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Choline Hydroxide
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lonic Liquids | A -
“‘ OH' ...

KB HF A

T-SAR Strategy

i Amino Acid i -ow 10xio
‘ A Biocompatible
=477 =~
KB —A> \Nl/;t“ Biodegradable
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‘ OH

Gly Goto et. al., J. Mol. Liq., 278, 226 (2019)
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Abbott et al.,, Chem. Commun., 1, 70-71 (2003)
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Xu et al, Communications Materials, 1, 99 (2020).
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5.1.1. HARIRFREADGEIEFDFIA

« AHLE7I/BEHEAIDICES=y/7IL-2/0)0 O S Bttt EE

PHeq PHeq PHeq

4Ll -Mn e-Co B-Nij 4Ll -Mn --Co B-Nij 4Ll -Mn -Co B-Ni

mm D2EHAG > D2EHAPG > D2EHAF

D2EHAG -406.8 -508.6 -101.8
D2EHAPG -355.5 -439.4 -83.9 0.45 Ni/Cos BETEREICDULNT
D2EHAF  -527.8 -573.0 -45.2 0.38 B4 B LR ER A B AS— B

ATEIE EAE
T. Hanada, M. Goto et al., Sep. Purif. Technol., 281, 119898 (2022). (IF=9.136) 11
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Platinum Group Metals Metals in Batteries Rare-Earth Metals
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Hundreds of possible IL structures

Numerical description ps
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v' Metal selectivity

-> To curate IL structures suitable for metal extraction using ML v’ Eco-toxicity
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IL index
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NA : not applicable
Pt : platinum
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5.1.1. HBARIRFREADGEIEFDFIA

« BHFB(CEILKMFUREOHMEEN - RESHEDRI)—=0T

100
80 -
—~ 60 i
o
404
20+
Sustalnable

Chcnustry Engineering

O7Bt 11 Nd

Extractant

IL_51 ([Pggsy,][Cl])

Media: Chloride

Extractant

IL_87 ([Bmim][TTA])

100

80+

60

40-

20+

OBt L Na
Media: Sulfate

Experimental conditions

Extractant

IL_53 ([Pggg:,][NO;])
100

80 -

60 1

40-

20-

O7Pt 11 Nd

Media: Nitrate

Metal ion concentrations: Pt(IV) = 50 ppm, Li(l) = 50 ppm, and Nd(IIl) = 50 ppm;

IL/agq ratio: 0.5; Time: 3 h; Temperature: 25 °C

R M EEROFAOEY . BOERMHENERET S LE R

A.T.N. Fajar, M. Goto et al., ACS Sustain. Chem. Eng., 8, 11283-11291 (2020).(1F=9.224) M
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5.1.2. LIBUBA )LD OCADIEE iEA

2-1. BR/KDESIZ & 4LIBA S D F i B EI4R

LIBF&45#7 - -

HRryh ANE £
(ERI (vt Y) P MO
EHST |
HABMH b =
| R
T4 o -
(=) 2 ) (-
AR 1 i
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:LiCo0,, LiNiCoMnO, L 7AZ)LDM=FY (BED3I0%EEHDHD)

O
N
— o ®

BELGL T A2IIVEEAEYESNRISZHTES

IRIREAAE D 7 B IR DB

ERA~NDEMMEZH I LB KIEDESDFFE

HBD

HBA

Benzoyltrifluoroacetone

(HBTA)
m.p. 40°C

Decanoic acid
(decA)
m.p. 32°C

Wj\ DESO ¥4 1{E
BE

/\/\/\/\E/\/\/\/\

. 1] 3
DES (HBD:HBA) [g/i:m3 [mPa s]

o)
Trioctylphosphine oxide
(TOPO) HBTA/TOPO(2:1) 1.05 28.1

m.p. 50°C
decA/TOPO(1:1) 0.88 44.8

A ZDESDBEAERELTHRT S ZZIRE!

T. Hanada, M. Goto, Green Chem., 24, 5107-5115 (2022). (IF=11.034) 1 6
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2-1. BRKEDESIZ&ALIBET LML D E S E[E YR %L %S %L %S
DES®D#&D iR U FIFHDI%5Y Li Co ]
HBTA/TOPO(2:1) - :
0.1M-ascA, 2.5% water =l 100 - m s I
LiCoO,: 10 g/L o LN - -
60C, 3 h \ | = i
Metal-loaded DES o 5 T
0.5M-oxalic acid solution >tripping £ 40 | §
A/0=1:1 i
RT, 1 h 20T i
| o | :
EESH - Sl W NGB IbERIEL S L

Leaching Stripping
L' B Raw-DE - DESIAfter . C(@alate

stripping = precipitate
@ LiCoO, loaded Li rich
| DES solution
) .;4-.__,1 S -
Aquéous phase .
. ol . : _—n
High reusabilityll B - TR 8 BDESDE AL

[
Organlc phase

Organlc phase
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T. Hanada, M. Goto, ACS Sustain. Chem. Eng., 9,2152-2160 (2021). 1F=9.224) 1/



5.1.3. BREMRVUYS1AI)

BRIK MEDE S| &3 B B3 54 RAEA S0 B 2 RSB D5 B EUY
O Analysis of automotive catalyst used in this part

80 °C
: Aqua | o4
Crushlng & regia | 500 rpm
A mileage Diameter: >75 ym kT
of 86,000 km Automotive catalyst (AC)

Metal contents of automotive catalyst [g/kg]

Pt Pd Rh Al Mg La Fe Ba Ce Zn Zr Cu

24 3.0 04 1144 355 122 0.7 0.03 0.6 0.1 0.005 0.02

PGMs Impurity metals (Metals which do not want to recover)

PGMOE3ESH - SR RELN B IR
18



5.1.3. BREMRVUYS1I)

BRJKTEDES |- &2 B EiEHh R s/ D0 B LS E D 2 EEE IR

O 1 F ikl RIERAMBAE B

> Very low volatility > high cost v o~

> Low toxicity > high viscosity ‘\ ;

| &=

NTH N \

O F &= (DES) Hydrophobic solvent
Hydrogen Hydrogen

R bonding acceptor === * .« bonding donor -, DES
: C14H P ' - O
o | o
Pt High affinity : PP :
C6H13/ \ 6|(3ﬁ|:13 for PGMs -I— OH: — \s___*
:  Hydrophobic ionic liquid :  Liquid solvent

Pe6614Cl ! Decanoic acid - at room temperature

*
-----------------------------------------------------------------

[Molar ratio] P66614Cl : Decanoic acid=1:2

HEROHHFIZBRKEDES DB 7 ELTHIA

19
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BRJKTEDES |- &2 B EiEHh R s/ D 0 E LS E D 2 BEE IR

The metal loaded

DES phase Removal Recovery 1: Rh Recovery 2:Pd Recovery 3: Pt
Pt Pd Rh)
@., @ Pt/ P_d Rh) Pt,
’ : Pd | Pt
Metal concentration o @ . J o
in DES after r Xy g
leaching is 100%. Water Ammonium chloride Thiourea Ammonium nitrate
100 | 100 100 ¢ 100
80 80 I 80 r 80 |
60 r 60 r 60 r 60 r
2 2 ° 2
® 40 | %o | a0 | a0 L
20 | 11% 20 | 20 20 |
5% 0
o
o L1, o 0% 0% ol L1 ] 0% 1%
Pt Pd Rh Al La Pt Pd Rh Pt Pd Rrh Pt Pd Rn
96% 97% 73% 95% 75%

=% OBKIEDESH 5PGM%Z 73 & [E] 4 AT BE 20
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