Resources Recycling https://doi.org/10.7844/kirr.2021.30.5.57
Vol. 30, No. 5, 2021, 57-66 pISSN : 2765-3439 eISSN : 2765-3447

> ARER <

* . ZMGH - Q| TM ek - G M Hkk §L|k|l:l°=|*s**

AR AANDTY FEALATER AT ATE, ++Tfo}71& AtfeharhehL A3 ot

Study for Seperation Process of Copper from the Low-grade Copper Ore
by Hydrometallrugical Process

Dong Ju Shin*, Sung-Ho Joo*, Dongseok Lee***, Ho-Seok Jeon*** and Shun Myung Shin***

*Resources Recovery Research Center, Mineral Resources Research Division, Korea Institute of Geoscience and
Mineral Resources(KIGAM), 124 Gwahak-ro, Yuseong-gu, Daejeon 34132, Republic of Korea
**Resource Recycling Department, University of Science & Technology(UST), 217 Gajeong-ro, Yuseong-gu,
Daejeon 34113, Republic of Korea

2 o
£ ATolAE SAAA 3L ol §3lo] ABF) FRORRE TS ot slgich FEA T AES] 5FL T Bt
0355 mm o[l Q5 elstglon, 1.5%e) 72, 47%9) 3, 10%e) 92 3207 0.3%9] o} ek Ak XRD 4 2 7

= ez Tho] 90013 M gL 80°C 220N 9792 7215 WEoIST). D280 R LIX9S9ANS M8 Bl

BE 5 TS Y Y oidonert ST, TAYHE TAE Aol Bl 3T AN SIS S Sl

cCabe-Thiele Diagram ZE5lo], L8] S 3]4251= X2 KA QR 5 vol.% LIX984N, O/A H]E- 0.5, 3 o =&9 HAA5HAT]
G 595 78 A 4 S0, 2M 2% U1 51169 18 D ) B4 28 4 A

O o e S
I-N z OH rL

ZHO| : 72, ABS 5%, 95, SaE

Abstract

In this study, we attempted to separate and recover Cu from low-grade copper ore by a hydrometallurgical process. The
leaching sample obtained after crushing and sieving by 0.355 mm of low-grade copper ore contained 1.5% Cu, 4.7% Fe, 1.0%
Mn, and 0.3% Zn. The Cu in the oxide ore was very well leached into sulfuric acid and 97% Cu leaching efficiency was
achieved at 80°C and 3 M sulfuric acid (H,SO4). From the leaching solution, Cu was separated by solvent extraction from Fe,
Mn, and Zn using LIX984N. The separation tendency between Cu and other metals was confirmed through the distribution ratio
and separation factor. By plotting the McCabe-Thiele Diagram, the optimum condition for recovering Cu is 5 vol.% LIX984N,
2-stage counter-current solvent extraction, and an O/A ratio of 0.5. Using this method, 99% of the Cu was extracted and a
CuSO; solution was finally obtained that contained 1.6 g/L Cu after the stripping process using 2 M H,SO..
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Table 1. The researches for solvent extraction copper
Authors Extractant Remarks Reference
« Use Cu, Ni, Zn sulfate solutions
B. R. Reddy and LIX84-1 * 0.05 M LIX84-1, O/A ratio 1:5, pH 4, 4:3, single stage extraction 4
D. N. Priya * 25% LIX622N, O/A ratio 1:1, 3-stage counter-current extraction
« Extraction of 95.5% of Cu from Zn, Ni
« Recovery of Cu from manganese nodule leachates
. . * 25 vol.% LIX84-1, O/A ratio 4:3, 4-stage counter-current extraction
S. Panigrahi et al. | LIX84-I, LIX622N |, 25% LIX622N, O/A ratio 1:1, 3-stage counter-current extraction 3
« Extraction of 99% of Cu from Zn, Co, Ni
« Recovery of Cu from Zn concentrates leachates
A. Deep et al. ACORGA M5640 | 25 vol.% ACORGA M5640, O/A ratio 0.2, 3-stage counter-current extraction 6
« Extraction of 98% of Cu from Zn, Fe, In
« Recovery of Cu from chalcopyrite concentrates leachates
K. E. Amari et al. | ACORGA M5397 |+ 20 vol.% ACORGA M5397, O/A ratio 1.5, 2-stage counter-current extraction 7
« Extraction of 94% of Cu
 Recovery of Cu from low grade Cu sulfide ore leachates
Z.Lanetal. LIX984, D2EHPA |+ 5 vol.% LIX984, O/A ratio 1, single stage extraction 9
« Extraction of 97% of Cu from Zn, Fe
« Recovery of Cu from chalcopyrite mine tailings leachates
W. Kitobo et al. LIX984N * 15 vol.% LIX984N, O/A ratio 1, 2-stage counter-current extraction 11
« Extraction of 99% of Cu from Zn, Fe
* Recovery of Cu from Zn, Mn, Fe solutions
H. Asghari et al. LIX984N « 18 vol.% LIX984N, pH 2, O/A ratio 1, single stage extraction 16
« Extraction of 94% of Cu from Fe, Mn
* Recovery of Cu from waste PCBs leachates
H.L.Leetal. LIX984N * 50 vol.% LIX984N, pH 1.5, O/A ratio 1.5, 3-stage counter-current extraction 17
« Extraction of 99.7% of Cu from Fe, Zn, Pb
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Table 2. The concentration of elements in the low-grade

