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Microwave-assisted Digestion of Rh from a New Type of Ceramic Catalyst Converter
with Acid Tolerance
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Abstract: Rh is normally difficult to be dissolved by strong acid, such as aqua regia. It’s even harder to
dissolve rhodium totally from the ceramic catalyst converter with acid tolerance. In the present paper, the
microwave-assisted digestion method was introduced to deal with this problem. The digesting conditions
including the acid ratio, temperature and time were tested and optimized in order to enhance the
dissolution. The results showed that both the microwave temperature and time had significant effects on
the rate of Rh dissolution, while the acid ratio exerted only minor effects. The rate of Rh dissolution was
increased at a digesting temperature of 212°C for 60 min by 25%, compared to that achieved by the

conventional methods.
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Tab.1 Corrosive effects of chemical reagents on precious metals

R B A Pt Pd Rh

HCI36% =i TfEH  BfEH EfEH
HC136% & EFS  1EHS  GfEH
HNO; 70% i oAk s 2 TAEH
HNO; 70% i oA HifE TAEH
EAK Eifi gas 2 HifE TAEH
Tk HifE HifE TAEH

RSB = T R BB i 7 ik, TSR
AL SR LT 3RIB B 95% LA b, EXFFASC
JITRIE AR PR TR e P A AR A A 25 T BE PRV H
WK 70%, A SCIE I X i Ak AR BT A 5 v )
IR i A U AN I TR AT R T,
ICP-MS {FNfJa o #TilE, Gzt BRVE AL &%
B R T T 1

1 SEK#E

1.1 {H/EE

ICP-MS(7500a, 3 [ 2 E4R) ;s i 3 I fRAX
(MARS Xpress 8. MARSS Easyprep 1, 3[E CEM
Aw]); HINHAAR(EHASA plus, SEAZRFD; BT
T RF(AND GR-200, /& 0.1 mg); BA/KRS
(Milli-Q Academic %!, ZEHIH /A,
1.2 J5FE

8 A 5 40 8 SRR il oo AR
P4 Pt Pd. Rh. In. Re FRICEFRUENE S IER,
WIEJY 1000 mg/Lo A AR50 % 19%0 HCL H1 5%
(1) HNO 32 24 Wi B 5L 70 AR 1 fifh 2% VG B T & b
R BV 1 mg/L 1) In fl Re (E AN WAR TR .
HCl. HNOs. HF Aftghal, Heikmlysrrat,
SIS KN T 4K

LA 2 NG5 S-17R S-27 37 AL i 55
FRIEALES, YRR HIE ) rPR AR, R8s
SEME N Pt: 0 mg/kg, Pd: 3728 mg/kg, Rh: 246.9
mg/kg, JRTEFER(QCS) NSLH: % — EALF FH b &
EALE R, NEFARERE S, ' 2557, i&)E
SEAE N Pt: 1131 mg/kg, Pd: 233.2 mg/kg, Rh: 135.1
mg/kg.
1.3 SERT7

