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Fig.1 XRD pattern of scheelite, calcite and fluorite

1.2 SEIRZH|

S ] 2457 NaOH, HCL I -7 N3R5 )5 3l
PRI BT T35, A 5 1 HH IR A 4 ( CAS 52 93348~

22-2)k AW AL RHR A TAHRA R, EZEWH
Ciss HONR TR TP IR A PR £, 2 — b FARAT L3 T 3%
TG PR o S I D 2808 K



o540

RTS8 i 2R XSRS A A7) v i 2 oy PR B Y X 1 83 407 ) 26 11 R W RS AL L 5 - 13 -

B UUR  FES  R (MES), oA il 2k an
o FriE 20.00 g g R H BER R 1T 500 mL [B IS BE
i, B A 200 mL 19 & BER W, BEFE S min, fFIA
WS %), S5 A 8.00 g $hR E2 Hie #l 29 mL & A
R4 (32%), 7E 50 C SV 6 ho FEAE R EN, A B
R R 5 S NS pH=7.0, 3 1€ £ Bk Na,SO, F1 NaCl, Ji
FETEZE, 193] MES 7~ §hff H . MES 54950 LI 2,
T MES W JFEREN Cis s 1B 5 R TP R A R £h, L™= 5
SRy o R i R A R YRS ) o A R L AR
HLP= S N A o 3.15%, 4l 24 82.03%, Ho414b

SO;Na

OCH; +NH,0H HCl N2OWEOH

R 50 C R

B2 SRR OU A B A A 5 I

Fig.2 Synthesis route of bipolar scheelite collector
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Fig. 4 Effect of pH value on flotation recovery
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3.34 MES 58445 1EH 75 B XPS 47

&1 9 i MES 5180 1ERRTE R XPS #5&. 15 9(a)
HEESE . MES £ MES+E 45 BE 5 S . fE AR
W E M ek E] Ols, Ca2p. WAF M AY Cls 1. 1
BRI Cls R Z 525 CO, BN, TifE MES
i B AT UL P Ols, Nls, S2p il Cls, MES W ff} )5,
HAEH RERY Cls 358, JF BT Nls A1 S2p I, iX




< 16 LA S AES RV

2023 4F

UiBl MES T W B 2009 . K] 9(b) b 3 FEE &4 Y Ca2p
Kidnis il . fIEIAT AL, A0 8 Ca2ps, A1 Ca2p,, W
B 346.8 F1 350.3 eV, Ml MES/E F /5, Ca2ps, fl
Ca2p,, W B 0.2 eV B IERS, I 1 BLAE 347.0 A1 350.5
eVo XEWIEEh A H R ATETER . B 9c) R
3FPRE LAY WADKS A% 1K . R AT, FES e
W4T, Fll W4f,, 6 H P 35.1 #11 37.2 eV, #1 MES /£ F
Jii, WAL, Fil Waf, IE H B 0.5 eV I IE R, IF i B 1
35.6 Fll 37.7eV. X 3R W45 11 45 87 2% 18 A9 35 M T
Mo o) k3 RS A S2p KAl .l AT,
MES i S2p,, Fl S2p,, W i FH 168.4 F1 169.7 eV, HlHH
R JR, S2ps, A1 S2p,, W HIBE 0.3 eV 1Y 1 F2, I

(a) Ots Ca2p waf
¥ N
SR
Ols Cls
Nls S2p
MES
Ols w
Ca2p waf
Nis ! N
\| S2p
145 +MES
, . . . . .
1400 1200 1000 800 600 400 200 0

