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W, F2OBER AT R m EE HLE R ahA,  Tlk
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A 2N i iR % ShE AR, 4r
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TS ek, B MR 1 i A R A R T R A B
M 2= Bt o Ak, JRORAR . B S ME A 545 TR
A AR SV 3 r s o

BREAAME . RIYRRE N TRARRAAT
B 0L AR R T AR E S
BE ISR, R — R AR TR 257 . A
VR DL FIRE A 9 A &, Gl I BT ik
RIS H % TR RA AR (PASP) . R A IR
(HPMA) A 5 K B2 (PESA) KT P Al )i % 47 N 1)
o, B EALINR . LD ERE AT AN X B2k
JEHL T REVE T RIT AT T AL

1 X3

1.1 R AR

TRI6 K 0 VRS B AN s A 4l 4 43 ) B E DY
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3 38~74 pm R IRE S EEAiAT P ik RIS A
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PRI SR FH A 22 AR i R AV AU, ol
P RRAER S TN GTHTR AN R T SR i
A, ERRRAEEACNAE pH ). Bk
NEBET K.
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BT DI IR AR AN 40 mL ) XFG H:AE
AP REAT . B 2.0 g 0 FERT 30 mL 52
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E pH fE,  ARUHNAINEIFIAHHYGR E T 3 min,
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Fig. 1 XRD patterns of pure scheelite (a) and fluorite (b)

e, T REURE, ERRER. FUaleR
FEPRIENLELH 1600 t/min, VFEEE 20 ‘CA L.

1.3 FEALMI

& H AL DELSA—440SX B! ZETA Hif7 7>
B AT o FFUGRIGHREL 30 mg RLE/NT 2 um
A E T 50 mL Bedfd, B 30 mL B 1K,
BT RIS EBRE, IO pH R BRI HE 2 min,
FE 5 min, HULEEIRRINEN YTEAUK 13
HAL. RGN, RS ek
ORI FUSGRIER, W5 2570 E S 1)
AL BEAZAFE 3 R, 2R ECFE.
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£ pH=9.5 HIZKMET, B A 7l
w4k, PASP HH{EH 3 min J&, WFEMSLIE. FIH
% pH [HIZEB KBS 3 K, FHFERT TR
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(40 C)F T4, A IRAffinity—1 7 {8 B H- 41
SMCTEACA BT LLAM T .

L5 X SHEotmFREEMR

7£ Thermo Fisher Scientific Inc ) ESCALAB
250Xi B A& B AT RE L Y XPS ReE, FE SIS TT
VERIZLANERE M. C 1s IERLETE XPS peak X
{71347, KA Shirley J77%, Lorentzian-Gaussian
EBEN 20%.
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AN E A R IR, I 2 FEH, 4
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3
=
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z e —e— 6:mg/L PASP+
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§ 20k 20 mg/L NaOL
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Fig. 2 Effect of pulp pH value on flotation recoveries of
scheelite(a) and fluorite(b)

(338 [ W 2 R T, 24 pH>10 B, B
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H—E HIER, $HI8C %I PASP. HPMA
PESA (7K 8IS . Bl 2(b)RT %1, PASP Xf %%
ATRIAHIE FH 320 5 pH BRI EIR, 4 pH<<9 K,
PASP X A7 IR RSS2k [l 22
KT 80%, < Ja il fEH W EIGoR, BA T IE M
PN T 20%. 24 HPMA fA7ERT, 784N RK: pH
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o A B E A . AR S A 1R ik [l
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PEVERDHRIRCR, A S S S A A T o .
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Fig. 3 Effect of depressant dosage on flotation recoveries

of scheelite(a) and fluorite(b)
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FOHIFIET, A V7 [a] U 28 (1 PR AR FR B /N T
fi. 2 PASP & KT 6 mg/L J5, AW FikEL
RABRFFLE 85% /5 A5, T A VR 3 SR /N
10%. TiKF PESA IR, MHFE &M T, =
VRIS A I < N Rl = FE N T P A Il S o)
3 Fh IR (VR R RN A Y 38 43 5 PR B A ol
1F 4% PASP. HPMA. PESA I VG o

2.2 PASP X B £5% FIEA MR FE TSI B R
2.2.1 AL

ANFER S pH 25 1F T, PASP X (1850 A 3K
B BAL R AN 4 B B 4 ] DUE
4 pH>2 I, FUBHFEAK e s T AR
THI7E pH<<10 I IE FL; pH> 10 B fif F1 L. 55 PASP
ER G, BV RIS A I HAL 34 R AR B B 1 8%
A A AR T A R, ORI R AR, R