B MALLALRE T 200 CTRONIEAAET 2 h,
BE R EAR /N T 75 pm BB R . BT, FREX 0.25 ¢

FEATR ARFERLTEONTH AR, I — 52 Ll R
RGBS MEAC T, WO T AR RE P BEAT WM. T
SERE R EIAIHIR T, TAE IO 81
JER, EHURTEATRRE

2 ZR5hR

2.1 XTI
2.1.1 ICP-MS 73 M4t

R 245 TASGHEAT MR B ICP-MS X3
T AT

#2 ICP-MS B TIESH
Tab.2 ICP-MS operating parameters

T H TAESH

RF R T#/W 1380

25 88 TS #/(L/min) 15.00

A E/(L/min) 1.20

B IR E/(L/min) 0.00
it 5 FR 3/ (r/miin) 6

KAEVRFE /mm 7.0
FAE I/ C 2

ZAE Babington % 51k 3%

SRR/ B A Ni, @ (1.0/0.4) mm
KA AEE
HAflir R Bl

L U 3

o 2845 = i e ASADL AR =

EAT= (%) CeO/Ce<1

PyYGEN Ce™/Ce?" <3
"Li>8x10°
RBUE /(s /(mg/L)) ¥y >ox10*

20571>1.2%10*

2.1.2 ICP-MS 73 #r )5t 545 e W AR I+
ﬁt%ﬁﬁ%ﬁfﬂ I%Pt\ l%Pt\ IOSPd ﬂzﬂ 103Rh E(Jz
JEF o0 F AR D, T A & A 3 s 7= AR TR
HEESTH, A P, P, 'PPd. '“Rh £HEH
FERM R TI. e 58 5 kg e Pt 'Pd
PR AT ERR R RS % In /EN Pd A
Rh IR, Re 1EN Pt I F5 .
2.1.3 KR
(1) Mk S AR PR . 75 S S TAE
ZAE T IEbRUE RFVAW, Pty Pd. Rh R i £E
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Pt: y=1.049x107x-2.701x107, R=0.9999, i H
B )9 5.066x10° pg/g:

Pd: y=3.903x10>x+1.186x10°, R=1.0000, #:
HPR Y 2.423%10°° pg/g;

Rh: y=1.869x102x+2.706x107, R=1.0000, #
PR A 1.550%10° pg/g.

(2) JPERH IR E 10 WOPAT 2 FHA TN S,
B, THEI 3 S hadE R, BRURHEIIZERIR, 5

H S TR B R L 3.
R 3 HERHR
Tab.3 The detection limit
TLE Pt Pd Rh
K H PR /(ug/kg) 0.53 2.09 0.33

2.2 JHREFTAHT
22.1 RECELARAL

W2 (A EE S5 1 T AT R B T e 5 D, ik
PRV RO B I 1) 2 FhO7 VAR BRIC LLEAT b, =
BRI EAN HF WE2 A T I0 Rh JuRIEH
T, R INEREN: 4mLHCI. 3 mL HNOs.
3 mL HF; J77iEQ)AMIREN: 6 mL HCL. 4 mL
HNO;. 6 mL HF®, [ Al iR sSzig iy ik, weBom ig
EEH 190°C, WHAERT1AIDY 70 min FEATIHAR, R 4
g5 T AN FIRRIC LU VH iR f5 T ICP-MS e 145 3L

R4 FERELLLHBERER
Tab.4 Effects of the acid ratio on the rate of dissoltion

S-1EHIR /%  S2YEHE/Y%  QCS BHER/%

T
Pt Pd Rh Pt Pd Rh Pt Pd Rh
- 1058 71 - 1244 774 103.6 97.7 96.5
(1) - 1028 654 - 125 68.1 103.7 995 972
- 1054 693 - 1246 695 103.1 97.8 96.7
@ - 104 70 - 124 69.8 1032 97 955
;;ﬁ - - 1.5 - - -3.1 - - 08

HEE 4 ATLUE H, U0 2 & 16 HF XF Rh (0%
HEIFEAIRRTTER, B e R Vs InE 2 7
5T SRS, b HF AR E, LR
222 JHfREEIAL

N T IRAETH RIS T Rh OV SRR, 1)
SETTVEQG)H MR IE N 25 min; T3 (4) W @ 1A A
70 min, ZIIEZE N 4 mL HCl. 3 mL HNO;. 3 mL

HF, EHUHARHERE N 190CHEAT M, RS5HtT
AT VR AR 8] A Je ) ICP-MIS 05 ) 25

R 5 AN[FIH AT RIVE R B4 2R

Tab.5 Effects of digestion time on the rate of dissoltion

S-1EHIR/%  S2MEHE/% QCS HHE/%

T
Pt Pd Rh Pt Pd Rh Pt Pd Rh
- 1067 663 - 131.3 68.6 1003 100.7 96.4
©) - 1074 665 - 1293 655 1003 100.7 96.4
- 1058 76 - 1244 824 103.6 97.7 965
@ - 1028 704 - 125 73.1 103.7 99.5 972
;;ﬂ - - 6.8 - - 10.7 - - 0.5

M S TTCAE H,  ZEA I AR R ()] i B 4 A 2%
o Rh (VA HRIEE 6%~10%, AT RErEEa
SEMA, ] AL A 0 AR (R A RE R 238 0 Rh
v 2
2.2.3 HRIRESRAL

