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Table 1 Content of main elements in raw ore (mass

fraction, %)

CaO WO3 SIOZ MgO A1203 Fe N320 F

24.87 0.086 49.23 243 6.16 8361 0.788 0.751

12 &5
AT H I FH 1R 9-328 24591 5 A T R Bk DA &2 % &
YGRS Ok, o aCULER 2,

1.3 #RAZE

I BT T SR 4 b oo o PR A T LA A 1 30 ) 184
OB PR R A T, I SR — I R B A SR A
AR LA Tk — i R B S TR R R VS 1 i R 2 Al
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PRI 7E BN 40 mL ) XFG B H:Al
TPIENL BT, th TV MU BER B0 S T
FEARER b R o S8 A PR 2K, Kt i FE 45 i 1

F2 W EEAA

Table 2 Main reagents used in experiments

(10£1) Co FHAFREL 2.000 g(£2 mg)l™ FEH A VF LAl
o, I 30 mL EEAKEERE 1 mins AR pH %%
F(HCI 5§ NaOH)i 4% 2 min, FUCHFHEEE 3 min, 7%
EHNE 4 mine PSS RUG R T FREUTT
&, TR,

SRR A VRIS R S I — B AN SR
A, LA SR AR SRR R B UL A 11 B ) 1
BAER . BT NIRRT MR, RS, A
eI B B NTRIEENY, SRR A pH
VAHEF . KBEF A ANEIFR] . REITRIE F-6 i,
IRIG AR N —UCHLIE . — e . IvEDRS I, Rk
PAK 3 ki, BEARMPE 1 Frs. 06 IE A B 4
W IR AR I GBI M, DRk, SRl Lk
T2 R . PRIESERUE, KRR A2
WS Mg . M. RRIBUTTRE . fBIRE, LIRS,
o1 A ARz

2 FERE5HM

21 BT MRS BB AR R T REIRF

IEIT AR

ISR LMo AR AN i oRI e g,
Kb e A 5, SRS SRR N LE 30 o
TR A LA o 20 2
2.1.1  pH fEX FASHIRIR AT N (K50

[ e R 5k 60 mg/L, AR LRI IN
HeR T 20%, 5T PIRHIBCRIAR T, pH X4
WARIRTFFIEAT A s, AR ILIE 2. A& 2 AT B
A RGN, BT 10T IE R CR R pH
TSR, 24 pH=10 I, P13 VR IE IR AL
A 22.60%; RN IRA LI —inh R B AL Wl WU I
SRR BIRER R ERIRE £ PN ERT O EEC S WA
IR 1B R™ 7 JEAT O (R i HAT AR TR A RS, B pH
ELRIHE N, SR K77 I RBCR ST A BRI, 24 pH

Reagent

Chemical formula Grade

Sodium oleate
Iso-alcohol polyoxyethylene ether(JFC-5)
Lauryl alcohol polyoxyethylene ether(MOA)
Sixteen alcohol polyoxyethylene ether(O)
Iso-alcohol polyoxyethylene ether(E-1306,1310)

C12H250(CH2CH20)nH, n=5, 7, 9, 15
C16H330(CH2CH20),7H, l’l=5, 10, 25

C,7H3;COOH Chemical pure

C,9H2,0O(CH,CH,0)sH Industrial quality
Industrial quality
Industrial quality

C13H270(CH2CH20),,H, }’l:6, 10 Industrial quallty
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Raw ore
Na,C;
Sodium silicate 200-400 g
Collector 400 g

Roughing

X Sodium silicate 6000 g >f Collector
Heating concéntration Scavenging
_f'\_\ . BN
Concentration 1 Concentrate scavenin v
AN N | | E Tailings
N : \ 2
Concentration 2 Concentrate tailings