(a)

—s— Scheelite
40+ — Scheelite+6 mg/L PASP

Zeta potential of scheelite/mV
W0
(e

40 - (b)

Zeta potential of fluorite/mV
(=}

~40T" e Fluorite+6 mg/L PASP
6 7 8 9 0 11 12
pH

4 PASP Xf HABH FIH{ A 5l R 52
Fig. 4 Effect of PASP on zeta potential of scheelite(a) and
fluorite(b)

B PASP W 7E (I E3H FE A R R A E R T
4 pH<<10 B}, PASP 7E5E 41 5 [HI 75 1] K A 3 5 1) &
IR Bh4h, BEA AL A REE T KT A
F58)7, B PASP 15 52 A1 2% 1] FA I B 5 528

# 1 Fion g PASP AFAE R i ER AN A5 1 FH o
B LRI (A Ny PASP FE4ERT, JHERENEIINA
i S H FE A Bh AL R AE I RS FE ) o 4
ko5 PASP YERIES, HIEREN A0 AAT AT A 14
2RI Bl H AT 2 2 FRAK, 4 pH o 9.2~9.3 B, H4Y
WAL H-27.6 mV £k 2-43.9 mV, [ MR 52
AR BN BALEA KA R A, KEH PASP fHAG
T IR AN TE T A SR T AP, TR R TE R
T (197 B S AL R 7N o

"1 PASP (FFER TR BN EAS AT I A 5l F AL ) S
Table 1 Effect of NaOL on zeta potential of scheelite and

fluorite in presence of PASP

Zeta Zeta
pH potential’/ A/mV| pH  potential”/ A/mV
mV mV
6.81 -33.7 —-12.3| 6.68 -28.1 -34
8.23 -37.8 —-13.2| 8.12 —28.5 2.4
9.28 —43.9 -163 | 9.44 —29.2 -0.9
10.69 —44.1 —6.8 | 10.03 —29.3 0.9

1) Scheelite+tPASP+NaOL; 2) Fluorite+PASP+NaOL

222 AHMEE T

K 5(a)FTs N ARSH 5 PASP 1E TG 4L 4h
JeRER. 7E PASP [HZLAMEIE, 1398 em ™' AN
C—N HZFHRBh %, 1585 cm™' Ay C=0 {14
PRENEFAEIE, 3324 e AL IE T R N—H
FaiRsh" %, 5 PASP ARG, FASH LA
tH7E 2927 cm ! A12857 em ! AL HE I T FR KL AN
I ZE IR S, 76 1703 cm 'L 1606 cm '\ 1448
em ' AMHELT C=0 BEAFFEIR G, M B
PASP 7E 450 R KA T 1A o

K s(b)HT~ NEE A5 PASP 1R AT E R4
ik K. 5 PASP AE G, AT LA Gt B R (E 2927
cm | A1 2857 cm ' Ak H I H RS HH L AR I Wi
I, 7£ 1589 cm ' AbHPL C=0 P IR 5h
e, BRI (58 B 455 . PASP & — Rl R i
IR, TEK ARG 2 R A — RAE AR 1R B I
R, WU 2P PASP B —ANHA 4 MERGE K #
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JL[COCHCH,COOHNH] {143 7%, {efE H4L,
RFEEHRIL FH BfENL: %4 pH>7 i, PASP
SEARES, TEKEHH B -4 M AT
I, fuf 57 R PASP 5547 1 FEL (18 A0 3R T 2 [ ) e
HL 5] 7] B8 A2 1 A WA 2R 1 W P B B P S AT
223 XPS W5

XI5 PASP EF AU JG I 890 Fas 4 R AT
T X HEOLHE TR T, HARMS SRR T
FEWE 2 Fion. 5 PASP /EH G, %A R Ca 2p-
O IsHIF 1s 45 & REALFE 737 N—0.17 eV.—0.19 eV
F1-0.20 eV, KT IRZELE(0.05 eV), 11H
"3RI Ca 2p MIEEEREMFZIUAN-0.09 eV, K

PASP TR AR IR BRI . B4k, 5
W A 2R 00 C RT3 &40 3 0 1.27%M1 2.13%,
1M Ca JE 15 85 B PR 1.15%1 1.18%, K B PASP
I S AR T A R A P TR B

