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Solution chemistry behavior of sodium silicate in
flotation of fluorite and scheelite

SUN Wei, TANG Hong-hu, CHEN Chen

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

Abstract: Complex solution system can be difficult to deal with by conventional solution chemistry calculation. In order
to avoid this problem and investigate the influence of sodium silicate on the flotation of scheelite from fluorite,
Newton-Raphson method was applied to solution chemistry calculation. And a new kind of species distribution diagram
was drawn in terms of changing the total concentration of sodium silicate rather than the activity of silicate or hydrogen
ion. According to the study of single-mineral flotation tests, electrokinetic measurements and species distribution
diagrams, the selective surface precipitation of calcium silicate on the fluorite was identified to be the major depression
mechanism of fluorite in the flotation of separating scheelite from fluorite using sodium silicate as the modifier and
sodium oleate as the collector. X-ray photoelectron spectroscopic (XPS) analyses also provided strong evidence for this
conclusion. The results show that the selective depression of scheelite flotation from fluorite can be achieved under
conditions of moderate depression. The evaluated surface precipitation concentrations are in good agreement with the
results of flotation experiments and XPS analysis results. This study also confirms that solution chemistry calculation
with Newton-Raphson method has practical value in the interpretation and prediction of mineral flotation.
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Fig. 1 Flowchart of flotation test
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Fig. 2 Flowchart of Newton-Raphson algorithm in main MATLAB calculation program
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Table 1 Chemical reactions and equilibrium constants of

scheelite—sodium silicate—water system at 25 ‘C
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constant
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Fig. 3 Species distribution diagram for scheelite—sodium

silicate—water system (Concentration of HyWOQyq) is less than
10" mol/L): 1—WO0,>; 2—H"; 3—Si0y” ; 4—HWO, ; 5—
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Table 2 Chemical reactions and equilibrium constants of

fluorite—sodium silicate—water system at 25 ‘C

Equilibrium

Reaction Reference
constant
H,0=H"+O0OH" Kw=1.00X 107"
CaFy, =Ca®™ +2F" Kgpz=10"%2
F~+H' =HF,,, K=10%%
Ref.[16]
CaSiO5 ) =Ca™ +8i03" Kgo=10"7°
Si03” +H' = HSiO; Ke=10""?
HSiOj + H" = H,Si0, K=10"°
Ca®" +OH™ = CaOH" pi=10"*
Ref.[17]
Ca®* +20H" =Ca(OH),,, B=10>"
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Fig. 6 Relationship among Zeta potential of minerals and pH
(a) and relationship between Zeta potential of minerals and

dosage of sodium silicate (b)
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Fig. 7 Spectra of fluorite dealt with 1X 10 mol/L sodium silicate solution: (a) Si 2p spectrum; (b) F 1s spectrum; (c) O 1s

Binding energy/eV

spectrum; (d) Ca 2p spectrum (Peak fit parameters are provided in Table 3. Black solid curves are origin data curve. Blue solid curves

are Shirley background. Pink solid curves are peak fitting curve. Dash curves are peak curves)

£ 3 XPS M HEEER T 1X 1070 mol/L fe R BV I AL TR I 7 A 2 1T 41 ik
Table 3 Surface functional group compositions of fluorite dealt with 1X 10> mol/L sodium silicate solution calculated from XPS

analytical data (Peak BE is short for peak binding energy, FWHM is short for full width half maximum and x is short for mole
fraction)

Functional group Peak BE/eV FWHM/eV x/% Functional group Peak BE/leV FWHM/eV x/%
Ca 2p; of CaF, 348.2 1.5 16.31 Si 2p; of CaSiOs 103.06 1.93 2.67
Ca 2p, of CaF, 3514 1.5 16.34 F 1s of CaF, 685.2 1.5 35.27

Ca 2p; of CaSiO; 3475 1.27 7.67 O 1s of CaO— 5324 1.6 2.82

Ca 2p; of CaSiO; 350.5 1.27 7.68 O 1s of OH— 531.6 1.9 7.96

Si 2p; of CaSiOs 102.16 1.93 2.67 O 1s of Si0O— 530.4 0.99 0.61




2282

A G A R

201348 H

AR, SRERRES ARV, ATRE 1X 1077 mol/L Ak
PR AP IBL AL L 1 2 A )R T SEAT R RS DT
ARG BRI IR T AL AT S S

b=}

4 g

1) f# FH# M Newton-Raphson 11572 HEME &
AN AL B 2 AT 2 o B, B TN e AR
BIAAT S AR BRI W ade 2 R A FH LB

2) FEE TR A A I R B R il WA R A A B A R
AR AR . R AR TR PG IO A s
I, FoX) pH (SR RE S G ATy e, AN ke
FEREAE ;s AW BE S TR TvE A e i vy, e R
WIS AR TR DTUE B A ks AR Py mT v vk, AT
EBHIE .

