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The flotation behavior of Cu in convert slag
by sulfidizing

Kim, Jonggeol

Department of Ocean Energy & Resources Engineering

Graduate School of Korea Maritime and Ocean University

Abstract

The slags containing valuable metals have been generated 2.030 million ton
a year, and the amounts of blast furnace slag, covert slag, electro-slag are
1,100 million ton, 600 million ton, and 330 million ton, respectively. The slag
is recycled in cement industry or retreated for the recovery of valuable
metals to protect the environment and prevent losing of valuable resources.

The purpose of this study is to figure out the behavior of Cu flotation in
convert slag with xanthate after selective sulfidizing of copper oxide using
sulfidizing reagent. In order to investigate the effect of sulfidization, contact
angles were measured and the distribution of the sample components were
analyzed with SEM-EDS. Flotation tests were performed to investigate the

flotation behavior of metals.

_Vi_



In the result of sulfidizing test, the optimum condition of Cu ion is as
follows; 60min in reaction time. 20°C in reaction temperature, pH 3.

The concentration of sulfidizing reagent was required double more than that
of metal ions to sulfidize metals.

Although the sulfidization of Cu was observed in the result of SEM-EDS,
other metals such as Pb also were sulfidized at the same time. This result i
ndicates that the selective sulfidization was not achieved in the tests. After
sulfidizing, the contact angle increased from 52° to 115°, which shows sulfid
izing could produce a hydrophobic surface.

In the result of flotation experiment, the grades of Cu, Zn, Fe, Ni, Pb were
12.41%, 1.49%, 32.19%, 0.11%, 0.66%, respectively, in concentrate and 3.82%,
2.46%, 0.18%, 0.69%, respectively, in tailing. The grade of Cu was higher in
concentrate than in tailing. The grade and recovery were 11.0% and 62.8%,
respectively, under the following conditions; pulp density 3g/300ml, MIBC 160
g/t and SIPX 500g/t.

KEY WORDS: Sulfidizing 33} &); Flotation %-41%; Copper T-2; Copper
oxide 4Fs}&; Copper sulfide &3}-5; Sulfidizing reagent %3}
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Table 2 Chemical analysis of convert slag

A As Cu Fe Pb S Sb SiO2 Zn

=% | 0.1 3.7 42.2 0.4 0.4 0.3 27.2 2.4
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Table 3 The research status of copper flotation
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Fig. 5 The structure of SEM
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EDS(Energy Dispersive X-ray Spectrometer)
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Table 4 The advantages and disadvantages of Energy Dispersive X-ray
Spectrometer
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Fig. 6 Contact angle of hydrophobic surface and hydrophilic surface
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A& A AAE HS5Z =H7I(contact angle analyzer)gl st =
5

of wA RS AFHH 254 AFL T

(o
2 o
o I
Tz
O
gL
¥, o
fo 2
- El
_L?_:a r\l
L
N
g X
o ook 5
g o
)
o
i
T
- N
30
i)
.2‘ r.{n
N =
E
o
o oy
ro ot
r
A
)
o
N
off

o N
)
m>_15
N
S

= 9 o= qul [e) o = st
Zb 8218 FFe FEsII7F oE AL 7 A" EoldY 8]lo] &
sAEStAY HX 7] dEY Aotk (Prestidge and Ralston, 1996 ; Meiron et

al., 2004; Chau, 2009).

Table 64 FEHI niol o] dwtA oz HEZ4e wA|FEH theh A
= 71 M-S Yetde =2 S w4 H(stactic) =524
H(dynamic) H=24oz thddtt. A4 A4 SHUE JAGes FF
Fol| "Wojmy =3 sessile dropH I & YolA 7|EE AR
of F2AA ZA 3= captive bubble®©] $ithDrelich et al., 1996; Marmur,
1998; Kelebek and Yoruk, 2002; Chung, 2013). ¥ AFo|AE 149 32 %
AREE AHEELY] ol S8 0] &olstal, AR&ShE Al Aol tAIF O R

