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Table 1 Chemical composition of scheelite and calcite

Mass fraction/%

Sample

CaO WO, SiO, MgO
Scheelite 18.17 79.73 2.10 -
Calcite 55.37 - - 0.53

1.2 JFERLE

SR IR AE 40 mL 1) XFG #4807 ik
BLCEEE N 1900 r/min)HHEAT, BFIKEL 2.0 g 7 FE, TN
A 30 mL 237K, % 1 min J5, F HCI 5 NaOH
YA pHAE, #iHE 2 min JHL pHAE, S5 RUTIIA
VHEE, IMNIH )5 ] HCI/NaOH 583 pH 14,
B R BRI 2K pH (RIS, BeE IR
LA ST, #F pH EHALIE, A HCU/NaOH
K pH H 2 ARG 2 /T 1) pH E, $4F 2 min,
Tk 5 min, VEEPS SRORE P AT FRE
5 THE R .

1.3 BOERALNE FAis R BN E

W REEE R /N T 5 pm, FEREL 100 mg B T
Bedtrb, 50 mL XETK, IMAMRNZF)E, H
HCI 5 NaOH 77 pH {8, FBIsEsHE—Em a5,
W B/ 5351 513K Nano ZS—90 Zeta 43 4 il &
W RIS AL, FEAGERIL 3 RS BALE I3

TRL K H 50N Prodigy XP ) HLEGHE & 55 5 16
TR AR A (TCP )l 5 8 PR 0 1 PR VR BE o

2 SRS

21 ARASRRBER M EISEERN B85
pESvig: A
N B BRAN(SH)XT A0 77 328 [B] W = f 5 14
1ffn. BB 1A, BRI pH S0, /N
B RS R VR AR RSS2 pH=11.0 I, /N
i TR BT 1 B AT AR F AR PV 2%, R0 =475 A A
NIRBERREN RN AR, FASE IR ET B

[NaOH]=45.6 mg/L
80 |[SH]=10 mg/L
Calcite concentration: 2.5 g/L
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Fig. 1 Effect of SH on flotation recovery of scheelite with

different pH values
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Fig. 2 Effect of sodium oleate dosage on flotation recovery of

scheelite
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Fig. 3 Effect of calcite dosage on flotation recovery of

scheelite
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Fig. 4 Effect of SH dosage on flotation recovery of scheelite
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Fig. 5 Effect of CaCl, dosage on flotation recovery of
scheelite
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Table 2 Chemical reactions and equilibrium constants>!

Reaction Equilibrium constant

CaWO, =Ca®" + WO~ Kopi=1077
H'+ W03~ =HWO, K=10°*
H'+HWO, =H,WO0, K,=10*

CaCO, = Ca*" +CO3~ Kyp=10"%
H'+ CO3” =HCO; K5=10%%
H'+HCO; =H,CO, K,=10'"%
OH + Ca** = CaOH" K5=10"*
20H™+ Ca®" = Ca(OH), K=10>""
H,0=H"+OH" Ky=10%%

#[Ca*]=x, [WO{]=y, [COT ]=z, WKIR
EIINEN ¢ BALEA mol/L, FB4, pH=11.0 KA
B —J7 fR A — KAk R AR AE A 5 P 6 R XU
Xof JBL R R R AR 3 gl

R 3 FrsmEeE R R, Bt Matlab 43R
fRBCE TR, R EIBBRINIKE 51 % pH ELL K& A
BT RAT RS TIRERI SRR, &iMH, VIt
pH=11.0 I}, I 0~1.0X 107* mol/L B FR4N)E 72 pH
HALTEEN 11.00~11.06 Z[8], KRILATAEET 3
pH B X B8 45 LA R

pH=6~11.5 B} A FE R4S 5 7R E N
1.0X107° ~2.2X 10 mol/L, 4 pH=11.0 i} 4% 5 7k i
KLZIN 1.0X107° mol/L 2%, |l 7 AT 4, 688 7
I Tl A 38 o i S PR, LS B R B TR
RIER R SE 6 I A [R5 ik R Al K

FERR—8. MIBFIEE BT ESE R/, Ak
FRENIRFZH 0 #9A03) 1.0X 107 mol/L W45 5 ik fiE
H 8X 107 mol/L 4% 0.5X107° mol/L, HJ 1.0X107
mol/L BirFREN 56 2 VH bR 1 J7 il A%t 1 B9 I 1 v Wk
IR RIS, R, 7S i R AN AE TE B Bk
RN W] Y8 i 7 i o VRS YR R s, T P 6 R,
B 1.0 X 107 mol/L FRERENATE T /N I BR B 13 Ak 1%
SRZGMH AT, HUETT L, TR S S RN
FESH B U EH R, AR BT T AT
A B IH AR ER AT, T TN BEER AN S T
fie e AT RAEA EAE R, BAE R e] s A 7N B R A
X ST A R .

