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Abstract

Study of physical and physicochemical processing on the

removal of As from tailings

Kim, Jun Hee
Advisor : Prof. Han, Oh Hyung
Dept. of Energy and Resources Engineering

Graduate School, Chosun University

The tailings contain various types of heavy metals that are found in soil and
groundwater around the stockyard in the mine waste and contaminated
environment, which recently has emerged as a serious environmental problem. It
also has been identified that the pollution due to various heavy metals was a
significant economic mineral resource losses, so it requires eco—friendly circulating
and recycling technology to solve this problem, proactively removing the heavy
metals and impurities in order to recycle tailings.

Therefore, the purpose of the present study is to conduct a series of experiments
using flotation in order to remove As from the tailings placed in the waste a
stockyard of the Sangdong Mine. Thus, this study attempts to identify the removal
efficiency of heavy metal "As” contained in tailing through physical and
physicochemical processing. As a result of MGS, using pulp density 30 %, feed rate
265.24 g/min., slope 3°and wash water 6 1/min., As removal 83.21 % and yield 92.25
9% were obtained. and a result of batch flotation, using pulp density of 20 9,
collector KAX 200 g/ton, frother AF65 500 ml/ton and depressant citric acid 100
g/ton, the As removal 8755 %, yield 9457 % were shown. Using CPT column
flotation, the result was As removal 9650 2. and yield 96.80 % based on the
condition of pulp density 3 %, collector KAX 200 g/ton, frother AF65 10 /ton,
depressant citric acid 100 g/ton, sulfidizing agent NasS * 9H.O 500 ml/ton, wash

water(360 ml/min.) and air flow rate(1200 ml/min.).
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Figure 1-1. The pollutant dispersion originated from the tailing of the closed

metal mine and reclamation in domestic.
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Table 2-1. Results of Bartles—-Mozley gravity separation for the mine wastes

Material . Feed Concentrate.
Size range Grade (%) Recovery (%) | Enrichment
Cassiterite Slimes 45 %-10um 0.36 % Sn 47 6.4
Scheelite Tails 60 %—-45um 0.25 % WOs3 70 2.8
Wolframite 90 %-100um 3.4 % WOs3 92 3.1
Tantalite Tails 90 %-40um 0.08 % Ta20s 68 2.5
Cassiterite Tails 80 %-50um 0.49 % Sn 70 3.1
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Table 2-2. The work function of various unit elements materials

sl Work Material & Work
Function(eV) Compounds function(eV)

Chromium 4.50 Carbon 4.00
Copper 4.65 MoOs 4.25
Stainless Steel 4.69 Cu 4.38
Copper—-Nikel Alloy 470 Al:Os3 470
Polyvinyl Chloride 5.13 MgO 4.70
Nickel 5.22 Si0; 5.00
Aluminium 5.42 Mineral 5.40
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A1 A=
B AT NE ZU9E A5 P Axge] F o7y FrdA ARZ A3

d ddS Adsdon, Age e Arlel wt 24 88 ARt =¢35s

Be)8 AE§ ARZ ASE ARE AERA G HAge Qe w
S PR YO Sgon, BEEH SYS FAss] A FFAAADAT

el XRF(MXF-2100)5 &3l w43 23 Table 3-13 20| Si0; AlOs; Fex03,
CaO, MgO, &ol fF¥el A5e &Asslon, Si00 FiFol M =2 AL

3l ahg]
Table 3-1. Result of XRF analysis for sample unit : %
SiOz A1203 Fe203 CaO MgO Kzo Nazo Ti02 MnO P205

Raw
61.43 8.35 12.06 | 10.80 | 1.70 1.28 0.06 0.60 0.51 0.21

sample

A AR & I FstrfleE] Shimadzu AFS] AA-7000s o83t AA
NS 4A% A% Table 3-29 2 A%E AUtk 7 A3} As FFol el
A8 of 11 E et Aom FQHJon, IO B &5 i 587
A HT geka Cd ®F o $EVEAE 2 AS g 5 dAur

Table 3-2. Result of heavy metal analysis of raw sample unit : mg/kg
pH As Cd Cu Pb Zn
Standard - 25 4 150 200 300
Raw sample 8 291 5 85 78 102

_13_




A AMNEE dHEdoz AE o]&F 4 A= 4T 23 Table 3-33% Zon,

-500 mesh +zto] A FAMe oF 55 %= ARk o]/fo] mHe G5 o
™, 200 mesh ©]&te] “Fiko]l AA FANIL 90 % ooz A Az AA 7} v
Hog 745 A5S gl
o

41

g, e As RS 243 A vHoR daE Aso gl =58 o
A = Ao, 53] -500 mesh 77+ As ol 400 ppm oo ® M =
A vEb B As7h wlEell o] glof EefAddel o3 As Al A= T
A7F h& A= Atrdd