Binding Energy /eV

© NN
T Y
MES :
\/'\/\W/"\M‘A"\,/’\/V\A,\/\/‘A/\A/VWWW
35.6
37,7\ 3 N
FA5H +MES \\
44 42 40 38 36 34 32 30

HELAE 168.1 F1169.4 eV, X R BRI iy MES 1)
W EREH . K 9(e) M 3 FAE SR B9 N1s K 41 3% & .
A [ T 41, MES f4 N1s 1% 1 8] 400.1 eV F 2385 1E
G, Nis 1§ H B 0.3 eV ) 185, I H BLAE 399.8 eV,
XAl B B R 5L MES R TR IS Y B REM] . Ca2p
WAt & Ak 22 45 A B IE RS L4 LA K S2p il Nis
KA ARG, R4 # BN T & L (9 5% [ 5L 1A
(SO;H F1I-CONHOH ) B 43 %= 45 7 A 25 FLiE 1) Ca
W JEF (R, X R B MES b (1% B iR % 1
T2 5 R 43 00 1R A 3 T8 R A 3 M S R A Ak A RO
M EEED YR L. AN, XPS 25185 Zeta HL Y
4518 —3, MES 7E 185 ZR 18 09 WL B A T2 W B

(b) : 1,-346.8 Ca2p

s >
L : L .

354 352 350 348 346 344 342 340

Binding Energy /eV

(d) S2p

S2py)
S2p, 168.4
169.7

MES

S2p;,
168.1

S2py
169.4
55 +MES

. . . . . . . . J
176 174 172 170 168 166 164 162 160
Binding Energy /eV

(© Nls
FAT
P Asscans s A AN A
400.1
MES

M

399.8

410 408 406 404 402

I I
400 398 396 394 392

Binding Energy /eV

B9 MES I #4" fiJq B9 XPS &
Fig. 9 XPS results of scheelite before and after MES adsorption

4 #i

(1) A SCLLAS 05 R TP ER s R 4N . $hik e s 8 1k
R JECRE, AR T R R IS R A R (MES)., MES AY4L4k

TG T R L (-SO,H) A ISR (-CONHOH) Hy4E
FEM Wi, 43 942 T 1623 cm™, 1374 cm™ 11168 cm™',
MES (1) ESI-MS 3 i B T M/Znn.c,gm0,ns=364 Fl
M/Ziyioom costnons=3500 LA 25 W, 5 1 2 H 5K A



o540

RTS8 i 2R XSRS A A7) v i 2 oy PR B Y X 1 83 407 ) 26 11 R W RS AL L 5 - 17 -

M M R e A s Ak Ry, A58 T BAR =)

(2) o YV e 45 R W, SRR AH L, MES X} 4
B A PR RS . 7E pH=10.0, 2557 &
30 mg/L i, A, Jrfiffr . s RIeR 508 85.9%,
62.8% F1 53.5%. LR TRIESE R K, X405 AL
4 0.27% ) AT, 7E0 3K pH=10.0, /K 3% 5 FH 5 K
1000 g/t, MES Fi 0 720 g/t i 7% 3% 2 14 1), m LAAS:
TG SRR 1.40% FENCER N 78.89% Y TT
VEFE PR . RS H I 2 45 A 3R B MES 1E S 2 £ PR ik
), ELAWAE R Tolk b FH A5 .

(3) 4 fih 71 525 W 7, MES 5 U5 19 Bk
PERAEA DG R 5 Zeta U7 F FTIR A2 I Z5 R, 5
MES 15, I Zeta BV HE— 2 RRAK, FHESH 4
T EL T MES H 3 | W 3 | 55 i A 1R 3 () R iE
21 A, X R B MES 7] 68 LA AL 24 4E FH W B 76 (A
FTf . XPS 4 g R it — L UEH] T MES 38 i i iR
AN RIS Ca. W T & A fb 22 R N JE il Ca il
W-MES £ & W)W BE 76 (S0 R 1. W B AL BB 53 56
UE T Z2 A0 356 A B[] W o ) DL, A i3 L S B il
FIBRAE T3 A L

B ik

(1] M6, DR, sl A, & e ks RO 0. &8 971,
2021(1): 24-41.

SUN W, WEI Z, HAN H S, et al. Flotation chemistry of tungsten ore and
its practice [J]. Metal Mine, 2021(1): 24—41.

[2] WANG X, QIN W Q, JIAOF, 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.

(3] EPFe, R, XA, 45 v [ 85 7 U Hb B RRAIE 45 %% U0
I3HT 0], HB2F T 2%, 2018, 25(3): 50-58.

