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A Study on the Behaviors of Froth Flotation for
Improvement of Beneficiation Efficiency of Uljin
Scheelite Ore

Go, Byunghun

Department of Ocean Energy & Resources Engineering

Graduate School of Korea Maritime and Ocean University

Abstract

The flotation behaviors of tungsten ores, which shows extremely poor
reserves in Korea, was investigated to improve the separaion efficiency for

establishing stable supply system of tungsten.

The head ore used in this study was obtained from Dongbo mine, Uljin
area. The ore contains about 0.75%WOs scheelite and gangue minerals such
as quartz, albite, biotite, and chlorite. It consists of 74.43% SiO,, 8.29%
Al,Os, 8.15% Fey0s3, and 3.14% CaO.

In general, the flotation process of scheelite-silicate mineral type scheelite
ore was established. However it is difficult to improve the efficiency, in the

case of the ore containing Ca ion such as calcite, apatite, and fluorite
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due to their similar physicochemical surface properties. In order to separate
the Ca ion containing minerals and scheelite, the froth flotation was carried
out with the excess charge of pH regulator and depressant. The effects of
flotation factors, such as amount of pH regulator and depressant dosages,
kinds of reagents, pulp densities and particle sizes, were investigated to

determine the optimum flotation condition.

In the conventional processes, the preferred amount of pH regulator and
depressant for froth flotation of scheelite usually does not exceed more
than 1,500g/t. However, in this study, pH regulator and depressant with
more than 1,500g/t were used to obtain relatively higher grade and recovery

of scheelite concentrate.

The optimum condition obtained was as follows, -200mesh ground sample,
35w/v% in pulp density, 1,500rpm in impeller velocity and the addition of
reagents in  sequence  such ~as Na,COs(pH regulator)  3,000g/t,
NaySiOs(depressant)  4,000g/t,  oleic  acid(collector)  150g/t, = Lankropol
8300(frother) 25g/t, respectively. The cleaner flotation using the rougher
concentrate was performed with 2 cleaning stages. The result shows that
the grade and recovery of scheelite concentrate are 74.6%WO; and
73%WO3 respectively.

KEY WORDS: Flotation #-f41"; Scheelite 3]%4]; Excess charge %37}

pH regulator pH 27 A); Depressant <A A
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Table 1 The main types of deposit of tungsten ore

Deposit Parent rock Minerals Type of ore
Granitic intrusive | Cassiterite, Arsenopyrite, ,
Hydrothermal , . Vein

rock Bismuthinite

Sk Limestone, Pyrrhotite, Chalcopyrite, Delusion,

arn
Dolomite Sphalerite [rregular
Sedimentary

Bedded rock, Volcanic - Lamellar

rock

Table 2 Reserves of tungsten ore in the world (Unit : ton)

Occupancy rate
Country name Reserves (A) Rank
(A/B,%)
China 1,900,000 57.6 1
Canada 290,000 8.8 2
Russia 250,000 7.6 3
Australia 160,000 4.8 4
US.A 140,000 4.2 5
Vietnam 87,000 2.6 6
Bolivia 53,000 1.6 7
Austria 10,000 0.3 8
Portugal 4,200 0.1 9
Etc. 360,000 10.9
World total 3,300,000 (B) 100.0




B2El BEe 3 A FEE ARSEHW of 20 Fo] ¥ A Atk BT
2J(Hubnerite, MnWOy,), &%W3+Z4(Wolframite, (Fe,Mn)WO,), %4 (Ferberite,
FeWOs), 18]3 3]541(Scheelite, CaWO)O. 2 4%Fo|t} o] ZF 3 =40 714
Aol v BEE EHA AT (HEA 9, 2014

