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Quantitative and selective recoverK of rhodium was successfully achieved by
adding melamine, which is a primary amine compound with a heterocycle, to hydrochloric acid
solutions containing platinum group metals. We also succeeded in quantitative and selective recovery
of platinum by using 1,4-bis(aminomethy)lcyclohexane, an aliphatic primary diamine compound. It was
revealed that the formation of ionic crystals is the key to selective recovery of the metals.
We succeeded in preparation of porous iridium oxide catalysts by calcination under air of ionic
crystals composed of iridium and primary amine compounds. It was revealed that the porous iridium
oxide catalysts obtained from ionic crystals using aniline exhibited excellent oxygen evolution
catalytic ability.



B X C—19, F—19—1 (Jth)

1. WFSERHAR YW DTS &

HamaeE (PGM) I LEEMIMEOmWEREIRTH Y, BERMKZEBLT -0 _RE
FENoDU YA T ARMETHS, LML, @BZRHIEER»SO PGM EIUZIBWT,
PGM X4 BRI L OMEREEL L T D Z & s, BN ARSBEEIImD CREECTH D, TDOHF
THr Yy A (Rh) II0EHRE GRBEHE, TRERBIGE, A A ZHike &) TIERERm - B
AU ORI R BN CTE R WEE TH D L SN TE T, Lo LFExlL, FEKRE K
TIAEWENND Z EIZEY, Ae (Pt) T VUL (Pd) ZETEBER) D Rh DI
ARSI DO R (Fhdh) & LTINS 2 Z LICHRTHID TRlREI L, 5 LT D

(K. Matsumoto et al., ACS Omega, 2019, 4 (11), 14613-14620.; Sci. Rep., 2019, 9,
12414. ; ACS Omega, 2019, 4 (1), 1868-1873.), L2>L, Rh [EIIZI W Tl R CEIRMEIL
TR, Fz, Pt HOMO PGM OB BN © LT H2MLERH Y, KIEL OMEE
x T3,

PGM I FEIZTAEE & L CTHWBILTE Y, EIRO @0 et iEyE M ) OB 6T kL
AT ZAVEAL DS TSI S VTV D, &R FEOPRERUNL 1, ot ke ERE A OS5
O LN NE E 72503, Rh, Ru, Ir 38X ONEOEEA A U NIENLEHATEPED DA A 2 %R
HLARFTH D720, F 2R T ) ZUE LB R#ETH S, Rh, Ru £720F Ir B2 %)/
ZAE RO/ ERRIIRTZ 72 <, @R TEARBERR 5 O 72 I H 7= 7 fEERE DO BIFE 23k D B i
TW5a,

2. WHEOHB

AWFFETIE, POM EBE—#k 7 I AMEEW & ORI 72 A A UGS TEAL Z T L7 PGM SR [a]IY
EIREHN L ST 5, S 62, BohdAF Uibma Bk e LicT 2 ZHUE SR OMEER & fif
BREAZAGNITAZ L2 A E T 5, ZILE TO POM BT T, EIRAE &RBDIERE T 5
R IR AN YD Z L1372, G@REICEOBIRMED A E MmO R ThH -7, ARSI, 4§
Friy7e POM [BIE DML 2 B9 L RIS, BUNAIE SRBPERT 24 A U fmIcEB L, £h
I ) LIVEMBEORERA L LTRIHT DLW ZNE TICAWRMBIZESL, Zhicky,
PGM BT & LT T <, Fie /R & L CHInH T, BIRMEERO R0 HIER
WCHRMNOEE RN E D Z LSS,

3. WDk
(1) PGM IR LA

POM % & T RRTAIRIZ S — 7 S ALEMERINL, B 5 £ EET 5 2 & TER L
B % A TR LTz, AIEEB L OVLED T O4 R &% @ EIEHEE S 7 7 A~ RNty
Hr (ICP-AES) ZHWTHIET 52 & T, &RENCES LI OESEMEZFMI Lz, F—Hk7 I
(LB DIy TAEE-CERAIRE, 7 I VININE, &RIEER 22 S8 Rt 21772,