A eHS Wkx] = sessile drop WS o] &3t HEZLS AT

oft A

il R
N
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Table 6 Various contact angle measuring methods

A # A ZZH(Static method)

H]|
719l thetax HE=ZFS VeI
zﬂ
HEEZ AW oy & YeRd

Sessil Drop

l 4

swelling &4, 1A W] 3}38H7

ol de) HEZS UehiA Atk

o]~ Z}el(base line)¥} HA(tangent) S o] F= A
)
714, A -71A, TA-AA A3 =279 =S

A sk WA 2lo] Youngel WA 2eldl, Young
< Hekstal(smooth) #&3tH HYPH A =
FHAA =" Ao= st MAE HEAE Zheth
a8y A zEAdAAE W A&7 (surfece roughness),

-
o)

N
=
N
=

2} g5

Kol
L
H,

= e R |

manOSLJ
o i
ool ol N 12 (o

2o
o
o o

=@ W sk

52 A Z7ZHDynamic method)

Wilhelmy - &l

plate method oA

Fo] e HAZY e FEE FAA
5 7 8} 5}

55k A zto] ol P,

o
Aol ghe otk
712}

Tilting - ZZo] thesio)

ZNedoZN EEo] 7|3 FoAq 527

ZA2S BAG obd 5 gk

method

. _' =
Captive ZHadvancing angle), 1¢} WHHE nlsS S8l AA3] o
drop method | 30 oFo 7ran7lo] whel 34be] Aol 9 o]y] HE
29| 74 3 ZHreceding angle)o] g1 Fhr}.
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2.3 41 (flotation)
BHoZRE F8 FES AEH e FYgdd Ao | 5B g vF
A, A8 A g Ad Al 5L BF FEY 84 429 Aolg o] &3}
Aisks AEAd], olo) Hlste FEfaddE(flotation)e 2 FEES E
]

g Ho] e FApupuiol 7AE o
(hydrophobic materia)-2 7]3ol FZ
A(hydrophilic material)-2 %< 1jjol al
Nolty. o] WHE F=2 xH = FX(run-of-mine ore)ol A F&FE(ore
minera)¥} 8% E(gangue minera)e EEstE AERHOZ o] &FHA=
Zole #HEgag A5y, IAGEHADERE JIAAA, A3 ZA 5 FH7
E g HopEul ol #Hf(waste waten)A gl A= Ho] o] &FH 1 UTh(L
A4, 1993) Table 7& FAIRel FR/E UEld Zlott
FAAES g8 Adye vt a3 22 A3l Stk
Oh 1FSH BANE AZste] Agste Aoy HlE Ao Hldte] F

o
g 2
N
5=

}l_r‘
ol
2
o4 d

rr
Jm
2
flo
s
o
o
rr
2
3
T
]
ok
=
o

HEe AFY FAAAE A0 % ok
(b B WA bR 2 JAE AYSA HBE, @A Lelrt F ol%
oA HFe FU/F wRILh Telw Yol Fvt wow HuHow P

o] <Fo] Aol Wkn7} A

(th o& A Hlst
o] Ago] AHAE.

(D) o2 7HA 78 F=sol EFH Ae 57T FHo=HYH & F=
< MEAo=E &4, 34T & AUtk

i AWM 52 FEd 94 FHAe FR= A5 A s, 4B
Fat WA 3o ﬁ@ol ayzom ofFoAXA sl7] st FHo o THA|
NS A7 olof & oY THA &
A (flotation reagent)gtal 3+,

ol RAAE ARE FZo wel A U XA, 712A 2 24410 Al R
7F a1, ZAAE A AlEstE GAA|, 244, pH 284 o= Yt Table 8).