3) XA HL ¥ e 25 SRR SE T A R TR PR A
(R, Bk T HHAEA ) S5 Zeta HOA I AL
2% Newton-Raphson 577545 ity 45

REFERENCES

(11 ERAT, 3 M, PVENS. AKBEETELLD i B 55 50 5

ST E AN ETIENT, 2008, 45(10): 6-10.
WANG Cheng-xing, DONG Xiong, SUN Ji-peng. The
application and foreground analysis of sodium silicate in mineral
processing[J]. Metallic Ore Dressing Aboroad, 2008, 45(10):
6-10.

[2] GONG W Q, KLAUBER C, WARREN L J. Mechanism of
action of sodium silicate in the flotation of apatite from
hematite[J]. International Journal of Mineral Processing, 1993,
39:251-273.

B3] MALs, L7, sRIENE, HIEH, R KBRS
FFE P E ). B B AR AR, 2010, 20(3): 551-556.
DENG Chuan-hong, MA Jun-er, ZHANG Guo-fan, FENG
Qi-ming, ZHU Yang-ge. Effect of water glass on floatation of
ilmenite[J]. The Chinese Journal of Nonferrous Metals, 2010,
20(3): 551-556.

[4]  #HE4E, B 5, EGEE, Fief. KA SR Rk

VIR B VAL 22 (0. b B A €8 G 244, 2001, 11(1):
125-130.
HU Yue-hua, JIANG Hao, QIU Guan-zhou, WANG Dian-zuo.
Solution chemistry of flotation separation of diasporic bauxite[J].
The Chinese Journal of Nonferrous Metals, 2001, 11(1):
125-130.

[5]1 Zouls, xS, dalte, £ 0, W RIFAORTH%
PRIREE L2 R B LB D). o A e 274k, 2007,
17(3): 459-464.

[10]

[11]

[12]

[16]

[17]

(18]

LI Guang-hui, LIU Mu-dan, HUANG Wu-hua, JIANG Tao, FAN
Xiao-hui. Preparation of strontium carbonate from celestite
concentrate and its solution chemistry mechanism[J]. The
Chinese Journal of Nonferrous Metals, 2007, 17(3): 459—464.
SOMASUNDARAN P. Solution chemistry of flotation[C]/
Processing. SOMASUNDARAN P.
SME/AIME: Littleton Co., 1986: 137-153.

LEGGETT D 1.

Advances in Mineral

Machine computation of equilibrium
concentrations—Some practical considerations[J]. Talanta, 1977,
24:535-542.

GIBBS J W. A method of geometrical representation of the
thermodynamic properties of substances by mean of surfaces[J].
Trans Conn Acad, 1873: 2.

SILVA G I, PETRICIOLET A B, EUBANK P T, HOLSTE J C,
HALL K R. An algebraic method that includes Gibbs
minimization for performing phase equilibrium calculations for
any number of components or phases [J]. Fluid Phase Equilibria.
2003, 210(2): 229-245.

BURGOS G I, BRENNECKE J F, STADTHERR M A. Validated
computing approach for high-pressure chemical and multiphase
equilibrium[J]. Fluid Phase Equilibria, 2004, 219 (2): 245-255.
OHANOMAH M O, THOMPSON D W. Computation of
multicomponent phase equilibrium[J]. Comput Chem Engng,
1984, 8: 147-170.

SOMASUNDARAN P, WANG D Z. Solution chemistry
(Volume 17): Minerals and reagents[M]. Elsevier Science, 2006,
3:49-50.

JHA, R, KT Sb-S-H,0 RA Sb-Na-S-H,0 i 11
AL DX R T 22 WESET]. Th B k2 g 24, 1988, 19(1):
35-43.