') |
Concentration 3

2 —

v

Concentrate

1 SERRAE o AR TR TR

Fig. 1 Technological process of scheelite flotation in actual production
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Fig. 3 Effect of collector concentration on low-temperature
flotation behavior of scheelite at pH=10: (a) Iso-alcohol
polyoxyethylene ether; (b) Lauryl alcohol polyoxyethylene
ether; (c) Sixteen alcohol polyoxyethylene ether
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Fig. 4 Effect of polyoxyethylene ether adding rate on low-
temperature flotation behavior of scheelite: (a) Iso-alcohol
polyoxyethylene ether; (b) Lauryl alcohol polyoxyethylene
ether; (c) Sixteen alcohol polyoxyethylene ether
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Fig. 5 Effect of temperature on flotation behavior of scheelite
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Table 3 Flotation experiment results using flowsheet and

reagent system in industrial production

Product Yield/% WO;grade/% WO;recovery/%
Rough 3.84 1.04 36.26
concentrate
Tailing 96.16 0.07 63.73
Raw ore 100.00 0.11 100.00

22,1 R CIHEBEPSEI LR

li] 72 SR A SRR N EE R 10%, 52 BCH O
O 400 g/t, FHHAIE L IR A OIS F-6 T
RO VST PR e, SRR 4 PR, 5
B T R BT RR R F-6 HEATELAS, SREA L4k
MR I T S VR sahs, L MOA-9 Wi
s MRS 77 R 3.84% 38 N F 8.32%, [HIC K
36.26% Tt i 2 73.14%, HJRH S AL FELE] 0.03%, 3
HGCITE N
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Table 4 Experimental results of scheelite flotation using
mixed collectors of F-6 and polyoxyethylene ether of different

series at low temperature

Polyoxyethylene Product Yield/  WOj3 WO,
ether % grade/% recovery/%
Rough g3 099 73.14

concentrate
MOA-9 Tailing  91.68  0.03 26.86
Rawore  100.00  0.11 100.00

Rough
4.26 1.23 46.89

concentrate
JEC-S Tailing 9574  0.06 53.11
Rawore 100.00  0.11 100.00

Rough
3.92 1.03 44.30

concentrate

0O-10

Tailing 96.08 0.06 55.70

Rawore  100.00  0.10 100.00

222 RE IR MOA-9 73N L 2 R
HAFAEIRIEIERS, F 5T MOA-9 i L& %)
RV SR AR, R4 R K 5. bl
MOA-9 LLF G, FASH SR RS AL AR 2, 275
1.00% 247 FRde g Se g it MR K T 10%H)
WA N B, YA S KT — F-6 MBI 17 26 5

6 Ao R AR

Table 6 Results of collector dosage tests

S5 MOA-9 IS LA 4% fHak g 4 1
Table 5 Tests results of condition of MOA-9 adding rate

?dc()iﬁl; Product Yiﬂe/ld/ WO30 rec\z,\%ry/
rate/% o gradel% %
Rough concentrate ~ 5.74 1.05 58.69
5 Tailing 9426  0.05 41.31
Raw ore 100.00 0.10 100.00
Rough concentrate ~ 8.32 0.99 73.14
10 Tailing 91.68  0.03 26.86
Raw ore 100.00 0.11 100.00
Rough concentrate ~ 8.44 0.98 75.19
15 Tailing 91.56  0.03 24.81
Raw ore 100.00 0.11 100.00
Rough concentrate  8.30 1.01 76.21
20 Tailing 91.70  0.03 23.79
Raw ore 100.00 0.11 100.00

[l 5 ETHES, R KT 10%0, SEIEAN 5
LR ERE, 1 MOA-9 RINELE A 10%.
223 HilRH RIS

[ 2 MOA-9 IS INELEE R 10%, HEAT T HiloH
FER &R, IF5 5 — F-6 Ml i A =ik
TR, I E A s TR 6 e K 6 WLk

Dosage/ F-6 F-6 and MOA-9
(gth Product Yield/% WO;grade/% WOsrecovery/%  Yield/% WO;grade/% WOj; recovery/%

