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Development of new rhodium extraction systems by using synergistic effect and
analyses of their separation mechanism
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In order to develop effective extraction systems for rhodium in hydrochloric
acid solution by using a synergistic effect, we investigated the extraction mechanism of rhodium in
mixed solvent systems of sulfide-type and amine-type extractants. We analyzed the distribution

behavior of rhodium between the organic extractant phase and hydrochloric acid solution, and the
structure of the rhodium complexes extracted. As a result, the synergistic effect would stem from
neutralization of a rhodium complex anion with the protonated amine-type extractants and
substitution of the coordinated water of the rhodium by the sulfide-type extractant.



(1

(>1 M) [RhCls(H,0)]*  [RhClg]*
( )
-n- (TOA)
_n_
(DHS)
(TDGA)
Rh(lI1) —
X
(XAFS) X
(SAXS)
Rh(I11)
2

(XAFS) X (SAXS)
1)
TOA DHS
N,N,N’,N - -2-
- (TEHTDGA)
N,N - NN~ -n- -
(MOTDGA) [2]

TDGA

MOTDGA: R1 = CH3, R2 = n-CgH17
TEHTDGA: Ry = R, = CH,CH(CoHs)(n-C4Hg)

DHS
(DPhS (n-CeH5)23

-n- (DOSO

(n-CgH17).SO ) -n-
(DOS()Z (n-C8H17)QSOO
)

@

10 mol/L
60
ICP-AES
NaOH

22+3 °C
1:1



©)
FTIR  NMR

MOTDGA—TOA

Rh(III)
XAFS SPring-8 BL-11XU

TOA

MOTDGA—TOA—1-

Rh(III)

— DHS—TOA—
Rh(III)

SAXS XAFS
2 mm

BL8S3

M
TOA—DHS TOA—
MOTDGA
TOA

B 0.5 mol/L MOTDGA - x mol/L TOA
@) (1).5 mol/L DHS - x mol/L TOA
=L T T

(=1
T

0.01 | L
0.1 1

[TOA]/ mol/L

TOA

TOA
TOA DHS
MOTDGA
TOA

1:1 TOA:HCI

Job’s Plots
DHS—TOA MOTDGA—TOA
DHS MOTDGA
2 mol/L
(Job’s plots)
0.5 mol/L

Rh(III)

Rh(III)
0.30-0.35
Rh(II) TOA (DHS
MOTDGA) 1 2 1 0.33

1-

MOTDGA TEHTDGA
10 g‘ T L L L L L L
[d MOTDGA-TOA
@ DHS-TOA
1E ]
i,
- | °
S o1k |
0.01%

0 0.2 0.4 0.6 0.8 1

[MOTDGAJ/([MOTDGAJ+[TOA])
or [DHS]/([DHS]+[TOA])

MOTDGA—TOA
Job’s Plots

DHS—TOA
Rh(III)

Rh(III)

mol/L 2 mol/L
Rh(III)

TOA-HCI HCl

Rh(III)
Rh(IID)
Rh(III)

Rh(III)
10 mol/L
28%
10 mol/L
MOTDGA—TOA
Rh(III)
10 mol/L

0.5 mol/L

0.5 mol/L
DHS—TOA

DHS—TOA
60%
10%

DPhS DOSO DOSO2
DHS—TOA DHS  DPhS
DOSO DOSO2
Rh(III) DPhS
DOSO

DOSO2 DOSO2

Rh(IID)

DPhS—TOA Rh(IID)
DHS—TOA DPhS



Rh(III)

(2) Rh(II)
TDGA
MOTDGA—TOA
2 mol/L 2
mol/L Rh(IIT)
FT-IR
1,650 cm’
Rh(I1I)
60 cm’ MOTDGA
Rh(I1I)

TEHTDGA—TOA

I IR IR WA I W
1800 1750 1700 1650 1600 1550 1500

(cm™)
MOTDGA—TOA FT-IR
BC NMR
~168.5 ppm
Rh(I1I)
FT-IR BC NMR
TDGA Rh(I1I)
Rh(I1I)
Rh(IIT) Rh K-edge
XAFS DHS—TOA
MOTDGA—TOA Rh
Rh(I1I) 2 mol/L
TOA
XANES Rh
TOA
Rh
DHS—TOA MOTDGA—TOA

Rh K-edge EXAFS

FEFF
(a) (b) TOA
[RhCl5(H,0)]*
19A Cl Rh 1.6
A
O Rh
(c) DHS TOA
DHS
19 A
Rh-C1 Rh-S
(d)
MOTDGA DHS 1.6 A
FT-IR
(a)
=
L (b)
(c)
(d)
0 S
RA ¢ )

Rh K-edge EXAFS
(2) Rh(1ll) in 2 M HCI (b) Rh—TOA (c)
Rh—DHS—TOA (d) Rh—MOTDGA—
TOA

TEHTDGA—TOA—1-

2 mol/L
SAXS
nm
SAXS
TOA(1.0 mol/L)—1-
SAXS
3.3 nm’ Rh-Rh

TEHTDGA(0.5 mol/L)— TOA(0.5

mol/L)—1-
Rh-Rh

DHS-TOA



TOA

H. Narita, M. Maeda, C. Tokoro, M. Tanaka,

R. Motokawa, H. Shiwaku, T. Yaita, Highly

Efficient Extraction of Platinum Group

Metals Using Amide-Containing Tertiary

n- Amine Compounds, The 15th Japan/Korea

SAXS International Symposium on Resources

1.0 nm™ Recycling and Materials Science, 2017 4

19

H. Narita, Development of New Separation

n - Reagents for Platinum Group Metals,

1- Interdisciplinary German-Japanese
Symposium 2016,2016 5 10

H. Narita, K. Morisaku, M. Tanaka,, R.
Motokawa, H. Shiwaku, T. Yaita,
Extraction and Structural Properties of
Rhodium  Chloride Complexes with
Amide-Containing Tertiary Amine
Compounds, The International Chemical
Congress of Pacific Basin Societies, 2015

X IRBLELRE (a.u.)

12 18 ,
, 2015 ,2015
[ —— ToAtOmol)—1-4052/—)Lisis 9 8
—— TEHTDGA(05 mol/L }—TOAQS mol/L}—1-44 5/ —| LialE ’
04 [T TEHIDGARS mollTOARS moll ) A5 BR H. Narita, Extraction and Structural
L 410 Properties of PGM Complexes with
R (o) Amide-type =~ Compounds, = The  3rd
TOA(1.0 mol/L)—1- International ~ Symposium  on  Host
TEHTDGA(0.5 mol/L)—TOA(0.5 mol/L)—1- Compounds ~ for  Separation  and
TEHTDGA(0.5 mol/L)—TOA(0.5 Functionality in Saga, 2015 7 29 ,
mol/L)—n-
SAXS R
, JAEA
2015, 2015 3
17 , SPring-8
[1] http://www.platinum.matthey.com/ ., o,
[2] H. Narita et al., Chem. Lett., 33,1144 (2004) s ,
33

>

, 2014 12 11

(1)
NARITA HIROKAZU
H. Narita, K. Morisaku, M. Tanaka,
Synergistic Extraction of Rhodium(III)
from Hydrochloric Acid Solution with 60357689
Tri-n-octylamine and Sulfide-type
Extractants, Solvent Extraction and Ion 2)
Exchange, Vol. 33, 462-471 (2015), MOTOKAWA RYUHEI
. DOL: 10.1080/07366299.2015.1039834
» Vol 81, 50414579

157-167 (2017),
http://doi.org/10.2320/jinstmet.JE201604