HHE 8 WA, NImBERRENER = 1 T A TR
LR R A AS RE I % 7 i T6l 12 590 %oF 7 il A TS AR T2 ) 52
W, EHUERT L, 7N OmE R EATE 7 il R T A B A
YI(EA SH-Ca)FfAN58 4l B 75 7 il A 3R THT, T & i
fif TV BN TR B R .
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Fig. 7  Effect of sodium carbonate on calcium ions

concentration in solution of mixed scheelite/calcite
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Table 3 Balanced chemical equations and mathematical relationship for scheelite—calcite—water system

Conservation of chemical composition

Mathematical equation

[Ca® W03 1=K,

x—107°3=0

[Ca®"|[COT 1=K,y

xz—10783=0

[H]+2[Ca**]+[CaOH" ]+ [Na*]=2[CO3 |+
[HCO; 1+ 2[WO3 ]+[HWO, ]+[OH ]

2 ++10CPH4 25+ 10PH 1261 1073-2)-10 C5 P 3,0
101033-pH),_ o(PH-14—(

[H*]+[HCO; ]+ 2[H,CO, ]+ [HWO; ]+ 2[H, WO, ] =
[OH™]-[Na*]+[CaOH "]+ 2[Ca(OH), ]

10(*pH)) +1 O(}j*pH)y +2 % 10827201 y+1 (1033pH) |

27x10U668-2DH)_ | oPH-14) | 0731 oPH-126),_n ) 5¢ [ @PH-25:23)—)
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Fig. 8 Effect of SH on solubility of calcite
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Fig. 10 Cleavage surface of scheelite (a) and calcite (b)

MR Ca #H WNe) W T

Neaseny =2/[1.2526 X 1.4829 X sin(72.784°)]= 1.127/nm?
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Neacay =1/[0.6375 X 0.4990 X sin(66.962°)]= 3.416/nm’
(2)
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THE, (EHIRE I RRUEER, BRI, N fmBERR S 15 2
THIERIS TRRIRARAES IR & 7 2 7], [, 45
BRI RS R AR B T SR CE SRR, 0 7S I R
e o, HASE 7L, DI LS N miEiR
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NIRBERR SN 5 7 fd A B R 7 T e, ik
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THT R85 125 11 /N B TR (141 T RE RS M =98 i
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1R -
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Table 4 Calculation results of group electronegativity of ions

Ion type CO> PO WO,
Xe 4.53 4.95 5.24
3 ZHig

1) NI BEBR BT A5 E™ (i A e pH {E
RISE AN TSS9 pH=11.0 I /N BERR BAXT 5
PR EEATCANHIER], SRMIAETT AT AR, 7N
TR AT ik AT ) 9 P Vi

2) T A B A B o Ak N i IR B X
PR RAMHIE T, BRIRAR 1 AN AT 7 i 9 R 4
Xt ST IR HIAT 9, ST R BR 5 A R AT (]
WSe 3 RS2 LB 11 9557 A 5 7N I B IR BT 1A (1
AGEUEHN (R

3) N IR B AE LA S TF a, (HAT B 1]
SEAE SR N i B R B A4S A R R BRI E T . T
AT E 7N A B AN FR) A P RT3 0 T A A5 18 10K

JE, BETTRENS SRAL 7S R BERR A0S A0 208 (1 4 1
Fle pH=11.0 I T BBV HT 8 B 3 A Ar i gt e A B K B
B 1T ST AT RIS, R AT RN
PR T PR A R %S T RO AE P KT X DAV
T3 R RN Al Tl B PP X A AT PR R TR AU 4

REFERENCES

[1] HU Yue-hua, GAO Zhi-yong, SUN Wei, LIU Xiao-wen.
Anisotropic surface energies and adsorption behaviors of
scheelite crystal[J]. Colloids and Surfaces A: Physicochemical
and Engineering Aspects, 2012, 415: 439—-448.

[21  YIN Wan-zhong, WANG Ji-zhen. Effects of particle size and
particle interactions on Scheelite flotation[J]. Transactions of
Nonferrous Metals Society of China, 2014, 24(11): 3682—3687.