N S T AR X R R HH SR AR B
B 7L S)TH MR E N 190°C s J5ik(6)TH IR E N
200°C, #INEREN 4 mL HCI. 3 mL HNOs. 3 mL
HF, EEEMEEN 70 min AT, £ 6 44
T AR R EETE AR S ICP-MS e 2

R 6 NFIH PR EH RIS R
Tab.6 Effects of digestion temperature on the rate of dissolution

S-1ME IR/ %  S2MEH &% QCS R /Y%

Tk
Pt Pd Rh Pt Pd Rh Pt Pd Rh
- 1054 743 - 1246 745 103.1 97.8 96.7
©) - 104 75 - 124 748 103.2 97 955
- 105 907 - 126.8 90.5 102.8 97 98.1
©) - 1056 908 - 1248 894 103.4 100 100.3
;fg - 16.1 - - 15.3 - - 3.1

MR 6 BT LA H,  $ i Y AR FEE o) i TR (A 2%
tF Rh (97 SRR 15%~16%, 1% T RiErt s
3% 4 1R o T DL NS A PTG N Rh (195 HH 2R
2.3 JERHRERE RS

Ve HE 9 R (AL AL 2% S-17RESL, {3 3% 400
F7:(0.618 V2 BEAT 1 R FE B D 2R ARG 2 BT o JZE IR
fR) LR B 9[190°C, 220°C], i&HX 190. 201. 209
A 220CHX 4 MNMREHATIRE . FERBNKERN 4
mL HCI. 3 mL HNOs. 3 mL HF, 7E&J5E Nk
JHRE 60 min, X 7 45 T EIRIRER) 4 AR T H
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Tab.7 1* optimization tests of the digestion temperature by
using golden cut method

S-17 Rh ¥ 1 #/%

wmAEC
1 2 P
190 67.3 68.1 67.7
201 87.6 87.2 87.4
209 90.2 90.8 90.5
220 88.5 88.6 88.6

7 45032, 209 CHY Rh 19 HFR =T 201°C
i Rh B HE, MR “BFLIR7 JFEN, 29k
BVE[190°C, 201°Cl&5, fEJEM[201°C, 220°C]
WARSHREG . IEHCHHRG SR E N 212°C, H—ik
365U N 209°C, 8 LA H T UIWIER 2 A
B W ARG FH ICP-MS ME g . & 8 45k
B, 212°CHf Rh BV H 2 & T 209°CH Rh f75 H
2, MRYE WA JEN, ZieEE[201°C,
209°C1#85y, FEVEEEI[209°C, 220°CIA4ESHRE

R 8 BB IR IH AR B 45 R
Tab.8 2" optimization tests of the digestion temperature by
using golden cut method

S-1" Rh ¥ 1 #/%

g/ C
1 2 FHIME
209 90.2 90.8 90.5
212 93.1 92.4 92.8

BEBCHTRIG SR T N 216°C, R0 AR
N212°C, F 9 AT =VIRER 2 ANEE T
fift Ji I ICP-MS M 45 5. 38 9 455K, 212°C
I Rh IV 2 KT 216°CHF Rh A H 2. #isE sk
36 () A T AR P N 212°C

R 9 BEUIREHBR RS R
Tab.9 3™ optimization tests of the digestion temperature by
using golden cut method

S-1* Rh A H#/%

pEC
1 2 FHIME
212 93.1 92.4 92.8
216 90.6 89.8 90.2

AR SR FH AR T A T SR BV - L B 1L B
AT T R B AL, 45 R

(1) BUBERAEC b AP0 m A i s B
(I3 23RBS

(2) REBE W st 8] B 25 min 340 E] 70 min,
Al LURAE RO R R 6%~10%, RURAHHE.

(3) PHARLIR I AAR E H 190°C A E 200°C, 1]
PUBEE 7 R 5 15%~16%, A —ERUR.

(4) THRRIERE BRI R SLURER B, o) R S A
B AL A8 I B FE TR Y AR 212°C

E Z PN

(11 ER A BORBEFE e, v [ 385 R 22 B 9% Be
GB18322.5-2013 2 R 4275 Je ) H i BRAE e 875
P E S T BOIS]. Abat: of [0 558} 22 Rkt
2013.
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