TANG Mo-tang, ZHAO Tian-cong. A thermodynamic study on
the basic and negative potential fields of the systems of
Sb-S-H,O and Sb-Na-S-H,O[J]. J Cent South Inst Min Metall,
1988, 19(1): 35-43.

FER A, BRI, G K. B ALK i Js B R 0],
PRI 2 BRI, 1992, 23(4): 405-411.

TANG Mo-tang, ZHAO Tian-cong, LU Jun-le. Principle and
application of the new chlorination-hydrolization process[J]. J
Cent South Inst Min Metall, 1992, 23(4): 405—411.

ZHONG Shao-lin, HEPWORTH M T. A calculation method for
determining
Hydrometallurgy, 1995, 38: 15-37.

DEAN J A. Lange’s handbook of chemistry[M]. 16th ed. New
York: McGraw-Hill Inc., 1992.

EVESE, SRR, R EIM]. KV IR R EOR
fitt, 1988, 7(4): 199.

WANG Dian-zuo, HU Yue-hua.
flotation[M]. Changsha: Hunan Scientific Press, 1988, 7(4): 199.
VFOW, B, SRR - RO R T
RE ST, B OE)E: s, 1987(1): 34-37.

equilibria in metal-ammonia-water[J].

Solution chemistry of



523 B3 8 ) 7

5, &%

AT VR 20 B AR R R B K W AL AT A

2283

[19]

[20]

[21]

[22]

(23]

XU shi, MENG Shu-qing, GUO De-man. Study on the effects of
Scheelite-amphoteric collector system flotation technique[J].
Nonferrous Metals: Mineral Processing Section, 1987(1): 34-37.
PUGH R J. The role of the solution chemistry of dodecylamine
and oleic acid collectors in the flotation of fluorite[J]. Colloids
and Surfaces, 1986, 18(1): 19-41.

YU Juan, YANG Hong-ying, FAN You-jing. Effect of potential

on characteristics of surface film on natural chalcopyrite[J].

Transactions of Nonferrous Metals Society of China, 2011, 21(8):

1880—1886.

HU Yue-hua, RUAN Chi, XU Zheng-he. Solution chemistry
study of salt-type mineral flotation systems: Role of inorganic
dispersants[J]. Ind Eng Chem Res, 2003, 42: 1641-1647.
b, BTUR, B fE, RGN, BRI AR ik
JEI XPS 3 Hr[0]. H EAA 4 4], 2011, 21(1): 165-170.
HUA Zhong-sheng, YAO Guang-chun, MA Jia, ZHANG
Zhi-gang, LIANG Li-si. XPS analysis of nickel layers on carbon

fibers[J]. The Chinese Journal of Nonferrous Metals, 2011, 21(1):

165-170.

RN, 2= 3R, B, EE A RERENIREE B G Bk
LI SEMA[T]. #RERR: 5 T8, 2006, 14(1): 28-31, 98.

QIAN lJian-gang, LI Di, WANG Xue-li, GUO Bao-lan. Effects of

[24]

[25]

[26]

[27]

concentration of sodium silicate on anodizing for magnesium
alloys[J]. Materials Science and Technology, 2006, 14(1): 28-31,
98.

BRIGGS D, SEAH M P. Practical surface analysis[M]. 2nd ed.
New York: John Wiley & Sons, 1993: 201-255.

DZHURINSKII B F, GATI D, SERGUSHIN N P, NEFEDOV V
I, SALYN Y V. Simple and coordination compounds. An X-ray
photoelectron spectroscopic study of certain oxides[J]. Russian
Journal of Inorganic Chemistry, 1975, 20: 2307-2314.

COSTA D, MARCUS P, YANG W P. Resistance to pitting and
chemical composition of passive films of a Fe-17%Cr alloy in
chloride-containing acid solution[J]. Journal Electrochem Soc,
1994, 141(10): 2669-2676.

KANEDO Y, SUGIOHARA Y. Observation of Si2p binding
energy by ESCA and determination of O, O” and O* ions in
silicates[D]. Sendai: Graduate School, Tohoku University, 1977:
285-289.

WAGNER C D, MOULDER J F, DAVIS L E, RIGGS W M.
Handbook of X-ray photoelectron spectroscopy[M]. Eden Prairie,
Minnesota: Perking-Elmer Corporation, 1979: 52—53, 64—65.

(4w RITH)