(Tetragonal system)®] ZAA S o|FH FA - JHo=E AEdT. WMo g
MERG glo] ga FAl, 2, 4, =4, A5 g FeE ok oy
R HFHe Fe A9 sholA F2aEW A PP U Weh
Table 3& F8 F439 sstxd 2 &84 545 vUehd ZolH, Fig 1&
9 FNFS Uehd Aol
Table 3 Major tungsten minerals
Mineral Chemical Content of Specific
- Hardness '
name composition W, % gravity
Huebnerite MnWOQq 60.7 5~5.5 6.8
Wolframite | (Fe,Mn)WQq 60.0~60.7 5~5.5 6.1~7.5
Ferberite FeWQ, 60.6 5~5.5 6.7~7.5
Scheelite CaWO, 60.6 4.5~5 5.9~6.1




Hubnerite Wolframite

Ferberite Scheelite

Fig. 1 Major tungsten minerals(3+=3& x4 ZAL, 2015)
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|23 1A S(Compact stern layen)E o] FiL 1 F9]o ThA|

Eéo] o) z] 5} 7]_%_/R

kS (Mobile diffuse layer)o] A oA Z7]

Hiojj o] & 4315 d

olFF < WETHFig 4). FEYATF FA EHoA o]z e dAtd & A
o] 4RI} B&Eo A olFstA HEH, I A o|FHo|A FEERpel XA
T Atold A H(Slipping plane)e] FAHE T ATHANAY HH7] A& A

b
ol

B} $1(Zeta potentiahztar @b, A7) A9l AdHAAREH HH 3¢
o] gak=o] ¢)=9] o]l28] 0(Zero)e] BT}

=
2
N
£
Al
2
O

Atz o7 BFEAY FH WY (Surface charge)S AT
A3 SAHAS Y= AuAAE SAHS =W HAUAW e YE L
ATt AEAA7F 0Zero)?l pHE SAAHUIEP, Isoelectric point), 4793
(PZC, Point of zero charge)o|gtal st, =88 Ao &A3l= FES
Ho}h ¥ pH oAM= o2 33 Hej9a, [EPRT &2 pH
SO 2 3 HolTh
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Fig. 4 Relationship between zeta potential and surface potential in electrical
double layer of mineral particle in an aqueous solution(Source: Wikipedia)
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232 FrAd H BRAEY] FF

a. FrAdE FHF
FRAEE &5 Aol 7 FEdAsel FHSd S5 olF= 4
w2t o RAIBulk oil flotation), R FA(Film or skin flotation) @il
R A(Froth flotation o2 EF & 4 Joy, OfFAy FHAHEHL
A AHEHA Fa AT FAAECAA S FES dgcte W e A
=] =
B

i)

X (Direct flotation), & XA (Reverse flotation), =&5A(Bulk flotation) 1]
A8 FAd(Selective flotation) 0.2 T8 4 glow, o] FolA HH FHA
=02
15

o AHgHTh Table 4 7+ R0 B4 JER)QTHWills, 1997).

R

o]

Table 4 Classification of froth flotation

Classification Description

The flotation that make only target
Direct flotation material(useful component) float and useless

material remained in the slurry
The flotation that useless material removed by

Reverse flotation floating and make the target material remained

and collect it.

_ The flotation that make materials having a similar
Bulk flotation .
surface properties afloat at once

The flotation that make target materials float step
Selective flotation by step from raw ore or concentrate of bulk

flotation
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Table 5 Classification of flotation machine

Classification Flotation machine

' o M.S. standard flotation machine,
Mechanical-agitation type ‘ ,
Janney flotation machine

M.S sub-A flotation machine,
Mechanical-agitation M.S. countercurrent sub-A flotation machine,
sub-aeration type Denver sub-A flotation machine,

Fagergren flotation machine

Callow flotation machine

Pneumatin type Southwestern flotation machine

Callow Mac-Intosh flotation machine

Fig. 5 Photograph of lab scale flotation

machine
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"ol Fd71A Yol o) B FAEL HFEE FAEEsL vl WMok of
44 G BAHIG FATH FHANAE MBHHo|n, T A
gyo] tha okttt LA Uk