Table 3-3. Result of wet screen analysis of sample (D50 : 34.473 um)
Size Weight Size Cum. nder | Cum. Over As
mesh (%) (micron) (Wt.%) Dist. (%) (ppm)
+60 1.51 60(250) 100.00 1.51 61
60*100 1.91 100(147) 98.49 342 74

100*140 3.39 140(113) 96.58 6.81 118

140%200 2.71 200(74) 93.19 9.52 125

200*270 7.97 270(53) 90.48 17.49 162

270%325 443 325(44) 82.51 21.92 188

325*400 8.24 400(37) 78.08 30.16 151

400*500 15.13 500(25) 69.84 45.29 186
-500 54.71 -25 54.71 100.00 428
Total 100.00

A A8 F=34 545 @edstyl 98 XRD #4123 5 Figure 3-13%
¥ 2 Quartz(SiOy), Biotite(K(Mg,Fe)s(OH)2AISisOy2), Hedenbergite(CaFeSizsO),
Coesite(SiOn) 7} T4 =AY, 28y As7t Srete tHEH FE9 AwA
(AssSy, & (As:S3), FHHA(FeSAs) s HEHA ool AstE o Azl o]
ek ez SAfsta A=A gerd = sl

_14_
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Figure 3-1. X-ray diffraction pattern of raw sample.
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Table 3-5. Result of heavy metal analysis of raw sample unit : mg/kg
pH As Cd Cu Pb Zn
Standard - 25 4 150 200 300
Raw sample 8 328 6 90 85 111

A ARE WFoE AE o8 ¥4 Y=EM A% Table 363 Lov,
s pn

200 mesh ©]s}e] F3to] A 2 %5 2ABAL 3o
o] B¥3ta &8 T3P, Master sizer 20008 E3 =H 3t
D502 39.824 /m& AH AT AES

325, -325 mesh)o.2 o] EYRAFHATH 7I£oZ As THFE A3
A3} 200 x 325 mesh 779 As $&Fo] 533 ppm
2 sershanh.

vgel B
B 47

=
ojF UEEH F

o
u

Table 3-6. Result of wet screen analysis of sample (Dso 39.8244m)

Size Weight Size Cum. Under | Cum. Over As
mesh (%) (micron) (Wt.%) Dist. (%) (ppm)
+60 4.25 60(246) 100.00 4.25
60*100 9.63 100(147) 95.75 13.88 989,305
100*140 12.75 140(113) 86.12 26.63 )
140%200 11.57 200(74) 73.37 38.20
200*270 11.64 270(53) 61.80 49.84 533,33
270%*325 6.02 325(43) 50.16 55.86 )
325*400 5.33 400(37) 4414 61.19
400*500 5.86 500(25) 38.81 67.05 480.236
-500 32.95 -25 32.95 100.00
Total 100.00
4 AR FETH 54& gdst7] Y8 XRD #4237 v Figure 3-2¢9F 2

t}. Quartz(SiQ), Biotite(K(Mg,Fe)s(OH),AlSis012), Hedenbergite(CaFeSi»Og), Anorthite
Lk As7b Efrste o

(CaAlSiz08)7F &7 = At}
=21 ABA (AssSy),

Uo]

=934 AEE A=

_16_
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Figure 3-2. X-ray diffraction pattern of raw sample.
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Non—Charged particle

Figure 3-4. Charging by Conductive Induction &
Charged and Non-Charged particle pictures.

H)FA ¥ (o] 3} MGS)(Figure 3-5)%= 9= Salter Cyclones AlollAl A2+t o}
A7 2R 59 A5 AN 2 JdAER Eo] A e
b AL dAES How FEskA ol wel FA o nFAE ol &t Ad
= oM 1 ~ 10 me v HAZA Aol 7hsetty. 3 AlHsE AFSsto] 7HH
+ QAELS SRR oJFAAFLEN FYEES T st e 34

el =/t wFE Aol olsel HQAFE 2EsWA Eelsk b5 ErHRoy,
2009)

WASHWATER
INLET TO DRUM
FEED

INLET
WASHWATER
OUTLET TO DRUM
ROTAMETER

WASHWATER
CONTROL VALVE

WASHWATER
SUPPLY
CONNECTION

Figure 3-5. Multi-Gravity Separator (MGS).
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3l 200 x 325 meshZ Y= ZA35FATE o2 CPT column HA47]5 o] 83}
EFA, 71EA, QAAY "t 2 FVFAH, AFFE mE A & o

