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Creation of new separation fields gsin% deep eutectic solvents and development
of innovative separation technologies for precious metals

BABA, Yoshinari
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Deep eutectic solvents (DES) were created by using trioctylphosphine oxide
(TOPO) and amine-based extractants as “ hydrogen bond acceptor” and newly synthesized N-lauroyl
sarcosine (NLS), isostearic acid (I1SA), and isooctyl glycolate (10TG) as “ hydrogen bond donor” .
The extraction selectivity was evaluated for the metal mixture including precious metals. Here, we
were able to present “ Guidelines for preparation of DES” based on our basic data obtained in this
study. Furthermore, it should be noted that the extraction mechanism expressed the high selectivity
for precious metals and rare metals may be reasonably explained by incorporating “ synergistic
effect” and “ opposing reaction” .
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Fig. 1. Chemical structures of (a) isostearic acid, (b) TOPO, (c) alkylimidazole,
(d) dodecylbenzimidazole, (e) 1-(2-ethylhexyl)pyrazole (EHP), (f) 4-n-octylaniline,
(9) 2-nonylbenzimidazole.
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Fig. 2. Effect of equilibrium pH on the extraction
percentage of metal ions with

(a) isostearic acid, (b) TOPO

Ag: 1 mM metal solution in 1 M NH4NO:s.

Ora: (a) 0.2 M isostearic acid, (b) 0.2 M TOPO.
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Fig. 3. Effect of equilibrium pH on the extraction
percentage of metal ions with isostearic acid + TOPO.
Ag: 1 mM metal solution in 1 M NH4NO:s.

Org: (¢) 0.2 M NLS + 0.2 M TOPO in toluene, (d) 2.1
M isostearic acid + 1.1 M TOPO.
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Fig.4. Effect of concentration of HCI on the
extraction percentage of Pd(Il), Pt(IV) and Rh(llI)
with (a) 1-dodecylimidazole, (b) 1-butylimidazole,
(c) 1-dodecylbenzimidazole, (d) 2-
nonylbenzimidazole, (e) 1-(2-ethylhexyl)pyrazole
and (f) 4-n-octylaniline. Aqueous phase: [M]inic= 1
mM in 0.1-8 N HCI. Organic phase: 0.1 mol dm= in
toluene.
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Fig. 5 Effect of (a) 1-butylimidazole (BIM) concentration, (b) extraction time and (c) A:O on the extraction
percentage of Pd(Il), Pt(1\VV) and Rh(lll). Organic: (a) 0.05-5 M, (b) and (c) 0.1 M 1-butylimidazole in
toluene. Aqueous: [MTini=1 mM in 8 N HCI.
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Fig. 6. Effect of concentration of 1-butylimidazole Fig. 7. Chemicals for stripping and

(BIM) on the extraction percentage of Pd(II), Pt(1V) concentration of Pt(1V), Pd(1l), Rh(I11).

and Rh(I1l) with 4-n-octylaniline + 1-butylimidazole. Aqueous: [M]ini=1 mM in 8 N HCL.

Aqueous: [M]ini=1 mM in 0.1-8 N HCI. Org: [4-n- Organic: [4-n-octylaniline]= 0.1 mol dm,

octylaniline]= 0.1 mol dm, [1-buty limidazole]= 0- [1-butylimidazole]= 3.0 mol dm in toluene.

5.0 mol dm= in toluene.
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