Polar group

Non-polar group
Mineral

Fig. 6 Collector adsorption on mineral surface

ﬁ Couectors 1
Non-ionising Tonising
Liquid. non-polar hydrocarbons . al
Which do not dissociate in water *
Cationic
f -y Cation is water repellent.
' Based on pentavalent nitroge
Onyhydryl Sulphydryl
Based on organic and Based on bivalent sulphur
sulpho acid groups l
Carboxylic Sulphates Sulphonates l l
/0 0 ‘I, Xanthates Dithiophosphates
- 0 S
0 § —o=¢ v
(Fatty acids and soups) \

S o/ \s

Fig. 7 Classification of flotation collectors
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Cation : Ankip
O HHHHHEHH HHHHHHHH
(1 T R N R R [ A I N NN N
H-0—-C+=C~-C~-C~C~C~-C=(C~-C=C~-C~(C—~C~C~C=C—C—=C—H
I N & 3 2 ¥ ¥y xv.e ) U N Y
o H HHHHHHHHMHMHMHMHMHMHHMH
group ) Non-polar group R
B Anion
T :Cation
H H
HoC % G- df—C
1 | s —K
H He
Non-polar group Polar group

Fig. 8 Structure of anionic collectors (A) Oleic acid in oxyhydryl collector, (B)

potassium ethyl xanthate in sulphydryl collector
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b. 71 A (Frother)

SHol RARAHS ASAIA 7Ixe] AYHE &olatA st 7E A E

Rolst=E Hrlsts Alofolth 72AS 7 EFL dubz oz {374 -

OH, COOH, CO, NHy, CN &)l 3}} == 1 o]ito] &slsir|7 2

=4 Edolth. & E4 oA dFoRE ALY FAVE AL, A5
= 71E-= AdelA Fig. 99 Zo] wMixdn. AAZ AEHE 7]

Ao o] 23tE A otk atal, AFe 83 %=(0.2~0.5g/HE 7HX

Dudenkove} Galikov(1969)ll ¢Jsl® pHell W& =2 whgo] Az wat 7%
A& Table 63 o] &7 & ot & AFolA A& 7| ZA) = Akzonobel
Aol A|E<Q] Lankropol K-83002 Ap&3le] sty o, T4 7|ZAZ F=&
Aol Zg =8 Z(PolyglycoDd o] 43t} Fig. 10& Lankropol K-83002] =22 =
5 YE A

Polar
Non-Polar

Fig. 9 Action of the frother in aqueous solution
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Table 6 Classification of frother by means of frother behavior at different pH

values
Acidic Neutral Basic
Aliphatic alcohols
Cyclic alcohols
Alkoxy paraffins
Phenols

Polypropylene glycol ethers Pyridine base
Alkyl sulfates
Polyglycol ethers

Polyglycol glycerol ethers

QL TN O

T [
RO—C—C—CHs- — 0O N®

Isc:%> NG

Fig. 10 Structure of Lankropol K-8300
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c. YA A (Depressant)

FAAE A, AAE e A ARE Foll A8 FEY AF FREE A
st7] 98l FA7bete AlFoZ sty oo FEs JAsty HHF=Ne B
AN o AR BE AAAlE AR BEe BHY FEEE 59T
o, FEUA BHAXMY HFZto] AstEo] Lo Rz EIIeA THEo
=t gdAA= F7]=(norganic) AA| A<} #7]1&(Organic) AAAZ IA +F/
g g AdoeH, FrlE dAAES FE IR HZEEE dAAE ARE
Ha AT

23

K

E AAAE ARJMMEFNaCN)e] de] ArEH™, g-Fg-ofd, 18
Tel-otd BEY AYF RFAEAA dotd A FHA T2 54T 43}
BE JAAE AHEET ARJMIEFY gl os) A4dH CN' = tiF&9 &
3} FEol et ZHE JAAZA FAESH, o]AES o HE oo E W
o] AH&3tH M WeEX XA "t AJUEFS JA A& LrtEA
oA ZEstA vebar, pH7E RolAE O adrt ofsiith ARSIV EFS
FA F e AEE, § F, 2 I8 78 59 &3iAE B ofye A
Aol A3 A4S 7HAERE F8 A= AHge 7]9ste AF Ak vS3g
= AAAZ Z%% o] FE A& FAHEFNSIOYolt. FAYEFS 4
Ao oA T4 2 FA8Y T FHS S ddES AHEE Bl A
g o o] FE o9 A WA M AT 7] fEte] AT
71 )l Sodium fluoride, Polyphosphates, Phosphoric %©] AF&¥ T},