[3] SHEPETA E D, SAMATOVA L A, KONDRAT’EV S A.
Kinetics of calcium minerals flotation from scheelite-carbonate
ores[J]. J Min Sci, 2012, 48 (4): 746—753.

[4] KRR, BOCUR, Bk R, xR, BI-AEE 7RG R S

FURT S RCIR I O e S LR [T]. B a8 AR,
2016, 26(10): 2188—2196.
ZHU Hai-ling, QIN Wen-qing, CHEN Chen, LIU Rui-zeng.
Low-temperature ~ collecting  performance  of  mixed
anionic-nonionic surfactants for scheelite flotation and its
application[J]. The Chinese Journal of Nonferrous Metals, 2016,
26(10): 2188-2196.

[S] LI CH-gen, LU Yong-xin. Selective flotation of scheelite from
calcium minerals with sodium oleate as a collector and
phosphates as modifiers. 1. Selective flotation of scheelite[J]. Int
J Miner Process, 1983, 10(3): 205-218.

61 b f, #EE, BR, R 38 B ERIEATIB TR
PR 5 1, 200003): 42-46
SUN Wei, HU Yue-hua, QIN Wen-qing, XU Jing. The status
abuot research of flotation reagent for solfram-mineral-
flotation[J]. Conservation and Ultilization of Mineral Resources,
2000(3): 42—46.

[71 SHIN B S, CHOI K S. Adsorption of sodium metasilicate on
calcium minerals[J]. Minerals and Metallurgical Processing,
1987, 2(4): 223-226.

[8] GAO Zhi-yong, BAI Ding, SUN Wei, CAO Xue-feng, HU
Yue-hua. Selective flotation of scheelite from calcite and
fluoriteusing a collector mixture[J]. Minerals Engieneering, 2015,
72(1): 23-26.

[9] FILIPPOV L O, DUVERGER A, FILIPPOVA I V, KASAINI H,
THIRY J. Selective flotation of silicates and Ca-bearing minerals:
The role of non-ionic reagent on cationic flotation[J]. Minerals
Engieneering, 2012: 36/38: 314—323.

[10] ARNOLD R, BROWNBILL E E, IHLE S W. Hallimond tube

flotation of scheelite and calcite with amines[J]. Int J Miner



2528 B 8 W

FaB, S5 7N IBERR BN SR R B R0 1 R L

1651

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

Process, 1978, 5(2): 143—152.

HU Yue-hua, YANG Fan, SUN Wei. The flotation separation of
scheelite from calcite using a quaternary ammonium salt as
collector[J]. Minerals Engineering, 2011, 24(1): 82—84.

ik IE, BIEAE, R, SCBY. RERAT S TR ILAT
S B AR LI ], A g Jm 24k, 2014, 24(9):
2366—2372.

ZHANG Ying, HU Yue-hua, WANG Yu-hua, WEN Shu-ming.
Effects of sodium silicate on flotation behavior of
calcium-bearing minerals and its mechanism[J]. The Chinese
Journal of Nonferrous Metals, 2014, 24(9): 2366—2372.

P, RERIE. K K AE ARSI P RS AN 3T ).
HE 4, 2013, 28(4): 22-25.

SUN Wei, SONG Shao-bo. The application and analysis of water
glass in the scheelite flotation[J]. China Tungsten Industry, 2013,
28(4): 22-25.

BRIEAR, REE, DAE, Zhest. QB Rk RhRy1
AHHDHFIREIERE]. T EA S E R, 2017, 27(7):
1527-1534.

QIU Ting-sheng, SONG Yi-fu, QIU Xian-hui, LI Xiao-bo.
Performance of organic depressants in scheelite flotation
system[J]. The Chinese Journal of Nonferrous Metals, 2017,
27(7): 1527-1534.

W B AE S A SO o) B AR R T R S A
MIBLBEHEFE[D]. Kb PRIREE, 2012.

ZHANG Ying. Research on the performance and mechanisms of
depressants for separating scheelite from calcareous gangue
minerals by flotation[D]. Changsha: Central South University,
2012.

CHEN Wei, FENG Qi-ming, ZHANG Guo-fan, YANG Qun,
ZHANG Cheng. The effect of sodium alginate on the flotation
separation of scheelite from calcite and fluorite[J]. Minerals
Engineering, 2017, 113: 1-7.

TV, IMESR, TR AT S SRR A
AL HTI]. HE R AAAR, 2013, 42(2): 278-283,
313.