Al B, AdEle] Res Aozt
l|

4
of Asgol EolAnE, AT AGolA Be %
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41" Mineralised froth
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Cell —T™

1]
©
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% o0 1 5 Air

N L /' ‘bubbles

T
Agitator
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Fig. 7 Principle of flotation

Table 7 Classification of flotation

Eail AE Y H] 31
214 2 %ﬁ-‘_%@(%%*é-ﬁr)‘ﬂ%; B 55} A kA ol
(direct flotation) Tkl meEdS Sl B0 W
AEA 7= T e
H7= A A
TE olgH &=
SEEPY FE&EAS BHAA AAstL B9 .
e BAgde sdud 2E=AA | Hes 44
. ST EET = L= A Bt A,
(reverse flotation) 8 2sle] Al Pyt
EFAA
H ] 2
EX NS FHAH] FAS EHES A48l A
Y o Falo] EPHOZ By | SARMS
(bulk flotation) B %
ERSEPY HFA(raw ore) B THHFA9
(diffgrenaal PHORRE S
flotation) FAFEES GAFSE
A7l R4




Table 8 Flotation reagents

FA | A EHY {2l BHES AFgA Y= A4 Al(surfactant)
(collector) Hlo] 27| 9} o] LA ZFAE B/
—_— DA -71AH AH F2et] =2 FHAE(surface tension)=
7] 3E%
ASIA A PAHT 7 EZ(EIBAZE EolstAl = Hlol24
(frother) i
Al H A A
EHdles EREFY AES 83 3t7] fl8l RA=AE
Foslh= A<k
O @A Al(activator)
274 i
» A ST ZHAGHKADS] F2s 8olstAl st A%k
(modifier,
@ <A Al (depressant)
regulator)
EA EERE ATSAA FiE s dAAI = Aok
@ pH =4 A|(pH regulator)
fHo] Frol2HIEEE =Hst= A<k
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A3FIY T FF o2 #3 JAA AT

31 B3 4953 AL

A8tg g EAsE Felrt pH 24 Faka e FstAge] 7}
of 5 Zsix}%cﬂ]hﬂﬂi 8T A M Bal FAT 5 Utk A
(D& NasSeh HS07} WHg-ahe] NasSO:9h HSE AARTHE 2e vehd 2ol
. 23 A@E HSS 34 o] wesl Hul 24 oleo] FHHE 2
< UeRpgith

i‘l

off

Na,S+ H,S0, — Na,SO, + H,S @D

Me*™ + HyS— MeS | +2H" 2)

4 o] AA o] NaS =9 &3 pH, 2dlal FE5E I o|E

< O3 2o] d9staecr AyHod 5 Utk 229 BIFdr= 20A
H UEbd 4 drh

[H

K=— "1 3

[Me**][H,S]

33} 4 2] material balance: th&o A(AE EI T}

Mypg =My g + My + Mg+ My g+ M,

= ([HQS(GQ)] +[HS ]+ [527]>Vaq+MJ\IeS+MHS( @

- 21 -



A7IH, Mg HyS) %2 5
MH‘zS({,(,) : liquid/g]’]:,ﬂ of] A ]{2‘5'9] RAES

My« HS 9 =

Mg : S* S &

My 55 33 E0 &5

My, + gas’$ ENoI 4] H,S9] 3 5

[Ifgs(aq)] : liqm'd /E]—EH Oﬂ }\1 HQSQ] %E

[HS]: HS ] 5

[577: 8> o) 5

Vo Hde] o]

b g2 EASE HSS B ()6 o3 UEhd 5 ok

P,V H,.,V
Myq = LA g[H2S( )] ®)
22(g) RT RT aq

1714, Py 7B ol A 58] 34}
V,: kel 3
RT: gasconstant(8.314J « K 1o molil)
HHZS: H,S°] 3l 2] 57(8.67 X 10*°Pa » m® « mol™ ')

21(5), 2l(d)< o] &3t AOeAHE UERE 5 Uk
Ka, Ka, Ka, H, 1,5 Vq
+ I
[HY] [HT]?  RT V,
X [HQS(aq)] Vaq + MAJ&S (6)

Mg =1+

1714, Ka, =10 ", Ka, =10 **& (D3} A®)& o]t 7@ & vk

[+
H,S=HS +H", Ka, :% (7
aq
211 g7+
HS =S*"+H", Ka, [S[thg] ®
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Me

