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Abstract

Ion solvation extraction has been used as a separation techniques for gold (Au(Ill)) from various metal ions in a
hydrochloric acid media. Dibutyl carbitol (DBC) has been used as the most popular solvent to extract Au(IIl), while no
better solvent has been found for many years. In the present review, the results of recent investigations by the authors to
find valid solvents for ion solvation extraction are summarized. Ethers and ketones are suitable in view of the high
extractability for Au(IIl) as well as the good properties including chemical stability. Ethers and ketones which have a
smaller side chains and relatively higher polarity showed higher extractability, however, polar solvents would leak into
the aqueous phase. Therefore suitable solvents with moderate polarity are narrowed down based on the balance between
high extractability and low aqueous solubility. As the polarity affects the extractability, the logP value (octanol/water
partition coefficient) and the Hansen solubility parameter would be one of the indexes for the Au(III) extractability. Sol-
vents used in industrial processes are required to have not only high extractability but also good properties such as a
low aqueous solubility and a high flash point. The comprehensive research revealed the requirements for solvents to ex-

tract Au(IIl) based on ion solvation. Additionally, several potential solvents which might replace DBC were suggested.
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Figure 1.  Structures of organic solvents used for the Au(III) extraction tests.
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Figure 2. INCO (currently Vale) flow sheet for extraction of precious metals.*'?
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Figure 3. Au(IIl) concentration in MIBK, DBC, and 2-NON
as a function of initial concentration of Au(Ill) in
HCI media.”
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Table 1 Physical properties of organic solvents for the extraction of Au(III)

DBC MIBK CPME 1,2-DMB 2-NON BuP
molar mass [g mol '] 218.3 100.2 100.2 138.2 142.2 148.2
solubility in water [g dm™] 3 19.1 11.0 6.7 0.5 0.51
density [g dm™] 0.88 0.80 0.86 1.08 0.82 0.98
viscosity [mPa-s] 2.4 0.61 0.55 33 1.3 2.2
boiling point [°C] 256 116 106 206 195 221
flash point [°C] 118 17 -1 87 76 88
logP* [-] 3.11 1.52 1.65 1.79 3.13 2.88

a The logP values were estimated using MarvinSketch 6.2.1 software (ChemAxon Ltd., Budapest, Hungary) and

the KLOP (Klopman’s) method”’

T =7 VBTEEEHCALE L, HoRE B RENE
W (v b r = BRAVINZ),, e, HSPs Tlk
e C X T W IRBE DS 7o 2N b b I L e
BEOMIMPRRTFELTHE LY D EEZ LN,

5. TEMGHRET ORI ITKRO SN BFEOME

HITEIC T Au(Ill) @ fli 5 U 7 W o Wik 242 0 A
Lo bovcEich, EhrchhBEEE KB OB ERIF
T EHED R TR D 7w, B ARRYE O E
TN Au(II) o iR TL B2, —J TKICEMR
T 5 I R E I ORISR L T b, fillic
L e, BERSIRErkobh b,

Table 1 IC T F TIRETLNICEHEOWIEMEE & &
%, DBC DK~NDUEMEL 3 g/dm® T, Zh X v R
FEAK X MIBK, CPME, 1,2-DMB (1t Hi#/Fic 13
B DE RN K E N, 2-NON, BuP D E 1% DBC
L0 3L, HFHRECRE LTI ERS LRI R
Bo LATHNEIRE O 7o DI 3R D5 K E A E N 2 &
NEF L\, MIBK, CPME (5] K &S AMEN 72D (i
IR 2 %, BN T MIBK 23 Au(TIl) o sl e B A X
IR GBI EN N KA O FERE &R G K E AR &R
b B, DBC, 1,2-DMB, 2-NON % X 08 BuP D 5|k #i
1% 70°C LAk 200°C Rifich b, B fhicr B n,
CNB I E S TE 5, BIEORE IZETT
B T EE 2 Bb, 1,2-DMB DA 7k
X DBC X 0 b REAMEL, OB TAFNL -, B
DEFENKICIT N EAHD AR Z D 3 <, iliEAE
R XTI e H B, 1,2-DMB ¥ L OF BuP
32 D EL DR CD B,

IhbEBRETLERLM b5 DBC X bk~
DIRMREME L, WIE7RG K, Kk, BEXET5
2-NON (12 T2/ 7 FIH O 7 o1 L ek & fi 2 T
HEWR B,

Vol. 70, No. 1 (2023)

6. E5bH 1) I

4 OFAE T 2000 £ E TR T 7 ) FESE D
72 o e DNTAE T ER R D, hE, A=A TV 7,
a2 7 BVEERO ELICAE L T\ B, MW IEE O
SRR I D ERA TN LD, AT e
MUIBECLIEDEI NS ) 22035, HERMFELD
DED Y FA 7 VFERSEICE TRICEE L E2 DR
o THLIHERTT, BEINCEFRGECLETIN
LV EIROFEEE BiA T/NIKE Y A 7 ik
DGR AT S hte, & OB /INUSRE O BRI )
B HD, MWEE L SNt 147 b VTl 2018 I
RTHER L T, R EEZEE CHE S R
Bl g#ERokaTchy, BIREOM Bcii—
BOLRPADEEBbID,