Rough concentrate 2.56 1.06 27.34 3.56 1.24 43.28

300 Tailing 97.44 0.07 72.66 96.44 0.06 56.72
Raw ore 100.00 0.10 100.00 100.00 0.10 100.00

Rough concentrate 3.84 1.04 36.26 8.32 0.99 73.14

400 Tailing 96.16 0.07 63.73 91.68 0.03 26.86
Raw ore 100.00 0.11 100.00 100.00 0.11 100.00

Rough concentrate 5.64 1.01 51.79 10.44 0.85 79.95

500 Tailing 94.36 0.06 48.21 89.56 0.02 20.05
Raw ore 100.00 0.11 100.00 100.00 0.11 100.00

Rough concentrate 6.88 1.01 63.17 11.01 0.84 83.32

600 Tailing 93.12 0.04 36.83 88.99 0.02 16.68
Raw ore 100.00 0.11 100.00 100.00 0.11 100.00




2194 PR R AR

2016 4 10 A

FEil, KR F-6 JlilcRIn:, IR m, A5
WRELRED 1R = e A0 W e A e di oy, H A A R4
YA, SIS, SR F-6 5 MOA-9 & BcHiliics
INF, S Rk R b TR B — F-6 I 1) 1%
Febr, RDRH™ (107 2R [ R B K T s T =
KT 400 g/t W}, VRIEFRFRARNIER 2, B IS H 0,
PSR RDRS 7= 2 R0 (R IR K, FEORIET i T
P P [R] B BARAES T 245700 FH £, AT ARG T ™ 24 7 A

23 i1ig

FUHT, VR B e 1S 3 1 TR W PR DTLEE A8 A
B IBARRE S Y B AR B 1A A SR T PR A 2 R
DA 3 BR A e T (R A )l O o T 4 SR 48 £ A kR
TR LUSE 2 1 LU R S A R I, iR B R 3R
AT PRI B e A AR A . — D T, SRAR LA TRR T I N A7tk
PR R L R AR R, RIS PEAS AR i, ik
PESE R BFAR AR TS R g A AN —E 1
LR FRIVE TR, T RS PER 41 2 (8] iR AH B
TEH, AR GO, (13 SRR R IRk J)
FNG P A B 5 PR 20, [, SRR Mk 4
TE5 ) EO JE ] E kSR 770 K 57K
BRI E AR S G, AT A 99 IE b, DA
BRI AR 5 A S, R R A R AR
B, R T ARG, B T R LRI R R
FEPE RN A O, DRI RSV R R
A 53 Ci7H3COO Fr i, M s S0 fRIG IR
TFike U7, A SRR INSE G T iR e e
FIR A R (PR BR o A8 I —JE B8 1 ST el O v e 14
AN, EETRIEERER E2: 1) JEB &
TR 1A 790 A AR B I B A7 B AN BRI PR PRI 0 3R
[ 2) AR e TR M A AR e BRAR T B 2 3R T
PEF TS TR g R g, AR B O e
W) THI VR BB N 5555 3) |R T /K 2 1) AR AR A
FH A B 2 T P 7R IR A AR A B 8 2 R T s R 0 )
W B SREO0 ERIIE, T DA BT 2R R L T A S P
TE VRS 2R T AR LR B, e R4 W B A 1 A A SR T
G, R CIRTELL TR R LR, PR R AR B
TR, TR i B A7 S SR T i)
WS B, MR AR SR T PRV K P A TR

1) F— PR S R e AR,

pH=10. JHERAHE N 60 mg/L I, HEH 1EF kR
WCRALN 20% 547

2) SRAE LT TRV 0 g 0 B AR AR A A T
(<10 “C)URA 0 iR vERE,  HILH Pk Re
MBS, VAT R IE IR KB/ ik
h R R LR T R LR T MOA &A1)
TONBERAE LIRTE O 251, Kb KB B I 1N 4
/N 14, H HLB {HAE 13~16 2 ]I BR800 2%
1 HLB {EAHIT IS, 5 SCREI SRS STk L AR &
975 Tk 8 2 R e

3) SEBR AR R Y. MOA-9 gLl H
T EEHARIRIRE S, ESGEFIETRARIEIN, OK
AR T R i, SRR B .