XIA Q L, WANG X Q, LIU Z Z, et al. Analysis of metallogenic
geological characteristics and resource potential of tungsten deposits in
China[J]. Earth Science Frontiers, 2018, 25(3): 50-58.

[4] ST, R, BT it S s i ). A ()8,
2009(4): 62—65.

CAI G P, WU Y B, CHEN S P. Analysis on world tungsten
resources [J]. World Nonferrous Metals, 2009(4): 62—65.

[5] 3otk R, SR, 55 VLG KR 0 A0 B 1 0 e i T 50
(1], A 648 T, 2017, 7(1): 44-48+81.

Al G H, XU X Y, WU H B, et al. Beneficiation test of a low—grade
scheelite in Jiangxi[J]. Nonferrous Metals Engineering, 2017, 7(1):
44—-48+81.

[6] 52l e Pk 73 1 WO IR FL il s ot [1]. &)@ 710,
2002(7): 26-28.

GUO L M. Experimental study on low—temperature emulsification of
scheelite flotation 731 collector[J]. Metal Mine, 2002(7): 26—28.

(7] Z2M09E, 2508 . (A9 07 37 2 B 8 BUIK [0). w7 7= 25 & ALJH, 2017,
32(1): 47-50.

XIAO W G. Roughing test study on recovery of low—grade scheelite
from sulfur tailings[J]. China Tungsten Industry, 2017, 32(1): 47-50.
[8] w2xil, B30, Rt 33 1w A iF i pnik e (). &8 o™

11, 2017(9): 106-110.
PENG H Q, JIAO W Y, WU D. Test on improving flotation index of a
scheelite ore[J]. Metal Mine, 2017(9): 106—110.

[ 9] NATHALIE KUPKA, MARTIN RUDOLPH. Froth flotation of scheelite—
A review[J]. International Journal of Mining Science and Technology,
2018, 28(3): 373-384.

[10] TA, oMb, #himA, 4 @i T 23R 552 0], |,

2021(6): 60-72.
WEI Z, SUN W, HAN H S, et al. Progress and practice of tungsten
flotation Process[J]. Metal Mine, 2021(6): 60—72.

(1L ] w0, AT, VREg I, 4. S8 5l R BT 58 BUIR &R 2 (0],
[ 5l 2014, 23(9): 121-124.

GAO L, LUO X P, XU H G, et al. Research status and prospect of
scheelite collector[J]. China Mining Industry, 2014, 23(9): 121-124.

[12] 2300, R4, IR, Q8575 25500 0 58 UK (1], MRS
5% 1, 2018, 12(1): 8-12.

LITG, QIU X Y, ZHOU X T. Research status of scheelite flotation
reagents[J]. Materials Research and Application, 2018, 12(1): 8-12.

(13 ] SRERME, XUV, WA, 45, IR 07 AR 14 B HlOR) i 2544 TR g
KFEMF ] A EEERE S TR, 2013, 4(5): 85-90.

ZHANG Q P, LIU R Q, CAO X F, et al. Study on the relationship
between structure and properties of fatty acid scheelite collectors[J].
Nonferrous Metals Science and Engineering, 2013, 4(5): 85-90.

[14] ERZ PH, EEE, S SRRt S4% 0. 2R
11, 2021(6): 26-43.

WANG J J, WEI Z HAN H S. Design and Assembly of flotation
reagent for tungsten ore[J]. Metal Mine, 2021(6): 26-43.

[15] QI J, ZHAO G, LIU S, et al. Strengthening flotation enrichment of
Pb( Il )—activated scheelite with N—[(3—hydroxyamino)—propoxy]—N—
hexyl dithiocarbamate[J]. Journal of Industrial and Engineering
Chemistry, 2022, 114: 338-346.

[16] GAO Y S, GAO Z Y, SUN W, et al. Selective flotation of scheelite
from calcite: A novel reagent scheme[J]. International Journal of
Mineral Processing, 2016, 154: 10—15.