23, O HDE ol&ste] Kol thste] Aesid thg3 o] 2dF -

HHQS
RT 7V,

LH? 4 Ka,[H ] + Ka, Ka,

MT.S. - MMeS
V

aq

[Me*"]

1+ —— Hus V,
RT V

MMe”
Hys V, + + 2
1+ RT V [H')? +Ka1[H ]+Ka1Ka2 Vaq

T MY, [IS] V, [TMeJ+M,,.0) (10)

Me*"

[H']? + Ka, [H'] + Ka, K%} v

(MT.S. — My +M Me 2)

Cu, Zn, Ni¢] HI4rFKIES 22t 9.93x1015, 4.24 <104, 83.070.2 A4+
‘/l: %\E}(Table 9)

Table 9 Standard Gibbs free energy changes(A G°) of formation for the
species involved in eq.(2) at 298k latm(unit: kJ/mol)

/g -147.06
H,S -27.83

7nS -201.29
Cu® 65.49 NiZ* -46.4
CuS -53.60 NiS -85.18
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Fig. 82 pH Wald] @2 F<4 o2 A #3l7ks =5 vehd Aol
714 Mrs, Mrye, temperature, Vg, V& 7.8mmol, 2.2mmol, 293K, 1dm®, 1dm’
o= AssATh AQF 718 4o st Excelg olgdte] Ae F A
£ =353tk pH 091 =4 Cuol Hdl &3i7Hs &=+ -13.9molql ¥kH

ol Zn# Niel Hvl 837k F=E 44 -25mol, 0.2moldl A& AT 5 3
o EF 2 A pH 001%9] FHAAE Ze FAE B o= Cu
WodgHo s At shede JeEs B3 & S ok

7 Cu

Log{Mpy=2*)fmol

-35 T T

Fig. 8 Equilibrium concentrations of metal ions at an initial 2.2 mmol
as a function of pH in the presence of 7.8mmol H,S at 20C. The
volumes of gas and liquid phase are 1 dm® 1 dm®. My.” : the mole

amount of metal ion
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32 3 43

FeAl(NaS)E ©] &3 219 A893 &
Fig. 9¢} #Zo] I3t efdq AAE T4t A4S FIhskAth HA wnks
T JdAZ =2 -3 7] ¢3 digital magnetic stirrer24 A o] 28] MS-G
A8 3, wWHHS magnetic barg o] &3tEth 183 ¥ EE YE A
£7](100mL pyrex brand chojalab glass)E AF&3lR L, <=5 LASA =435}
] 9938 A &g AXEMHA heating bath circulator(22 CW-10G)Z ©]-&3}%]th.
B Ao AE3H Aok cupric sulfate(CuSO, - 5H,O, FW 249.69, Extra
Pure, OCI, Co.), zinc sulfate heptahydrate(ZnSO, - 7TH,O, FW 287.58, Extra
Pure, JUNSEI, Co.), nickel sulfate hexahydrate(NiSOy - 6H,O, FW 262.85, Extra
Pure, JUNSEIL, Co.)& ©o]&3st93, 3sAlet pH =4A|= sodium sulfide
nonahydrate(Na,S - 9H,O, FW  240.18, Extra Pure, JUNSEI, Co.), sulfuric
acid(H,SO4, FW 98.08, Extra Pure, JUNSEI, Co.)E ©]&3lit}h #3lxg] Ade
WHHEE = 200rpme 2 sk ar, AlZK15, 30, 45, 60, 90min), ¥E-§-2>%(30,
50, 70, 90C), &3stA &=(0.5, 1, 5, 10, 15mM), &4 pH(0,1,2,3,4), 55 ©I
L2 F=GmME ARSI F3sAtt AdAe pH =4S pH meter”)
(HORIVA)E o] &3tith A4S 1agh Fo] gk S Az Fe= dEH S
StEt o3l Fo] ImLE 5% HNO; o2 3|4dshe] x&3E3A(AAs-7000,
SHIMADZU, japan)E ©ol&3ty T& ol259 55 47 43ttt old,
T8, ofd ¥ yA A&EES 457 sk l
2ppm, 0.1, 0.5, 1ppm % 0.5, 1, 2ppm<! *
sttt 7, ofd, WA HEFSA4Y ri2 4

b}
o
ot
2
o
N
N
N
N
off
r
XN
i
o
2
of
ol
N
]
2

(1,1

N
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(1) Heating bath circulator
(@ Digital magnetic stirrer
@ pH meter