el

F71E AAA FoNA F7] S (Organic polymer) A A= dg] 22o0]aL ¢
= F71= AAA v € Felstal wiZol] 159 AREY dAlo] FUleta
A= FAlo]tHLiu and Laskowski, 1989). ©]oll <3} Starch, Tannin,
Quebracho, Dextrin®} &2 AA A= FEANA o] 23 A FAT FY
(Slime) EHS I3t 259 FFE gAY, Ao = &4, Wy, 5
AAe &3} ot BRaEar JoHPugh, 1989). %ﬂ"*(OrganiC acid) SAA
= ASlEES 2Fete 34 FRAddEe ol ol&FHa Jed, FE WA o

UTH Table 72 AAA7E FFAE Al A 6h+= %%%% 3

AAZ ALEH T
gtaked LhERA Aolth.

i

t

O ol
O
=0

it
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Table 7 Depressant for gangue minerals in froth flotation

Kind of depressants

Minerals applied in froth flotation

Tannic acid?

Tourmaline, Dolomite

Latic acid®

Hornblende, Pyroxene, Biotite

Na,SiFg** Quartz, Feldspar, Amphibole, Mica
NaySiOs? Quartz, Mica, Feldspar
Quebracho™? Calcite, Borite, Pyrite

NazPO,° Galena

Dextrin® Chloride, Magnesite, Dolomite
CcMmchd Talc, Dolomite

(NaPO3)¢" Antigorite, Serpetine Slime
Starch® Talc, Clay, Serpentine, Grasphite, Mica

“Bulatovic, 2010, PBulatovic, 2007, ‘Razvozzhaev and Nikiforov, 1973.

do] 7+&, 1980, °Lu Yi-Ping and Zhang Ming-qiang, 2011.
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d. &4 A (Activator)

i

ZAo Seuee YosAY, EE Fael ofs) 1 FEo| Wad FA
& F=% Arkshe Aoolth BHAE F7e
A GPe T Wk ofuel, A mA FAY Al

FHA<s At @A 1 850 wet F&A ==
Q

1A dAHYY FEY RHE
P4 T Zoln, PAE AF FHY F WAL REEt 2o FES
s AbsE otk wa fIY A4H FE wHe b g

e. pH=Z A (pH regulator)

Fe] pHE Aoz xdstr] fs FrbslF+ Alefoltt. F=2 FH Y
pHoll we} FR=rl @A=H, FL0l29 v -8 54 F=
FANN = HZAZI7| 5 o &35380] A 5ol= pHel 7 B I

o}, pH 1~6914%E 100%2] 3]4=8&-< Holx|gk pH 7 n
o WA, 3539 7-pole= pHel met Ao IFS A Ferh o)A
A= AAAZE H71= st AT HY1 =

ok
&
o)
T
BN
2
By
fu
r
o

UEF, TRV ER, F3UEF, ANHME 5& A&t Table 82 &= Ft

AEA tEZ o= 2ol pHEHEAE A st

f. E4FA(Dispersant)

BYSlime)7t B2 B RfFdEoAE oS #4AMAZE F8Ao] Urh
ol & 3l HIIE & Algo] EAHAlolth oW FHY HFU FEol&Tl AME
=, A EFGodium silicate)®] A -¢-olle Ik WA o wlygR F4ke] &3
Z o]t}
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Table 8 Acid and alkaline pH regulators used in froth flotation