PGM &85k T 2 S ALBWN B 72 DILE D O A S 2 MBS U, HEAE & X RS fRaT o L v 3F
MRS Z A LN 52 LT, SREINERE 2 #m Lz,

(2) A A UG OBERIC K D AU o /ERL & FEA

Ir OEFREIEIRICE 7T I ALEMETNL, HEBET52ETlr ET7 I UMLEMNER DA
F UM ER Uz, WIS, A AR a BERAE TIC TR 2 2 & CEEL Tr il 215 7=,
fifhE o> AR E - BEMEE (SEM) BIZRIic X, ZHEMETHLIE 5 1 aiH i Lz,

ERL L 7= 2 fLERAL Tr il ST, BRI FRELEE Z VY, 0.5 MR I8
D EEFRERIEREIZ DUV TR L 72, fBERTEMA Td D14 A4 U ffa OERICH W=7 2 b d
W OFEFECRERL S DL TR E MBI RN I THEERD & &b, TIROMFRFEA MBS -
PEREZ LhiE 92 = & CARMRIE DA FME &2 R4 L 7=,

4. WFFERRR

(1) AT I Z A= Rh IR B AR

BRERREATDE T I AW TH D AT I ZHNT POM [BIGRER 21T 72 & 2 5,
Rh 23 & LCHEINTE 2 2 &V L7z, Pd =P Pt BHAET BEITB VT H Rh DA %8R
FIZEITX 5 2 L4 hvo7- (Fig. la), POMJEEEAZ 45 mM 7226 50 mM IZEE L7-& = 4,
FIRTORYLTIEEIZ Pt NEIELTLE DI Z N0 o7=23, 60 CLLEDIREIZ TR AZTT
5L Rh OHLZEINTESD Z ALY (Fig. 1b,c). ABFZETHIE L7- Rh [BIRIEDA A4
BRI, BRa BRI E F D BB ELPE A MRBER ARSI A © D Rh BRI EER % 52
i U7z, 155372 Rh i) 2 G I IR S8, HEA T I TIFHEE S L0 BiLA4TH
Z & C, Rh AR 96%, Rh MiEE 99. 4% %@k L7z (Fig. 2), Rh L —#%H 722 [alINE CrEasiR [a)x
TET, T NI EIZERFE L7z Rh BIE & BIRUECEINE O i TR+H0Th - 7228, ABFET
BA%E L7= Rh BRI IR HE 72 fLAR O & B TR D> O i IR B v o i B ER C Rh & [B 42 Z & A%
T, MOTEREREN ERHLMNERoT,



a) 100 ;---x—--x._x b) 100 ———x—— % )
a0l 25°C 80 : 25°C ~©-Pd
£ ors | E | o | E
5 60 L -O-Pt 5 60 X S 5
3 % Rh = K i =
,% 40 b : § 40 -‘-'6 M HCl ‘ . §
& Melamine/Rh = 30 mol/mol T ;/ Shaking tme =15 min | o
201 Shaking time=3 h 20 B 0
! @.a
) S S L A ol s L . .
0 2 4 6 8 10 0 5 10 15 20 25
HCI concentration [%] Melamine/Rh [mol/mol]
Fig. 1 (a)@RIRENA 5 mM @i’ﬁﬁﬁ?ﬁfﬁiﬁ)E@/ﬁEEL{Rﬁ%ﬁ

TREEDE 50 mM DIHEEEVRIR D D 42 g BN GRER |2

DR D 588

/\' Z 7

BIF50) AT I RINEDEZE,

- HETE(Q2E#EDIEY)
6 M HCIiZilt Melaminei®il 38

100

— — —
6 M HCI

I Melamine/Rh = 10 mol/mol
Shaking time = 15 min - -Pd

-0-pPt

-3 -Rh

ey

20+

40 50 60 70 80

Temperature [°C]

920
11 % BRI D B

= j‘ZE

(c) AL

0 L
20 30

————T

NHZ wES
Melamlne 60 °C
15 min

=R EER

Melamine/Rh = 40 mol/mol

BE{EEIR

SEEAR

L et ot R

EmaT (EURIRER)

MEBAULTE#E #RES 60 °C
15 min
Melamine/Rh = 40 mol/mol

SR
EHER  (F5RTIEE)

=HREER(8 M HCI) EUR T2k BRIER

Metals Con(c;;}f;ticn Con(c;g:[:;tion Recovery (%) Con(c;g;[a;tion Recovery (%)
Pd 3807 358 9.4 33 <0.1
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Rh purity 64 % 99.4 %
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Ce 70997 0.1 <0.1 <0.1 < 0.1
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