@ Syringe

Fig. 9 Configuration of reactor
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33 #3A Y 4¥ A+
3.3.1 B3t A wE ¥

Fig. 10 &< o]2E59 % 0.05mM, 33A e s= 0.1mM, initial pH 1.92,
<5 20C, W= 200rpmol| 4] AlRbell mE T4 o] 29 AAES YERH
g zolth XF& AZh YE& 55 ol AAES vEhd Zlolth. ARt
2t A & o] 29 AAEo] FUIsIH7E A ARt =EstH A A&
g As FAT 7 A}k T o] ST 100%2] AA L] =gt
A YA o] 1ARE B Foll AlAE]l A2 53%, 54%0l =2
AT IAIZE o] Fell= AAE] A WEIE A7 1A E A T 3

A

e 8 [

o]

£

ol
i

%

100 | p—e—e—o— .

90
80
70
60
50
a0
30
20
10

Removal ratio of metal lons f %

o 30 a0 S0 120 150 180

Time / min

Fig. 10 The effect of time on metal ions removal. (Experimental conditions : [metal
ions]=0.05mM, [NayS1=0.1mM, temperature: 20 ° C, stirring speed: 200rpm)
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3.3.2 ¥3A 9 FEo o

= 0.05mM, ¥H-$-AJZF 60min, initial pH 1.94~1.96,

=T

]
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4=
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Fig. 112 &

34 =% 0.1lmMoll

(<]

Ittt Fefol2 A5

Zo) 9] AAEo] 100%°l

9] 7ol A

o
1l

3

Habe A

7} pH #tol

oled st U7l of

& = Ao

!

gsiA = 0.025mM olujellAl FA3HA

=
| By

-
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oy

+
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—a—Cu —a—In —a—Ni

100 - - .
a0 -
8l -
0 -
60 - .
50 4 B e il
40 -
30
20 4
10 -

Removal ratio of metal ions/%

0.025 0.05 0.1 0.2 0.4
Na:5 concentratioin/mmol

(A)

——Cu —m—7n ——Ni

225 4
2.2 4
215 1 |==.=—"$'f='
21 -
- 205 4

1.95 4
1.9 -
1.85 4
1.8

0.025 0.05 0.1 0.2 0.4
Na:5 Concentration/mmol

®

Fig. 11 The effect of NasS concentration on metal ions removal (A) and pH (B)
(Experimental conditions : [metal ions]=0.05mM, time: 60min, temperature: 20 ° C,
stirring speed: 200rpm)
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3.3.3 33lxg ex9 W

= 0.06mM, #3tA2] = 0.1mM, WH-3A)ZF 60min, initial pH 1.94~1.96, n ks

o A ®Whg &%(20C, 30T, 45C, 60T, 90C)d W& 2

Fig. 120 Yehfth X&F2
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100 -
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20 -
10 -

Removal ratio of metal ions/%

24
24
23
22
2.1

1.9
1.8

—a—Cu —m—7n ——Ni

. . . .\
* -._’;I"/:‘:;!