Chemical name

Chemical formula

Specific gravity

. . 1.84
Sulfuric acid HySO,4 _
(95% solution)
‘ ‘ 1.17
Hydrochloric acid HCI '
(33% solution)
Sulfurous acid H>SO3 -
Sodium sulfide Na,S -
Sodium carbonate Na,COs 2.5
Na,COs(various grades of
Soda ash . -
sodium carbonate)
Lime CaO 2.13
Sodium hydroxide NaOH 2.13
Ammonia NH,OH 0.68* (*At boiling point)
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A3 ANE R AF T

glst7] 93l ICP-AES(nductively coupled plasma Atomic Emission
Spectroscopy) 2 XRF(X-ray fluorescence) #4218 A3 A3E UehA H o]
o 933 WOs &&ol 0.75%°1™, SiO.2F Al,Os7t 22t 74.43%2F 8.29%, FeyOs
o} CaO7F Z+2t 8.15%%} 3.14%= ety WA FE thFio] atdd=3 A5
A AshgER ol Folflees B9 F Uh

Fig. 132 XRF &44% 14 7t 74 d4e] Zdd=s< 79387 fs
o} XRD(X-ray diffraction) #X4d3& Yebd Aot T4& Ikl A=
B FELS 354 (Scheelite, CaWO L. 2 FHEJeH, F2 WAFEZE 4
4 (Quartz, SiOy, Z744(Albite, NaAlSisOg), =X (Biotite, K(Mg,Fe);AlSisO10(OH)y),
=1 4 (Chlorite, (Mg,Fe,AD12(S1,ADgO2(OH)19)3} 22 14+ FE=Z SRA=E AT
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. 12 Sampling of the head sample

Table 9 Chemical analysis of the head sample

Chemical composition(%)

WOg* SiOz Aleg F6203 CaO MgO
0.75 74.43 8.29 8.15 3.14 0.97
KzO NazO TiOz MnO P205 -
0.77 1.78 0.23 0.04 0.044 -
*The grade of WO; is analyzed by ICP.
Ab Ab : Albits
Bt : Biotit=
z %gﬂ%ﬁ
b 5S¢ : Bcheslite
7
c
=
=

T

Fig. 13 XRD analysis of the head sample
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09,

Fig. 14 Polarization microscope analysis of head sample. (A)

and (C) opened nicol, (B) and (D) crossed nicol.
Sc=Scheelite

Table 10 Size distribution and chemical analysis of fractures of the head sample

crushed
Fracture(mesh) Weight.(%) g of Distribution of
WO3(%) WO3(%)
+8 32.1 0.54 23.1
-8+16 27.2 0.67 24.3
-16+28 15.5 0.87 18.0
-28+35 3.7 0.92 4.5
-35+48 6.3 1.11 9.3
-48+65 4.4 0.98 5.7
-65+100 3.7 0.88 4.3
-100 7.1 1.15 10.8
Total 100.0 0.75 100.0
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3.2 A3

Ca ol2<s T3 FEES IAH syl #std pHEH A (sodium
carbonate, Na;CO3) & A A|(Sodium silicate, Na,SiO)2] A H7}E #-83}a
AYS HAgPstg o, pHEREA 2 JAA HI7lE, A 2 71ZA 9 T+,
AN g9 JA=A7], FAY F5, ASHYE &4 T 2L 2d¥s A4S
sl HAZAE FFHATH
Fig. 156 £ d79 354 FRAEES A% 4FIAEE YEHA Folth H
A A% YAAVE A=

=, Asieve)E o] &3t -200mesh(75 pm)e] YEE Xﬂ_/‘sé}gil:}_ oy, =
B Biotite) = YATZ7 AP BE ASieve)S F3 1xA 02 AV} 75

BaAd Ao AdAE Denver sub-Ag el B{FAAEZE ALESIH oW, A
= TE

BaxE 7)ol A(Celdo) Ba 3

ZH9 ANs+e 35%solidol| 4] 1,500 rpm.2.
2 kst EHAEE AASAT.
ol A Hpidel oA &slgE(Culfides) AAE AT F3ts FrddEs 2

AlBFE T ol AMEH Ak E4A 2 Potassium ethyl xanthate(KEX), 7|34
2 Methyl isobutyl carbinolMIBC)S A}&38F1 o™, AleFe] whH§-A]7HCondition
time) EA 5%, 71ZA 1€ F93A T,