N T #3543 Hr PASP 1E (S A A R
WP 5 3, XSRS C 1s AT 7 04,
I 6 Fin. FESH R A SRR AT C IR
¥, H XPS #E E AT C 1s WA RIS E C,
RS CO,%. 5 PASP YEMG, AN £
) Cls 454 REIGAHE 4 I TE 284.80 eV. 286.35 eV
288.08 eV Fl1288.90 eV, H A1R I C 1s £5A AEl
55> BI7E 284.80 eV. 286.30 eV. 288.20 eV Al

(a) (b)
PASP PASP
2 A & ©
Scheelite - Fluorite N
ScheelitetPASP \\I/ Fluorite+PASP
o O
[o 32N 0 S n
2R el 2 g o
A ST & £ w3
R fggs ¢
- 2960 2920 2880 2840 2800
| 1 1 1 1 I ! Wayenumber/cr ! L L L
4000 3500 3000 2500 2000 1500 1000 4000 3500 3000 2500 2000 1500 1000
Wavenumber/cm™! Wavenumber/cm™!
5 [ AR A 5 PASP 1R S LA
Fig. 5 IR spectra of scheelite(a) and fluorite(b) before and after PASP treatment
F2 FASE. A5 PASP (R RIS REL A LR T A
Table 2 Bonding energy and atom content of scheelite and fluorite before and after PASP treatment
Before PASP treatment After PASP treatment
Sample  Element
Bonding energy/eV Atom content, x/% Bonding energy/eV Atom content, x/%
C1S 284.80 279 284.80 29.17
Ca2p 346.98 12.8 346.89 11.95
Scheelite O 1s 530.41 48.15 530.44 46.59
W 4f 35.38 11.14 35.35 10.71
N 1s 400.11 1.57
C1S 284.80 21.69 284.80 23.82
Ca2p 348.06 25.48 347.89 24.30
Fluorite O 1s 531.73 6.79 531.54 6.07
F1s 685.19 46.04 684.99 44.12
N 1s 398.33 1.69
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(a)
—— Raw intensity
— Peak sum
— Background
— C—C/C—H
—C=0
— C—OH

294 202 200 288 286 284 282 280
Binding energy/eV

6 5 PASP {EHRIE A9 RN C 1s 3

(b)
—— Raw intensity
— Peak sum
— Background
— C—C/C—H
—C=0
— C—OH

294 292 290 288 286 284 282 280
Binding energy/eV

Fig. 6 C l1s spectra of scheelite surface before and after PASP treatment: (a) Scheelite; (b) Scheelite+PASP

(a)
%
— Raw intensity S
—— Peak sum <
— Background
— C—C/C—H
—C=0

294 292 290 288 286 284 282 280
Binding energy/eV

7 5 PASP fEH G AR C 1s i

(b)

— Raw intensity
— Peak sum
—— Background
— C—C/C—H
— O0—C=0
— N—C=0
— C—OH

204 202 290 288 286 284 282 280
Binding energy/eV

Fig. 7 C l1s spectra of fluorite surface before and after PASP treatment: (a) Fluorite; (b) Fluorite+PASP

289.00 eV, 43 7%t B PASP 4 FH C—C.N—C=—0
1 C—OH. C=0 LLFK O=C—O0 Mz5&aE, HI
TR RIS Y, B2 AIE S PASP £
PR A R R A T A

23 BARBREBDST SEAZESESTHNA
SEBR AT RE R B 1S H A BT A H]
ik =0, thEardRER, WO, &N
0.16%, CaF, &8N 11.28%. SEBrAr=r, KA
B RIEENAES, 7 RS —HARF IR RAERE
EES RN, 2 S BT R 2R IR Y6 2 65%
FoAT s ISINEEALEN . AKBEESTE 90°C IR R ik
30 min, M=K = HREERESRRE A

RS =5, &R T2 LA 8.

NPRIEES I [N, TR i 2 Hh AR 4 1)
A, FEEGRRED SARMC, I8R5 SRS IEE L
R, AR PASP VEHIHIF], 2552 FHEXT
FEHRLE TR R, SRS R WAR 3. HER 3
AW, BE%E PASP FEIEIN, A MY
WO, AL H i, BRI A R, H CaF, [H]
ORI PG, 24 PASP FHE N 40 g/t I, WOs i
LB 1.47%, [N 83.79%, S AT INAH]7]
AHEE, WOs inhifgm—F%, CaF, FIZE M 37.50%
F& % 23.80%.