= s
20 30 45 B0 80
Temprature/"C
A

—a—Cu —m—In —a—MNi

20 30 44 B0 580
Temparature/'c

®

Fig. 12 The effect of temperature on metal ions removal (A) and pH (B)
(Experimental conditions: [metal ions]=0.05mM, [NayS]=0.1mM, time: 60min,

stirring speed: 200rpm)
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3.34 &49] pHoll & IEF

£H] pHell W& & o2& AAES dolry] H3) 5& o259 F
= 0.0omM, #F3Ae Fx 0.1mM, ¥-3AIZF 60min, ¥ &% 20T, wHEE
200rpme] A¥ zHoNA 99| initial pHO, 1, 2, 3, ol W& A= Fig. 13

= T

of YeERATH X&& &9 initial pH, Y& T4 0]L9 AAE3} final pH

W3E UEhd Zlolth Inital pH7E F7bgHel wet Felolee] AAge YA
Bage HAY & ok wol initial pH7E F7hehel ek okdzk YA o) &
o AAEL FH F/hdh ol Feloles Mg FuAes pH 3n
g gdgeds B9 Aow BuwEth webd weAzE 60min o,
R £E 200, £999 pH 3nT Re AHYY, FEAY FEE 2% ole
o Fme] T el APx0] FAHY AHNEACE AT
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—— U == 0 ——l

100 » *
90
80
7a
G0 -
. — —%
40 -

30
20
10

Removal ratio of metal ions /%

pH

A

—— U == n =i

final pH

[ TN S T S R N T = 5 T I = o s
VI T [N [N NN N S N S R |

pH

®

Fig. 13 The effect of temperature on metal ions removal (A) and pH (B)
(Experimental conditions: [metal ionsl: 0.05mM, [Na,S]=0.1mM, time: 60min,
stirring speed=200rpm)
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A4 1A N T F5 ABAF

41 A 43

Al 3L T 55 o9 &3 A AB)IA FE ol HHSAZE
60min °Ju, ¥H-§ &% 20C, &4 pH 3xT w2 4AAHFd, F3AY v%
t 7% ol TR F ol Adxdol A HAxAHdE AL F
A3tATh o] APxAE EUE HELHIE A A, B A5 A
& 7hsAS Yotrr] 9 FAA(malachite) &3 AH3tE Al = 33}

s

g dde APt A= 1 TS EES o83k 200mesh(75 x
m) under2 &3 F F3A IS JPsA. 8 EF 4stE AoF
o = Copper Oxide(CuO, JUNSEI, Co.), Lead(ll) Oxide(PbO, JUNSEI, Co.) Zinc
Oxide(ZnO, JUNSEL, Co.), Nickel(11) Oxide(NiO, JUNSEI, Co.), Iron(Il)
Oxide(FeO, JUNSEIL, Co.)E& ©]-83stHth

g3t estr] 9ste] Fig. 149 o] I3tz ad AxS A A3
PP WA wHlEEES JdAS £ 2 xAdslr] 93 digital magnetic
stirrer24 Aol 8 MS-GE AR&3F% 3L, ¥k magnetic barg ©|&3t3th
a8 wgE= Y8 AA £71(100mL pyrex brand chojalab glass)E A3}
of B RIgRE 7%, 255 dASA 2dstr] A HAE ZAAEHN
heating bath circulator(22 CW-10G)Z o]-&3}3t}.

gslA| 2} pH ZHA = sodium sulfide nonahydrate(Na,S - 9H,O, FW 240.18,
Extra Pure, JUNSEL Co.), sulfuric acid(H,SOs;, FW 98.08, Extra Pure, JUNSEI,
Co)E ol &atqith AdolAe pH =4S pH meter7](HORIVA)E o] &3} Th

o
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v

3

@ Heating bath circulator
@ Digital magnetic stirrer
@ pH meter

@ Syringe

® Silicone stopper

Fig. 14 Configuration of reactor
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42 SEM-EDS &4

2 A3dAe FAT d2<d T ARE SEME Aladel =64 A
AZ HZAAN & dasfidiidta Fsdsdel X8 FAAA R (MIRA3
LMo.= 20kVe 7t sbstol A ##st 3 ohFig. 15). EDSE o] 83l mapping
2 S AP T A B HE BEXE ME g2 2y ouAZ ZF3}Y Cu
o SA&o A HEE detdith

Fig. 15 Scanning electron microscope(MIRA3 LM)