F3tE FHAE HFAHA wlEH = AHEEink produch= tide® IFH =
ARds AAsdt. olm A" A2 pHEHEAE Sodium
carbonate(Na,CO3) ~ JA|Al&2  Sodium  silicate(Na,Si03), ZFAZ  Oleic
acid(Ci7H3COOH), 7] A &2 Lankropol K-8300< AR&3te APS FdstA S
o, pHEHA -AA A -L A -7 24 o) =HZ Alfs A7 AleFe] whe
AZE2 pHEAA G AAAE cANE H7bsted 108, 244 1&, 71ZA
< Fost ol F 239 AAde 4

€ L200rpme.2 w50 A< st Q%“ 41 4Fe kit

=

Table 118 2548 Aol la =A% W5S Ao
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Rawsample

over Olmem

Biotite

Sulfide flotation

WO3 Final Conc.

Fig. 15 Process of scheelite flotation
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Table 11 Conditions and variables in scheelite flotation process

Factor Unit Variables Remarks
Fixed N&zCOg
1,000, 2,000, 3,000, 4,000
Dosage of it 300g/t
depressant g 1,000, 2,000, 3,000, 4,000, Fixed Na,COs
5,000 3,000g/t
Dosage of pH Fixed Na,SiO
8¢ 08 P glt 1000, 2,000, 3.000, 4,000 I3
regulator 4,000g/t
P/D( 10" )-C-F*, Excess charge
Adding sequence D/PC 107 )-C-F of reagents
of reagent P/D(C 10’ )-C-F, General charge
D/P( 107 )-C-F of reagents
Kind of pH
Na,COs3, NaOH, Na,S, CaO
regulator
Oleic acid,
_ AERO 726,
Kind of collector
ES-2,
Sodium oleate
Dosage of
5 g/t 100, 150, 200, 300
collector
Lankropol K-8300,
. Pine oil,
Kind of frother
MIBC,
AF 65
Pulp density %solid 15, 25, 35, 45
Particle size of
mesh -65, -100, -200, -325

the sample

*P . pH regulator, D : Depressant, C : Collector, F : Frother
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A4 Ad 23 " aF

41 3FA-7F2d AT B i W@rhE =2

dRrH o w T4t FE AT IFHFY FAAELS pHREAZ
SHabU E & (Sodium  carbonate,  Na,COs), 24 XﬂXﬂi T4 E F(Sodium
silicate, Na,SiO)E AF-&3tH, pHEAA -AA A -LZFA|-71 A OS2 AFH7}
2 sl muA ¢53 3FA AFY 3471 7FsstHHicyilmaz et al., 1993).
o, BMMUEFIH TAUEFS H7FEEL ZZb 250~1,500g/t(Wayne, 1976),
200~1,500g/t(= B A AFEA T4, 19702 dHA Ao, olHT 3 T4 -4
A AT FEY IdtdQ] HbE 2dS B ATY AR HEAIA B
Table 129} Table 132 27 Ao AR&H Aleke A7t =d3 A9 A3
5 Yehd Folg. Ay 21 FAFSE 35%solid, ¥A=7] -200mesh, nLREE:
= 1,500rpmol A pHZHA(NaxCOs)  300g/t-<3 A Al (Na,Si0;)  1,000g/t-E
(Oleic acid) 150g/t-7]3ZAl(Lankropol K-8300) 25g/t =02 AJ<kS 7}
o, A FH G A= AREEE 1,200)pme2 B0 HAHS 3
oh Aok WEGAIZEE pHEAEA S} AAAE =AE H7Este 10E,
i, 7 EA 1ES Fo AT
Ad Ax, F99 &0 4 30.1%W0s, 83.7%= UEGoH, 3T
A AlE BEY dRkAQ HUME 2ddA = FS B AV s &
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Table 12 Test condition and reagent dosage (general dosage of scheelite-silicate
mineral type)

. . Dosage(g/t)
Flotation circuit Reagent : :
Rougher | Cleaning 1 | Cleaning 2
, Z-6(KAX) 150 - -
Sulfides