copper ore
Element Concentration (wt.%)
Cu 1.5
Fe 4.7
Mn 1.0
Zn 0.3
Co 0.05
Al 3.8
Mg 2.4
Ca 0.3
1000
+ Calcium Aluminum Silicate(PDF#: 00-052-1344)
® Copper Ferrite(PDF#: 00-034-0425)
800 |- & Silicon Oxide(PDF#: 00-050-1432)
o Iron Silicate(PDF#: 00-034-0178)
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Fig. 1. XRD result of the low-grade copper ore of 0.355mm
or less in size.
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Table 3. The distribution ratio (D) and separation factor values for Bcum) with LIX984N concentration (M: Cu, Fe, Mn, Zn)

Conc. Doy (x10%
LIX984N
(vol.%) Cu Fe(x10%) | Mn(x10%) | Zn(x107) Fe Mn Zn
5 11.7 0.07 0.29 0.39 16.7 4.03 3.00
10 19.0 2.03 0.29 0.39 0.90 6.55 4.87
15 57.5 1.49 0.79 0.39 3.86 7.28 147
20 66.3 1.38 0.29 0.39 4.80 22.9 17.0
30 119 3.19 0.29 0.89 3.73 41.0 134
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Table 4. The concentration of Cu in the aqueous phase and
organic phase after extraction with O/A ratio (mg/L)

LIX984N 5 LIX984N 10 LIX984N 15
O/A vol.% vol.% vol.%
ratio -

[Cul® | (Cu)® | [Cu] | (Cu) | [Cu] ‘ (Cu)
Feed® 801 801 801

0.25 314 1948 148 | 2612 57 2976

0.5 95 1412 48 1506 26 1550

1 53 748 20 781 11 790

5 398 7 397 0.8 400

2
4 2.6 200 0.5 200 | N.D 200
8 0.7 100 | ND* | 100 | N.D 100

*Cu concentration in aqueous phase; *Cu concentration in
organic phase; “Initial Cu concentration in feed solution; “Not
Detected

Table 5. The concentration of Cu and Fe in the feed,
raffinate, loaded organic and stripped solution
(mg/L) (5 vol.% LIX984N, O/A ratio 0.5, 2-stage
counter-current extraction; 2M sulfuric acid, O/A
ratio 1 for stripping experiment)