Bt A28 =E39 Y Figure 3-72 CPT column F A9 23S 53|

Wash water outlet
Feed hose

Feed extendin
" s Wash water distributor

Feed well

Froth launder

Column upper section

Froth outlet

Sparger Underflow outlet
Feed pump

Air connection Water connection
Column bottom section

— / /. ’_,__v_ e

Sparger air connection e =

Figure 3-7. CPT column flotator
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Figure 4-1. As removal by magnetic separation.
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3. BsAdE

HeXd7] & 72 v y€E8 A 7Fs 3 MGS(Multi-gravity separator)el] <]

S Aol 4Ee AAsRPOo], g MRS YEE 200 meshZ MGS A
& A= (Luttrell of al, 1995)2 2AFGor, JE2PL 4 #e 9 ARE

Hadrt Ao yEryA @FES Fdsdnh. 8 200 mesh A 22 As o2

327 ppm 2.2 7] FA(25 ppm)2] °F 13v1E X3}

DN

MGS®] A5 A 4% =h43d&s, F33%, A5, Fdssd et 595
FFA D dom(Aslan, 2008) ol# s AAES M7t AFHS Tk UMY =2
Z79 AALZ 3°, AFSFE 6 Vmin, FAsE 30 %, =9 A % 208 rpm, T
3 /min. ¢ 2722 -200 mesh®] A5E o= HFAEE AAs}

oH
of
\)
(@)}
di
\]
N IS
el

g
o -33} o] As A AEo] 8821 %, yield 92.25 %= A ow HFuz 3
TE S 48 B A3 43 ppm 7HA AAHEAES FQlskd =7 +200
2 AdSs AAg A3 AAE 3660 %, yield 99.75 %= H] L
A gk AAZES Yo, Fr Weol ¥ As RS 136 ppm o] AT

100 : : 100
_ : :
B0 IR ) EEI s A0 '_<
g : : o
0 o
E £ £ "‘a“
E 7.1) Sl RN 40&
m ! !
-
" ) [P ) * e 20
I As removal (%)
[ Yield (%)
0 0

=200 mesh +200 mesh

Figure 4-3. Effect of optimum in MGS.
(Dp : 30 %, Speed 224 rpm, Feed rate 265.24 g/min., Wash water 6 1/min.)
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A2d 2elsety A
1 Quya
A EsAel e

A Alzel EAskE AsE AAsH] 9T xFAlE A48ty A& Cu, Zndt 2
2 33l3E H Ao 2o]= Xanthate Al<€e] KAX(Potassium amyl xanthate)<}
Sodium oleate, Oleic acid, SDS(Sodium Dodecyl sulfate)S tio = A3
et THAE 242 100 g/tone H7betgl o, A pHAEIO A A3 S A st
A3l 1 A3+ Figure 4*49} Fdg

7124 Aol VX fFAES BT G e, 158t B AAES 35
ottt A9 A% XFAR KAXE H7E 49 AsAlAE] 3460 %= M =
*om Yielde= SDSE AF&3t9 S 74 -(39.83 %) KAXS 4 5(37.10 %)Et =2
Aow FAH AT

>

[‘0

50 - - - 50
: : : I As removal (%)
[ Yield (%)
770 ... SO . SO — T i
é ] i ]
= 30 e 1 S e | R 0 X
g U R | >
Q b o
: : : : ==
D 20 o] i e 1 e | e 222
" : : : :
<
10 Joiee - G .................. 10
0 : : : : 0
KAX Sodium Oleate  Oleic Acid SDS

Kind of collector

Figure 4-4. Effect of various collectors on batch flotation.

(Dp : 10 %, Collector : 100 g/ton, Frother : AF65 (500 mL/ton))
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4. ZdeEd & I

FoE T (pulp density)ol oHE FH E&E S A FEE 10 ~ 30 %
7hA W3A 71H A AE e Ad} Figure 4-59F Z¢tth Fls® 10 % 4% As
o] AAEI yield= A3 vgtom 20 %= F A

ﬂﬂ%@lﬂqso%ﬂﬂsaﬂaﬁ..E@,%ﬁ%E%SO%z%w+uﬂ%zm
o AAgel 28 PaFAt EF yieldE FAEE} 20 % A A A ER

o, 30 % 4 ol A s

ol olEEst FrHgel wet vige] WAREe] Fol Wobd 1 AR HY
o EWol RAAAG wi #AE/e $A Aol WA EFAste] FHE
asAY 7 xSt HELS sy YroE AR
AAE 7696 %= 8144 %S 3)5e F Y= FolEE 20 % 7} AA FAsEw
3ol 5 gk,