TR b, AT — R — 43 00 SR B P 5
5, a5 R EoR, MEAIISIRIE, 58008
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Feeding

Scheelite roughing

Na,CO;

pH 9-10

Collector 250 g/t

X Collector 50 g/t

Scavenging
N
Rough scheelite concentrate
I
Concentration (60%)
NaOH 500 g/t
Water WG 4000 g/t
Cleaning 1
Cleaning 2 Scavenging 1
Cleaning 3 Scavenging 2
I —
Scheelite concentrate
Tailings
8 Y SEERAE T 2R
Fig. 8 Flotation process of scheelite in practical production
*® 3 ARSI SR
Table 3 Results of scheelite roughing tests
PAS(I;.(:E)liage/ Product Yield/% WO; grade/% WO; recovery/% CaF, grade/% CaF, recovery/%
K1 19.01 0.70 87.25 22.19 37.50
0 X1 80.99 0.024 12.75 8.68 62.50
Feeding 100.00 0.153 100.00 11.25 100.00
K2 16.33 0.83 87.10 24.38 30.21
10 X2 83.67 0.024 12.90 10.99 69.79
Feeding 100.00 0.156 100.00 13.18 100.00
K3 13.29 1.04 86.91 21.99 26.90
20 X3 86.71 0.024 13.09 9.16 73.10
Feeding 100.00 0.159 100.00 10.87 100.00
K4 11.60 1.18 86.10 25.59 25.91
30 X4 88.40 0.025 13.90 9.60 74.09
Feeding 100.00 0.159 100.00 11.45 100.00
K5 8.67 1.47 83.79 29.58 23.80
40 X5 91.33 0.027 16.21 8.99 76.20
Feeding 100.00 0.152 100.00 10.78 100.00
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RS o WO;3 AN 0.68%, FIKE N 89.40%:;
KH 40 g/t PASP {ERLIESNGIF], HSAHHASH
WOs i 1.43%, [HIREEN 87.49%, H. CaF, [l
IR 41.17%F% % 23.27%.

3 Zip

1) RIEFTH 3 PRI A AN TRk
RO A FIFREE A HHIE R, B8P R B MK IR
N PASP. HPMA. PESA [HJiiJ7i%)#. 4 NaOL H
#2420 mg/L. PASP &N 6 mg/L I}, HHELER
B (pH > 9.5) 56 A1 T SE B 1 89 ™ A0 8 7 (1) 75 4% 53
5.

2) PASP il Hoor a5t R AL 5 454
A 2T RS 5 A A PR T CE AT W2 T R AR A 5T
B, ELAES AR TR PASP B BH AT LA
LS 0t I BV 0 A SR T (PR B, T o Y R B 1
1 2 T8I (PR PR ST 82708

3) XFF WO; & &N 0.16%. CaF, & &N
11.28% TR, R — M — R AT 1 2%
S, SR SR, fERHEE N 40 g/t PASP
VEFIHIF, AHUST H WO ffZH 0.70%4 2
1.43%, [N 87.49%, CaF, UM 41.17%
B2 23.27%.
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Selective depression and mechanism of
polycarboxylic acid in flotation separation of scheelite from fluorite

CHEN Chen"?, SUN Wei’, ZHU Hai-ling’, ZHAO Zhong-wei', LIU Run-qging”

(1. School of Metallurgy and Environment, Central South University, Changsha 410083, China;
2. School of Mineral Processing and Bioengineering, Central South University, Changsha 410083, China)

Abstract: The selective inhibition effects of polyaspartic acid (PASP), polyepoxysuccinic acid (HPMA) and
polymaleic acid (PESA) on scheelite and fluorite with sodium oleate (NaOL) were investigated through pure
minerals flotation tests. The results show that PASP exhibits the strongest selective depression, followed by HPMA
and PESA. The flotation separation of scheelite from fluorite can be achieved in the addition of PASP when pH is
higher than 9.5. The real ore flotation tests show that for the feeding containing 0.16% WO; and 11.28% CaF,,
when PASP is used as depressant, the WO; grade of the obtained rough scheelite concentrate can increase from
0.70% to 1.43% with a recovery of 87.49% through a closed-circuit process of one roughing and one scavenging.
And the CaF, recovery decreases from 41.17% to 23.27%. The zeta potential measurement, infrared spectroscopic
analysis and X-ray photoelectron spectroscopy analysis results indicate that the chemical adsorption of PASP
occurs on scheelite and fluorite surface through the interaction between carboxyl and Ca™’, and the
electrostatic adsorption of PASP also occurs on fluorite surface. In addition, the adsorption of NaOL on fluorite
surface is decreased by the adsorption of PASP, but the adsorption of NaOL on scheelite surface is little affected,
resulting in the difference in hydrophobicity and floatability.

Key words: scheelite; fluorite; flotation separation; polycarboxylic acid; selective depression
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