MIBC 50 - -

NayCOs 300(pH 10) - -

) NaySiOs3 1000 - -
scheelite : :

Oleic acid 150 - -

Lankropol K-8300 25 - -

Table 13 Test result (general dosage of scheelite-silicate mineral type)

Product Weight(%) Grade(WO3%) Recovery(WO3;%)
WO; Conc. Qb 30.10 88.7
Mid. 2 0.1 13.00 2.1
Mid.1 1.7 0.74 1.7
Biotite o) 0.09 1.1
Sulfides > 0.21 14
Tail. 82.2 0.04 4.9
Total 100.0 0.70523 100.0
Fr - Fluorite

Intensity
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IEA Q1 A 7FH(200~1,500g/0 X ok &2 1,000, 2,000, 3,000, 4,000g/te. =

Fig. 17& TAMGEF 7t W& 54 ABY F99% &S Y
Aot ¥ zxHe FIdFE 35%solid, UA=Z7] -200mesh, wHFET

1,500rpmell Al pHZEZEA(Na,CO3)  300g/t-< A A (NasSiOz)-Z A (Oleic  acid)
150g/t-7]1 A (Lankropol K-8300) 25g/t cO. 2 Al¢ks A7t o, vhxdt A
A A= avrEEE 1,200rpme 2 BFo] 23S syt Aol uh
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@ thBulatovic, 2007). AA A2 A& T4t EF(Sodium silicate, NaySiOs)
gololA A )@@ 2ol olest ° 4 3

o g

Na,SiO; + 2H,O — H,SiO3 + 2NaOH (D
H,Si03 — H' + HSIO3” )
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Fig. 17 Effect of dosage of sodium silicate at fixed sodium

carbonate 300g/t
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4.2.2 pH=EA 9 J7tEe 9F

3las e 2R fstd e g AZs & 4+ e Wee pHxA
Az AHgE B4 EFSodium carbonate, Na,COz)el F7Folt). A 4.2.19]
AFRE vt O E AAA)] FAUYEFES AIH7E A1 AFEI(4,000g/D00 4 BHAF
UEFO Hrtes 34114 Al B=9 dubaQl A 7FH250~1,500g/H) 2
o 22 1,000, 2,000, 3,000, 4,000g/te.2 HYHIIE AlAH RO}
Fig. 18& BRIYEEF 7l W& 54 AP FH% des Y
Aolty, Ay ZAL FAdem 35%solid, YAF7] -200mesh, nHFEE
1,500rpmell 4] pHZA Al(NaxCO3)- A A (Na,SiOs) — 4,000g/t-3Z A (Oleic  acid)
150g/t—7]EXJ](Lankropol K-8300) 25g/t <=0 2 A|eFS FH7lstow, npxat A
A A= £55 1,200rpme g H3o] AS FPAT. Ak bk
N7k pH&@XﬂS’Jr AANAE AHNE H7bst 108, 24 138, 71324 1

3,000g/t7} A= 79.1%WO0s, 72.1%W03, 74.6%WO;=  H| =37 73@% Holth

3,000g/te 71H o2 olrt} HIFFol F7FstH(4,000g/t) 3F4 AHFe EFH7F

46.2%W0s2 238 fadts 4de &0 & & AT
E

A8 A7 JtHBotelho Sousa and Machado, 2012).

webA  Fig. 18914 el w9} 7Lo] gBAUES  3,000g/t, TAUESE
4,000g/te] =ANA Foek FFEo] 42 T46%W0s, 73%2 T4 AT B3
< 3 s
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Fig. 18 Effect of dosage of sodium carbonate at fixed sodium
silicate 4,000g/t
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4.2.3 AAA, pHEEA 9] HZH7MF &<

AAA et pHEZEA S AAH7IES FAstr] flste] 4.229 AxE wgo=
pHEAEAZ AHEHE SAUVEFS 3¢ FH7F 21B,000g/004 AAAQ]D 74k
UEF H7IE Hste & 3354 FFe FH9 IJres Al

Fig. 195 BAUEFS # A7 =xddA U EF A7EEe HErt 3
A FaAdEe vAs IS BEE] AR A2y e yehd Aot &
AGEFS 3,000g/te2 HAHTE AR AAEelA FAUEFS] 7S 1,000,
2,000, 3,000, 4,000g/t 18131 5,000g/to.2 HYHIIE AlA HhT.