100 : : 100
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= Yield (%)
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=} o
E I ! I ‘-a
7 i i =
A RS e i S e 40 22
p : : :
B0 il .............. .............. e b
0 T T | 0
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Figure 4-5. Effect of pulp density on batch flotation.
(Collector : KAX (100 g/ton), Frother : AF65 (500 mL/ton))
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T4 FEY FAHd maH ez 4zl MIBC, 47242
S AAEAY. AEe W3
Al AF65, DF250> 7] 294 Aejel 712 9] fx=ge] -8kl ov MIBC= @A
3 "olxlom, F7] 9 ¥ 5% olFRE
e tE VEARY @48 "HolHeS Felstarh
7N EA FiFe] e Asxﬂ 72452 Figure 4-6°14 ¢ o] MIBCE H7He 4%
NZEA Ao N1Z fFAHo] B2 s EA e Hle] FAE WolA Ase] AALE
vield7} 7FE @A JUEhy e AF65% Figure 4-6914 As9 AAE 7696 %,
yield 81.448 %= As ¥t olygl Fa&o] tigh AARE] =28 s
AsE Tl o2 T35 AAELE, yvieldst ¥4 &oldS n#ste] AF65
E HAA NEAZ AA3
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Figure 4-6. Effect of various frothers on batch flotation.

(Dp : 20 %, Collector : KAX (100 g/ton), Frother : 500 mL/ton)
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SMP(Sodium meta phosphate), Lime¥ THH5AAE 3] ESAA(HEA 9,
2008)9 A A}8%+= citric acid, TSP(Trisodium phosphate), Hydroxyl amine< A}
&oto] A3e AAstlen, A3= Figure 4-73% 2t

AAA FFE A A AAAE ¥ o] YA ¥& ZEYT As AARE
A7t =SS FRledh. 53 At Ade EeEY AAZEC] =& AAA
Sodium silicate, SMP, Lime HE U= EU$AHNAM AlEEH+= citric acidE& AFE3F
BT Ase =& AAZERT09 %)= HIoH yield91.63 %) H3F thE A AA
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Figure 4-7. Effect of various Depressants on batch flotation.
(Dp : 20 %, Collector : KAX 200 g/ton, Frother : AF65 500 mL/ton
Depressant : 100 g/ton)
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Figure 4-8. Effect of sulphidizing, activator on batch flotation.
(Dp : 20 %, Collector : KAX 200 g/ton, Frother : AF65 500 mL/ton)
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2. CPT column
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E5A HA7bol e As AAZES st 98 M AP S F8 AA8E S
T4 KAXE 50 ~ 400 g/ton= W3tE Fo] A3 A 27A4E A9
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Figure 4-9. Effect of collector dosage on CPT column flotation.
(Dp : 5 %, Collector : KAX, Frother : AF65 16,5 L/ton,
Depressant : citric acid 100 g/ton, Sulphidizing agent : Na:S-9H-0 500 ml/ton,
Air flow rate : 1,200 mL/min., Wash water : 360 mL/min.)
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Figure 4-10. Effect of Frother dosage on CPT column flotation.

(Dp : 5%, Collector :

KAX 200 g/ton, Frother : AF65,

Depressant

Air flow rate :

citric acid 100 g/ton, Sulphidizing agent :
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Figure 4-11. Effect of depressant dosage on CPT column flotation.
(Dp : 5 %, Collector : KAX 200 g/ton, Frother : AF65 6.6 L/ton,
Depressant : citric acid, Sulphidizing agent : Na»S-9H-0 500 mL/ton,
Air flow rate : 1,200 mL/min., Wash water : 360 mL/min.)
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Figure 4-12. Effect of air flow rate on CPT column flotation.
(Dp : 5 %, Collector : KAX 200 g/ton, Frother : AF65 6.6 L/ton,
Depressant : citric acid 100 g/ton,
Sulphidizing agent : Na:S-9H-0 500 mL/ton, Wash water : 360 mL/min.)
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Figure 4-13. Effect of sulphidizing agent dosage on CPT column flotation.
(Dp : 5 %, Collector : KAX 200 g/ton, Frother : AF65 6.6 L/ton,
Depressant : citric acid 100 g/ton, Sulphidizing agent : Na»S-9H-0,

Air flow rate : 1,200 mL/min., Wash water : 360 mL/min.)
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Figure 4-14. Effect of wash water on CPT column flotation.
(Dp : 5 %, Collector : KAX 200 g/ton, Frother : AF65 6.6 L/ton,
Depressant : citric acid 100 g/ton, Sulphidizing agent : Na:S-9H-.0 3 L/ton,
Air flow rate : 1,200 mL/min.)
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Figure 4-15. Effect of pulp density on CPT Column Flotation.
(Collector : KAX 200 g/ton, Frother : AF65 10 L/ton
Depressant : citric acid 100 g/ton, Sulphidizing agent: Na>S-9H-0 500 mL/ton
Wash water @ 360 mL/min., Air flow rate : 1,200 mL/min.)
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