- 30 -



4.3 SEM-EDS &4 A3}

Fig. 19 FAbdAd w4 o2 #ze ARl 3} mapping AFolth. Abzlel] e}
W ukel 2ol Cuel mapping point$t S mapping point7} A9 YA E= AL
A F Aok o= Cuwt 3 AYES ¢ F °‘E‘r. SEAI R A Aol 9o
A wEE A3 gtk ARdn e AxpEo 2 HE 15~30 kV ( ~50 kV)
2 7FEE ¥ AR Z AvpE AEEHY SESE AR 74 YAEER

2R IF3 FZACHAS Zte 54 X-Ado] BA=T, o] X-Ae]
AZE7IEDSZE 43t mapping w45 Ut} o] o, 54 X9 oy
ST XA RSt e Aol lojA Aot mEstA U Ao
AHHTHK ¢ - energy of S: 2.307, Pb: 2.342, Cu: 0.930, Zn: 1.0D).

BEM HVE 1000 kW WD B8 mim

BEM HVE 1000 kW WD B8 mim
SEM MAG: 2)00 kx Det: SE

Fig. 16 SEM image and mapping image of Cu & S
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44 A7 A 4%

2 AdAes A2, 24, EF AKCu, Zn, Pb, ND)& 75um EFA)
SHAIA Toumeldel dAE EElstal UmAE APl AHREAT AR
< 23 Agste] A Ay Fo ARE Az FEAZ] A - &
ANEe 1A FACesimz F3AZ & FHSA Arsto] AlES Al =383
Azd Ao HEALS 2ead WSS A" ASAX F, DSA 25
(59 KRUSSADE o] &3t sessile dropH(Fig. 16022 FAHsIAH. =H&e
HEA FFe MAs T8 W2 AT A5l AAY FIAFA)
= 37kt £99 9= © A Hol A4 AaIvH D 9, 2014).
wehA sessile droptell 2@ HEZ4 4 Al AqAGEe] Fu(FearDE <
BotA FAANA A= AP

e

ool

solid
’_v-..

A) Sessile drop method

Solid

(B) Captive bulbble method

Fig. 17 Illustration of two used for static contact angle measurements
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45 54 SR 2+

Fig. 202 #HetsiA Axg A=< FHo E4E ldropes "olzxd &
AFAIE WHste] Mt 8% HE7e] Ado|th Azt Aol wet 254 A
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Fig. 18 Variation of the water contact angle of convert slag according to

measurement time(convert slag)
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Fig. 212 HetslA Az T2 o 8¢ ldrops Box=d & H=
AIZE ®istel] wey SAE JH2e] AFgolth. ARt AR wel 254 JE54
o] Za%E & F AT ol BN HAY IS wEd Uehds
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Folle HEAL e AE wiAEtY] YA SIS 2AstE Aol F

o}
S Ae Hdeo W HFHZ2 35.78° Il EFEHEAE 0.93° o]|BE 35} A

AF3A = 35.78° £ 0.65° (95% A FHFF)olutt. 18lar 33kA g
o] HF HE=ZE 109.21° 18]l3 TEFHAE= 0.08° o)== 33t g Ao A

mEEpHE| B FEEHE =

120 — —

100

g0

G0

40

Contact Angle/®

20

0 b 10

Timelsec

Fig. 19 Variation of the water contact angle of malachite according to

measurement time(malachite)
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Fig. 20 Variation of the water contact angle of reagents according to

measurement time(reagents)
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Fig. 22 Flotation process
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471 BFA4d 43 ZA3(convert slag)

Fig. 23 &3lxg 9@ H=2<LY1 AES thA 22 hallimond tubeE o] &3}
of Rexy 23S 233 Fo] concentrate?} tailing®] Cu, Zn, Fe, Ni, Pb¢]
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Fig. 23 Grade of metal ions in concentrate & tailing(convert slag)
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Fig. 24 Grade of metal ions in concentrate & tailing(malachite)
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Fig. 25 Grade of metal ions in concentrate & tailing(reagents)
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474 B8 43 A Recovery and grade of Cu)
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Fig. 26 Recovery and grade of Cu
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Fig. 27 Effect of dosage of collector on recovery and grade of Cu
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