REFERENCES

(1] BGEWL & %, PhEMg, R, FASH R 2N S

SR W 7RG R, 2011(6): 3-5.
YIN Zhi-gang, LU Jun, SUN Zhong-mei, WU Luan-dong.
Application and research situation of the flotation reagent for
scheelite[J]. Multipurpose Utilization of Mineral Resources,
2011(6): 3-5.

21 BrigiE, fhe, EREL, BORW, skE, B SeER

R RAOGRNIF B VE e 1 7 vE[T]. EAMNE BT IR, 2003(4):
4-7.
CHEN Yuan-dao, LU Yi-ping, WANG Feng-ling, OU Le-ming,
ZHANG Guo-fan, FENG Qi-ming. Methods for improving the
flotation performance of carboxylic acid collector[J]. Metallic
Ore Dressing Abroad, 2003(4): 4-7.

31 A QK BZER, hEE. MRV IEBOR AT, BACH"
Mk, 2010(1): 31-34.

DU Fei-fei, LU Xian-jun, SUN Li-jun. Overview on low
temperature flotation technology of oleic acid[J]. Morden Ming,
2010(1): 31-34.

[4]  #heml. AT 731 ARG SRR T[], BJE L,
2002(7): 26—28.

GUO Liang-ming. Experimental research on the low-
temperature of 731 collector for scheelite[J]. Metal Mine,
2002(7): 26-28.

[5] s, JAtler, B 9, SR, R R KR, FERHK
SD A H1 W R R Al ALYk 5 B iR SR D). WIEE
{6428, 2013, 29(6): 7-9, 56.

LIU Run-qing, ZHOU Yan-hong, ZHOU lJing, HUANG
Wei-sheng, ZHU Yi-min, ZHANG Xiao-feng, JIAO Ke-cheng.
Experimental research on scheelite flotation using the efficient
low-temperature collector of SD series[J]. Hunan Nonferrous

Metal, 2013, 29(6): 7-9, 56.



26 4558 10

RHEFY, S BI-ARR T RBCRIENE VR S BRI O RE S R T

2195

(6]

(7]

(8]

(9]

[10]

[11]

FAMEZR, BAEw, XRE. REEEAL M. JEat: b2
Tk HiRRAL, 2010.

WANG Shi-rong, LI Xiang-gao, LIU Dong-zhi. Surfactant
chemistry[M]. Beijing: Chemical Industrial Press, 2010.

ATE, R S PR R R A AR JL A B AR AL B
W], BB TRER 2% 2448, 2011, 33(3): 16-19.

LI Dong-lian, ZHANG Yang. Mechanism research of mixed
collector adsorption on middle-low grade phosphorite ore
surface at low temperature[J]. Journal of Wuhan Institute of
Technology, 2011, 33(3): 16—19.

e, ATIEE, VPR, B M K WL A ERRCA T
77185 T 2GR S BGR B TBEFE ], A4 dmaT, 2012, 35(5):
25-27.

DENG Hai-bo, REN Hai-yang, XU Xia, ZHAO Jia, ZHANG
Gang. Beneficiation of the quartz-type fluorite ore by flotation
with the cold-resistant collectors[J]. Non-metallic Mines, 2012,
35(5): 25-27.

I, gk b, TR, BRI, JRIENE. Tween80 fE—7K
PEARAT IR P AR A O]. e AT (e Jm 244, 2010, 20(11):
2228-2232.

FENG Qi-ming, ZHANG Jing, LU Yi-ping, OU Le-ming,
ZHANG Guo-fan. Effect of Tween80 on flotation of diaspore[J].
The Chinese Journal of Nonferrous Metals, 2010, 20(11):
2228-2232.