EATE T HBERD IS MOR V&R 2 &8 Lk iy
nEeBBEFR L L ORTWED, —TELBENS T
DHIZFE DI EHIER S T, 2TOE&B/BEHRED
BGOSR T B & LI BR S TIINEETH B,
F5 LRI T, @EiliT) v A 7 4 OB S el
RADORIK R THY, FO7 nr2ADHFELLSED
HEIELE2 b5, DBC & M7z Au(lll) Ok 5 Bk
IR <EBAINTNDH, BIHEOREND D e ELEEDO R
HIZFE ST b, ARG CRAERNLIIIEDEA TV
U Au(lll) 7 & DIEAEEE R O IR o fh e o T
B OEDORE A A LI, 2-NON 7z &, DBC i
BEWb D 5 D8O ORMA BH Licizh, s
U7 IE D 4 E DAL D A LT DN T—E DHEHE R D
TR, ILICHALMKEEL TW\5,

BT o il RS O M X 2 S IR 0 281
ZFEAEE LRI, RE, SRRSO
AR 2, AR BEDOA TR T V2oL v
HEOGMICLREL S 5, W FexxTHB L

2 %o

23



References

. C. Hageluken and C.W. Corti: Gold Bulletin, 43,

Now AW

12.

13.
14.

15.

16.

17.

24

pp. 209-219 (2010)

BRIGAE M « A0 4 R BRI E / ERI 2 a3/
EW LR IAE, p. 147 (2022)

JRHSE - AL, 82, pp. 410413 (2018)
BINRE (L% T%, 82, pp. 428-430 (2018)

H LR, AT RS T, 46, pp. 164-172 (1982)
BRI, TR ST A2 T2, 46, pp. 700-706 (1982)
J.0. Marsden and C. House: The chemistry of gold ex-
traction, 2nd edition. Society for Mining, Metallurgy &
Exploration (2006)

ST, HEBERRER - B ofky: - JEER, mER
HHmTE, (1985)

KD BERERDEL, 40, pp. 13-19 (2020)

1.V. Mironov: Hydrometallurgy, 33, pp. 15-22 (2013)
D.F.C. Morris and M.A. Khan: Talanta, 111, pp. 231-233
(1968)

J.E. Barnes and J.D. Edwards: Chemistry and Industry,
10, pp. 151-155 (1982)

HJIFEIE : Journal of MMIJ, 134, pp. 74-80 (2018)

S. Javanshir, M. Abdollahy, H. Abolghasemi, A. Khodadadi
Darban: International Journal of Mineral Processing, 98,
pp. 4247 (2011)

J. Rydberg, M. Cox, C. Musikas, G.R. Choppin: Solvent
Extraction Principles and Practice, Revised and Expand-
ed, 2nd edition. CRC Press (2004)

A. Diamantatos: Analytica Chimica Acta, 131, pp. 53-62
(1981)

T. Oshima, Y. Iwakiri, A. Inada: Hydrometallurgy, sub-

KE

18.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

mitted (2023)

C. Sella, R. Navarro Mendoza, D. Bauer: Hydrometal-
lurgy, 27, pp. 179-190 (1991)

N. Matsuo, T. Oshima, K. Ohe, N. Otsuki: Solvent Ex-
traction Research and Development Japan, 26, pp. 81-89
(2019)

T. Oshima, N. Ohkubo, I. Fujiwara, T. Horiuchi, T.
Koyama, K. Ohe, Y. Baba: Solvent Extraction Research
and Development Japan, 24, pp. 89-96 (2017)

T. Oshima, T. Koyama, N. Otsuka: Solvent Extraction
and Ion Exchange, 39, pp. 477490 (2021)

T. Horiuchi, T. Oshima, Y. Baba: Hydrometallurgy, 178,
pp. 176180 (2018)

T. Oshima, T. Horiuchi, K. Matsuzaki, K. Ohe: Hydro-
metallurgy, 183, pp. 207-212 (2019)

T. Oshima, K. Matsuzaki, A. Inada, K. Ohe: Separation
and Purification Technology, 258, 118008 (2021)

T. Oshima and K. Miyake: AIChE Journal, 67, e17214
(2021)

T. Oshima, K. Miyake, M. Hashizume, A. Inada: Solvent
Extraction Research and Development Japan, in press
(2023)

G. Klopman, J.-Y., Li, S. Wang, M. Dimayuga: Journal
of Chemical Information and Modeling, 34, pp. 752-781
(1994)

C.M. Hansen: Hansen Solubility Parameters: A User’s
Handbook, Second Edition. CRC Press (2007)
K, SUHR, =R REEE, KREEHE
MHRE AP LFEESIDKFEREETE
R120 (2020)

REERIF