Element Cu Fe
Feed 801 2290
Raffinate 0.5 2289
Loaded Organic
(Calculated) 1601 2
Stripped solution 1600 1.7

o] 7] =5 BASIR o™ 7714321 loaded organic®]
T sew A& W 7] S=E HiA Alsii 1A
At AI}E Table 40f UERARA AL o] & HFEFO 2 LIX984N
&= McCabe-Thiele diagram= Fig. 6°] YERY AT}
5 vol.% LIX984N2] McCabe-Thiele diagram= A1
H ™ Operation line 2.4 <, O/A ] 2F 0.49]4 &% 3¢t
20| ™ Q35}H Operation line 2 =, O/A H] 0.50{|4] &
20 3B UL OBHOR BT 5T 5 ot
TETE 10 vol.% LIX984N $&29] 739 Operation line
, O/A B]& 0.300|4] & AF FZ517] sl 721
Z20] I Q35}}. 15 vol.% LIX984N 32Z0]|41= Operation
line 3, O/A H]& 0.39|4 78 25 A F=517] £150
G2 FEo] o|E2H o2 W Qdts U 4= it
LIX984N9] 57} Foldes 129 552 571
st olo] wfek 52 0/A B GO F2)0] £:2& 95l

o e

I

Aol ojg Tele] Bl 34 AT 63
2500 ————
LIX 984N Svol.% Initial Feed= 0.81g/L Cu!
(a) |
-~ - /A=0.25 :
3 2000 |
= |
33 /
é i
I 1500 - T
§ .(!/A:U 5 Operation line =274 // '
o0 -
S 1000 - Peratiofi line = 2 ;
1 :
iE 0/A=1 |
= / ‘ - :
o ¥ -ation line = 1 I
3 |
U '
! ! ! |
0 100 200 300 400 500 600 700 800 900
Cu in the aqueous(mg/L)
3000 LIX 984N 10vol.% PRI .l
(b) a L7 Initial Feed= 0.81g/L. (.u:
BWO/A=025 3
— 2500 !
- |
= |
&0 ;
£ 2000 - 1
N i
3 '
2 !
g I !
&, 1500 |- Won-o :
5 |
Operation line =3 i
QD '
2 1000 - ;
> W O/A=1 il
= :
= '
= S0y '
Q
O/A> '
S . . . . . . 1
0 100 200 300 400 500 600 700 800 900
Cu in the aqueous(mg/L)
(C) 3500 et Tnitial r««:a.slg/|_('ui
3000 - mO/A=025 i
—_ .
ol i
= '
o0 2500 |
E |
- i
-2 2000 _ |
< IA=0.5 !
8o . !
3 1500 - Operation line =3 '
=
= 1000 H )
£ b ;
5 500 {04 i
O,
=8 1 1 1 1 1 1 1

0 )
0 100 200 300 400 500 600 700 800 900

Cu in the aqueous(mg/L)

Fig. 6. McCabe-Thiele diagram for each concentration of
LIX984N (a) 5 vol.% (b) 10 vol.% (c) 15 vol.%.

Q3% & Ik ZA €k Operation lineS 0] |
3] F20|4 FEAY AHEFE SOISAIRE 25 Tt
3¢kO & =715} Operation line S ¥5H W 744G
A9k O/A HlE&o] F7Isto] F2A4|9] ARgo] S7I5H
=} E3F O/A Bl&0| Z715Pd % A] Loaded organic
W Fele) S5} 2H4sto] SlAdo|she BALE WAl
b g ot 35 9B AAAA 38S dedlst

ARl S A 308 A 55, 2021



64 AV5F - #4935 - o]

Rod mill

Tailings dam

] K

Dot 79

EC U
| Filter press }

I pH control tank |

Metso:Outotec

<>

Cu solution

Solvent extraction process

Treated water tank | [ Waste water treatment ’

Fig. 7. The process for recovering Cu from low-grade copper ore'®.