YU Yang, SUN Chuan-yao, LU Shuo-shi. Study of floatability
and crystal chemistry analysis of scheelite and calcium
minerals[J]. Journal

Technology, 2013, 42(2): 278-283, 313.
TSI, R, SKIETE, SRR, B SN IMBERR NN 7

of China University of Mining &

filfa AL ). S E e B 2R, 2011, 21(2): 436-441.

[19]

[20]

[22]

[24]

[25]

[26]

FENG Qi-ming, ZHOU Qing-bo, ZHANG Guo-fan, LU Yi-ping,

YANG  Shao-yan.  Inhibition  mechanism of  sodium

hexametaphosphate on calcite[J]. The Chinese Journal of
Nonferrous Metals, 2011, 21(2): 436—441.

SHI Qing, ZHANG Guo-fan, FENG Qi-ming, DENG Hong.
Effect of solution chemistry on the flotation system of
smithsonite and calcite[J]. International Journal of Mineral
Processing, 2013, 119: 34-39.

B, TKRERE, KA, B N RPN Y S
fil A PRI B RIS D). hE AR R R, 2012, 22(11):
3214-3220.

LUO Na, ZHANG guo-fan, ZHU yang-ge, CUl meng-meng.
Effect of sodium hexametaphosphate on the separation of
rhodochrosite calcite[J]. The
Nonferrous Metals, 2012, 22(11): 3214-3220.

HELLE UGILT S, DiEKE P, RASMUS J, FLEMMING L.

from Chinese Journal of

Sorption of phosphate onto calcite; results from batch
experiments and surface complexation modeling[J]. Geochim
Cosmochim Acta, 2011, 75: 2911-2923.

KREFE, REO LR PR EM]. KYb: R Tk
R L, 1996: 55-84.

ZHU Yu-shuang, ZHU Jian-guang. Chemical Principle of
flotation reagentsiM]. Changsha: Central South University of
Technology Press, 1996: 55—84.

BR5et S, AR AR, EVEHE. WORLIA)AE ELAE H 5 AR 1 (M.
Kb g Tk =2 AL, 1993: 1-434.

QIU Guan-zhou, HU Yue-hua, WANG Dian-zuo. Interactions
between partilces and flotation of fine particlesfM]. Changsha:
Central South University of Technology Press, 1993: 1-434.
TLEEE, Brhet. A TR 7 MR A BT R R Y
JIEFNLBERTAE[T]. IR ()8, 1996, 12(2): 32-36.
SHEN Hui-ting, GONG Zhong-gui. The mechanism and method
to eliminate the influence of calcite on scheelite flotation[J].
Hunan Nonferrous Metals, 1996, 12(2): 32-36.

FVEVE, MR IR EIM]. Kb IR R AR,
1987: 1-260.

WANG Dian-zuo, HU Yue-hua. Flotation solution chemistry[M].
Changsha: Hunan Science and Technology Press, 1987: 1-260.
ATADEMIR M R, KITCGEBER J A, SHERGOLD H L.The
surface chemistry and flotation of scheelite 1. Solubility and
surface characteristics of precipitated calcium tungstate[J].

Jounal of Colloid and Interface Science, 1979, 71(3): 466—476.



1652 o EA 4R AR 2018 4E 8 A

Effect and mechanism of co-depressant of calcite and
sodium hexametaphosphate on scheelite flotation

WANG Ji-zhen" %, YIN Wan-zhong?, SUN Zhong-mei’

(1. School of Chemistry and Chemical Engineering, Xi’an University of Science and Technology, Xi’an 710054, China;
2. School of Resource and Civil Engineering, Northeastern University, Shenyang 110819, China;
3. State Key Laboratory of Comprehensive Utilization of Low Grade Refractory Gold Resources,
Shanghang 364200, China)

Abstract: The depressing effect of sodium hexametaphosphate and calcite on scheelite recovery was studied by flotation
tests, dissolution measurements and theoretical calculation. The results indicate that the synergistic effect existed between
sodium hexametaphosphate and calcite has significant depressing effect on the scheelite flotation. Calcite will enhance
the depression of sodium hexametaphosphate with the action of calcium ions on its surface. The carbonate ions have little
effect on the depressing effect of sodium hexametaphosphate, instead, the presence of excess carbonate ions can decrease
the synergistic depressing effect of calcite and sodium hexametaphosphate on scheelite flotation. The sodium
hexametaphosphate can not only react with the scheelite, but also it will deadsorb the calcium ions of calcite, thus
increases the calcium ions concentration in solution, which is benefit to the depression of scheelite flotation.
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