W, ENERE, BB, MR /ETRATRL 1A VE e TR I
RII]. A7 (4 )m LR, 2015, 5(4): 44-48.

FENG Bo, WANG Peng-cheng, WANG Jin-qing. Application of
sodium oleate in the flotation of micro-fine scheelite[J].
Nonferrous Metals Engineering, 2015, 5(4): 44—48.

LS. QR SR TR R IEINE LS B [D]. Kb

[12]

[13]

[14]

[15]

[16]

R, 2011,
HU Hong-xi. Flotation separation of scheelite from fluorite,
calcite and quartz[D]. Changsha: Central South University, 2011.
FRE, EAe, A T oCER I PR & R SR I
P SBATE B 7 27 (0], W R 2 R (A AR B i), 2012,
25(1): 46-51.

WANG Hui-min, WANG Zhong-ni, ZHOU Wu. Surface
properties and thermodynamic properties of micellization in
binary mixtures Journal

University (Natural Science), 2012, 25(1): 46—51.
FILE, B, AHIE, XRRUA, X B, A BORER
5 Ak B AR R R B A AR T ST 0], AR A, 2012,
29(3): 312-316.

WANG Li-cheng, CAO Xu-long,

of surfactants[J]. of Liaocheng

SONG Xin-wang, LIU
Shu-juan, LIU Xia, JIANG Sheng-xiang. Studies of synergism
between sulfonate and nonionic surfactant[J]. Oilfield Chemistry,
2012, 29(3): 312-316.

B 2 R IER SRR R RARAT A K S MR AL B [D].
PNl IR, 2007.

YUE Hui. Study on the phase behavior and structure properties
of the mixed surfactant systems[D]. Yangzhou: Yangzhou
University, 2007.

XU Q, SOMASUNDARAN P. Adsorption of nonionic/anionic
surfactant mixtures, nonionic surfactants and its effect on
mineral dispersion and wettability[J].
Engineers of AIME, 1991: 91-94.

RAO H K, FORSSBERG K S E. Mixed collector systems in

Society of Mining

flotation[J]. International Journal of Mineral Processing, 1997,

51: 67-79.



2196 R 4 A AR 2016 4F 10 H

Low-temperature collecting performance of
mixed anionic-nonionic surfactants for
scheelite flotation and its application

ZHU Hai-ling, QIN Wen-qing, CHEN Chen, LIU Rui-zeng

(School of Minerals Processing and Bioengineering, Central South University, Changsha 410083, China)

Abstract: In order to improve the collecting performance of sodium oleate at low temperatures, the effect of a series of
fatty alcohol-polyoxyethylene ether with different structures on flotation behavior of scheelite were investigated by single
mineral flotation experiments and sucessfully applied in low-temperature flotation practice. The results show that sodium
oleate has poor collecting capability to scheelite at low temperature, and all the polyoxyethylene ethers used have
varying improvements. When sodium oleate concentration is 60 mg/L at pH=10, the flotation recovery of scheelite at
10 ‘C is only 20%. However, when sodium oleate and polyoxyethylene ether are mixed used with the mass ratio of 5:1,
the flotation recovery of scheelite can reach a maximum value of 85%, the floatability greatly increases. In addition, the
synergistic degree of polyoxyethylene ether to sodium oleate is closely related to the structure. When the number of
carbon atoms in the hydrophobic group is less than 14, and the hydrophile-lipophile balance number (HLB) value is in the
range of 13—16, the synergistic effect is remarkable. When the HLB value is close, the synergistic effect of branched
polyoxyethylene ether is better than that of linear one. The real ore flotation experimental results show that MOA-9 can
effectively increase the floatability of scheelite at low temperature, and significantly decrease the collector dosage, the
synergistic effect is remarkable.

Key words: scheelite; sodium oleate; polyoxyethylene ether; compound system; low-temperature flotation
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