7] o) 2 322 A1 B AT T2
DE 2% 22 U AHT A9 LIXOSN 5, 10, 15
vol. %04 k2t /A B1€9] 0.5, 0.3, 03014 722 A
FRET S g A0 WAL

et g AN F5 20 35 A9e AP

t}. I8 10, 15 vol.% LIX984N 0(}1,-,- 2 =& A
APohs 3 odHoR wse= A 340] A= o]
AZ ST, 5 vol.% LIX984NO| At 213t 3F
52 F2olM Fele BE FEEIH 0/A HE9
Sf8] 7ol F71 oF 1.6 gL 2 50| B Selet
2= Qltt. vho) 2 & 5A] ¢Fko ™ raffinateo] Z1th
2 Yololsict
5 vol.% LIX984N ke 20} 2Zof|A4] 7] 9] oh 2
E£52 520 HA| eteuz Mol A 34 §lol Bt
2 722 SAstith 27 2 MBS ol 83te] 0/A
HlE 1014 HAJsIA e 217t A @A o] HE4
= 16 gLe] 27 98 T 89S AG 5
Ak EAE O/A ¥1&S 2o N TS gAY
57 gL 5=A1Z4 4 9.0 €A T loaded organic U
o= 4 ol@o] ZAIEH Qo m ul2 NS T 4
Ak

AES) Yo ERE Telg ely] Slo) 28 B

Resources Recycling Vol. 30, No. 5, 2021

Hxg [oksto] Fig. 70 ALY, 2l 343t
3 A&7 raffinate 52 A3 34 AZ T 3gu|2
Hj&o] Ht}. 2EH o7 B A= 1.5 wt.%2] 12
£ e F30lA a8Al 38 B9 EEETH
TEE 97% ol S5 4= AT

4.2 E

£ AfolAs HAA-E 3 0R AEY SHoER
Bl 725 3|5okint 4] i, 2% v 34
4020 WS ES AT EYIL, HA 27903 M B,
80°C, TLMH] 10%, 44|17} ¥F2oj|A] 979%9] Za|7} A&
o] E|9it}. LIX984N2 aE Aeh oz 2zslim
oA vl 7ot AEAdE B OH 5 vol.% LIX984N
9] BHLOAE 90% o]AFe] ?-aﬂ Zo] ¥]7
S5 22594 gk ske RISt 2eAS 28 2l
22 z0= sk McCabe-Thicle diagram e
Rz 5to] o] ZAQl A O/AH| LT} Bk 2% T2 7
5112} 5192 5 vol.% LIX984N, O/A HI& 0.5, &F
729 FE 372 S 99%olde] TS Ao
232 9 5500 HFA 07 2 M kS 0]-85to]
O/A H]& 194 EAES Agsto] 1.6 gL TS -85t



B BYo TR HAAAT

AT $UL HEAAE BA F 22 T4 ol

O] EAIHA] FoH 2 AR 4= Sl

Lol 2

B AFE SRR AT FAAFAS] S BE
HRUE(V) 2R A/A12/28871& /E(GP2020-013,
21-3212-1y BHAl9] Yo 2 S| kU Th

References

1. U.S. Geological Survey, 2017 : Mineral commodity summaries
2017, U.S. Department of the Interior. USA.

2. Sohn, H-S., 2019 : Recycling of copper scrap, Journal of
Korean Institute of Resources Recycling, 28(3), pp.3-14.

3. Hwang, J., Cho, S.S., Seong, C.J., et al., 2020 : Aggregation
of thin copper wire by ball milling treatment, Journal of
Korean Institute of Resources Recycling, 29(4), pp.67-72.

4. Reddy, B.R., Priya, D.N., 2005 : Process development for
the separation of copper(Il), nickel(Il) and zinc(Il) from
sulphate solutions by solvent extraction using LIX84I,
Separation and Purification Technology, 45, pp.163-167.

5. Panigrahi, S., Parhi, P.K., Sarangi, K., et al., 2009 : A study
on extraction of copper using LIX84-1 and LIX622N,
Separation and Purification Technology, 70, pp.58-62.

6. Deep, A., Kumar, P., Carvalho, JJM.R., 2010 : Recovery of
copper from zinc leaching liquor using ACORGA M5640,
Separation and Purification Technology, 76, pp.21-25.

7. Amari, K.E., Jdid, E-A., Blazy, P., 2013 : Copper recovery
from chalcopyrite concentrate acid leach solutions by
ACORGA M5397, Physicochemical Problems of Mineral
Processing, 49(1), pp.329-339.

