023,32(3) :34-40.