Ay =1 FAEE 3b5%solid, YA=7] -200mesh, wHFESE 1,500rpmol] A
pHZH A(N2;COs)  3,000g/t-21 A 4| (NasSiOy)-Z 54 (Oleic  acid)  150g/t-7] Z A
(Lankropol K-8300) 25g/t =& Alof& H7bstlon, npAer P AAoM =
WHFEEE 1200rpmo 2 3ol AFS FastHTh Aloke] wFgAI7FS pH

AA e AAAZS =ANE H7iste] 108, 254 17, 7|24 1S Fo3)

ol
2 W

b

dd23, FAUEFS UMl Sl wek Ty e HAH 4
7Cﬂ> A

te A%E Holth 4,000g/te 7|H o=, ojRhtt Hrtge] FIstH o o]
TR slaeg gart fles & AMeH, sleM FHFY FHe AUUHE
el 9 E=3 S48k AFE Holth 4,000g/tE NHoR o

Hoh H7beol FSrikstd mmlstAl Faste e &l & 5 AT Iy
_/_’lz

&< Y8t B4ESF 3,000g/t, FAYEF 4,000g/to] HA =

mebA Fig. 1904 YERd uwRe} o] FFA F9e 3ol A4
74.6%W0s, T3%2 BAUEF 3,000g/t, TAHIEE 4,000g/to] B AT Al
E A og HAAT 3T FRAde AFATVIFoR Ao, AAA
o} pHEAA S HdH7T =AM AAAZ AR FAUHEF(Sodium silicate,
Na;SiOz)-& 35X 3o #F% Fol, pHEEAZ AHEH E‘r/\h/‘rEE(Sodium
carbonate, Na,CO3)-2 354 AHF9 34& Fdo 83 HFE gt

AL o 2= 9T},

a
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Fig. 19 Effect of dosage of sodium silicate at fixed sodium
carbonate 3,000g/t
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43 HYFANF ZAH9 712 A

UA B AFAAE HIROE S EFNaCOs 3,000g/0)3% FAVYES
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e AWEEE 1,200rpme2 o] Ade #3339ty Fig. 213 2o,
Ak HEE AZES (A9 3, pHEZEAILL QAAIE EAHE H7lstd 1048,
A 12, 71ZA 1ES Fo3den, B A, dAAe pHEEAE <
A E H7tste] 108, 274 18, 7124 18 FosAt
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b. 3T -4 AlE B=9 dubdQl AUt =4
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(B) depressant-pH regulator-collector-frother
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Fig. 21 Effect of adding sequence of reagents
(general dosage of scheelite-silicate mineral type)
(A) pH regulator-depressant-collector-frother

(B) depressant-pH regulator-collector-frother
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Fig. 22 Effect of kind of pH regulator
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437 N8 A=Y IF

B Hpo 12 QA7)
A BH5T 5 glon dubA o 100-10um A=} M e 2doR UeiA
k. mehd UuwAos RgMwd ALst dAaslE AwHow

-65mesholl A1 +325mesh Wjol 4] o] Fo 2] A| @ th(Trahar, 1976; ©]7HZ, 1995).
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Table 14 XRD quantitative analysis of products (A) final scheelite concentrate,
(B) middlingl, (C) tailing

(A) Chemical composition(%)
Scheelite Apatite Fluorite
85.3 9.6 5.1
B) Chemical composition(%)
Albite Biotite Quartz Apatite
58.4 134 11.6 6.4
Hornblende Chlorite Scheelite -
5.8 2.8 1.6 -
© Chemical composition(%)
Albite Biotite Quartz Chlorite Hornblende
69.0 14.9 11.7 2.2 2.2
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