8. Reddy, B.R., Park, K.H., Mohapatra, D., 2007 : Process
development for the separation and recovery of copper
from sulphate leach liquors of synthetic Cu-Ni-Co-Fe
matte using LIX84 and LIX973N, Hydrometallurgy, 87,
pp.51-57.

9. Lan, Z-Y., Hu, Y-H., Liu, J-S., et al., 2005 : Solvent
extraction of copper and zinc from bioleaching solutions
with LIX984 and D2EHPA, Journal of Central South
University of Technology, 12(1), pp.45-49.

10. Elamari, K., Jdid. E.A., Blazy, P., 2006 : Copper solvent
extraction from chalcopyrite concentrate acid leach solutions
by LIX984, Journal of Mining and Metallurgy, 42B, pp.
1-11.

Aol ofgt el

2|

o
o,

A 65

f

11. Kotobo, W., Gaydardzhiev, S., Frenay, J., et al., 2010:
Separation of copper and zinc by solvent extraction during
reprocessing of flotation tailings, Separation Science and
Technology, 45, pp.535-540.

12. Lu, J., Dreisinger, D., 2013 : Solvent extraction of copper
from chloride solution I: Extraction isotherms, Hydro-
metallurgy, 137, pp.13-17.

13. Lu, J., Dreisinger, D., 2013 : Solvent extraction of copper
from chloride solution II: Cuprous oxidation by oxygen
coupled with simultaneous cupric solvent extraction,
Hydrometallurgy, 138, pp.48-53.

14. Lu, J., Dreisinger, D., 2014 : Two-stage countercurrent
solvent extraction of copper from cuprous chloride solution:
Cu(Il) loading coupled with Cu(I) oxidation by oxygen
and iron scrubbiong, Hydrometallurgy, 150, pp.41-46.

15. Feng, J., Chuanhua, L., Jinhui, P., et al., 2015 : Solvent
extraction of Cu2+ with laminar flow of microreactor from
leachant containing Cu and Fe, Rare Metal Technology
2015, TMS Annual Meeting & Exhibition, Orlando, USA,
2015, pp.45-52.

16. Asghari, H., Safarzadeh, M.S., Asghari, G., et al., 2009 :
The effect of impurities on the extraction of copper srom
sulfate medium using LIX984N in kerosene, Russian
journal of Non-Ferrous Metals, 50(2), pp.89-96.

17. Le, H. L., Jeong, J., Lee, J-C., et al., 2011 : Hydro-
metallurgical process for copper recovery from waste printed
circuit boards (PCBs), Mineral Processing and Extractive
Metallurgy Review, 32(2), pp.90-104.

18. Roine, A., Kobylin, P., 2021 : HSC Chemistry® User's
Guide, Metso Outotec, Filand Oy.

19. Miguel, E.R.S., Auilar, J.C., Bernal, J.P., et al., 1997 :
Extraction of Cu(Il), Fe(I1I), Ga(III), Ni(1I), In(III), Co(11),
Zn(1l) and Pb(II) with LIX984 dissolved in n-heptane,
Hydrometallurgy, 47, pp.19-30.

20. Cheng, C.Y., 2000 : Purification of synthetic laterite leach
solution by solvent extraction using D2EHPA, Hydro-
metallurgy, 56, pp.369-386.

rx

5

- QRIS A1 g ST A

- A PRA AR AT FRAAAT Y
REEED)

-+ 31314 AB0Y 4% Hx

ARl S A 308 A 55, 2021



66 A5F - FHE o]

%

1"

54 A4

Y

foh

e R E R D E s

Hpa}
- QA A A UATY FRALA TS
AR

SR A3 47 =

0)3H

+ A THb | AT A g B ot
Ay
- S8 A0 42 HE

RS

R

et AR B

AR TR LA AT Y FEAAATES
AYAT A, Foblehota
AR F N 34

« 3ol 4109 35 B

My

—

+ QR BRI S-gafalFot uhA}

- A R IALATY FEAURT R
A9, He7| & A Arheh
AR 55

g SF3IA] A0 63 F

(]
xg

ok

Resources Recycling Vol. 30, No. 5, 2021