[17] YAO X, YU X Y, WANG L P, et al. Preparation of cinnamic
hydroxamic acid collector and study on flotation characteristics and
mechanism of scheelite[J]. International Journal of Mining Science
and Technology, 2023, 33(6): 773—781.

[18] HAN H S, X Y, HU Y H, et al. Replacing Petrov's process with
atmospheric flotation using Pb—BHA complexes for separating
scheelite from fluorite [J]. Minerals Engineering, 2020, 145: 106053.

[19] DENG L Q, ZHAO G, ZHONG H, et al. Investigation on the selectivity
of N —((hydroxyamino)—alkyl) alkylamide surfactants for scheelite/
calcite flotation separation[J]. Journal of Industrial and Engineering
Chemistry, 2016, 33: 131-141.

[20] GUAN ZH, LU K W, ZHANG Y, et al. Mechanism of manganese ion
interaction with the surface of scheelite and calcite and its effect on
flotation separation[J]. Colloids and Surfaces A: Physicochemical and
Engineering Aspects, 2022, 648: 129397.

(21 ] JAREE . 5 m 80 R b RS0 A 4 8T 1 2080 3% (1], - 4 4
1z, 1984(4): 319-322.

ZHOU P L. Infrared spectra of wolframite and scheelite in the tungsten
deposit in southern Gannan[J]. Acta Minerologica Sinica, 1984(4):
319-322.

[22] LIU M X, LI, H, JIANG T, et al. Flotation of coarse and fine
pyrochlore using octyl hydroxamic acid and sodium oleate[J].
Minerals Engineering, 2019, 132.

(23] Z=07 0, &R, Ak H 2. 80T 328 1 5215 2 5 Po( 1)y 7 FIALIE K


https://doi.org/10.1016/j.ijmst.2017.12.001

< 18- WP 5 R 2023 4F

TE 20 b 2R B 0 AL TR BE R R (0], R TR, 2022, 42(1): benzohydroxamic acid on Pb(Il) and its application in activated
49-52. flotation of fine wolframite[J]. Mining and Metallurgy Engineering,
L IF X, ZHAO G, LIN R X. Effect mechanism of tert—butyl- 202, 42(1): 49-52.

Floatation Performance and Adsorption Mechanism of A Novel Bipolar Collector
Alkyl Hydroxamic Acid Sulfonate for Scheelite
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Abstract: A novel collector, alkyl hydroxamic acid sulfonate (MES), was synthesized using the inexpensive and widely
utilized raw materials of fatty acid methyl ester sodium sulfonate and hydroxylamine hydrochloride. The flotation
performance and adsorption mechanism of individual minerals were investigated using Fourier—transform infrared
spectroscopy (FTIR), Zeta potential analysis, and X—ray photoelectron spectroscopy (XPS). The results of micro—flotation
test revealed that compared to oleic acid, scheelite exhibited better selectivity than calcite and fluorite. At a pH of 10.0 and
a dosage of 30 mg/L, the recoveries for scheelite, calcite, and fluorite were 85.9%, 62.8%, and 53.5% respectively. Batch
flotation test outcomes demonstrated that for actual ore with a feed grade of 0.27%, the tungsten concentrate grade obtained
using MES was higher than that achieved with oleic acid. Under the flotation conditions of pulp pH=10.0, sodium silicate
dosage at 1 000 g/t, and MES dosage at 720 g/t, the tungsten concentrate grade was measured at 1.40% with a recovery rate
of 78.89%. Contact angle test results indicated the contact angle increased with the increase of MES dosage, consistent with
findings from the single mineral flotation concentration experiment. Zeta potential and FTIR analyses revealed an increase
in the electronegativity of scheelite after MES treatment, and characteristic peaks corresponding to —CH;, ~CH,, O=C—NH,
and —SO;H in MES appeared on the surface of scheelite, indicating firm adsorption by MES onto its surface. Additionally,
XPS analysis confirmed that MES chemically reacted with the Ca and W atoms through ~-CONHOH and —SO,H, forming
M-MES(M=Ca, W) complexes adsorbed onto scheelite surfaces.

Keywords: scheelite; collector; adsorption; hydroxamic acid; sulfonic acid
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