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Wb RE IR PRI L A IR B R 7 A
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i T O o TE AR A 2R 1 R R T R
W B SAC 2R IR SRS T, R e E R
WO ARSI & R S SR 1 4 B, T AR IR S 1
S 28 b i 3R [ WS Bt 3ok R G PR o AR SCAE S
=AM S300 BB As e iR AL |, ARG
FHAT SAC B HIE T PA* IR I ERE . £85I
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1.1 FEERRIEE

S300 BB AE, HHSCIG = HI&E R, FEEGEE
NREE(—C—S—C—)%H], EASHUWTER 1 Bt
F; ERER(OATal). FAbE(r el EAB (I
gy, SALBOIHTal). SRR (5 HT el S LT
[ 25 4L A 2R PR A R S (2 > 98%)-
FUHPR (2L E >99%) %5 ) 3T Adamas A F] . FEix

&1 25 °CTF S300 WA SE
Table 1 Basic parameters of S300 resin at 25 ‘C

SNSRI AR OO ), -1 R
38497 L9 B B T BT IR A 7 A7)

1.2 AikHlE

S300 4 i 149 B 2% A4 S 56 R FH B — TC 1 VA A5
W EEVE R FH92br SAC B HWR, ASZIRTR ok
ROHEAG TR E [ py SEVR R R 4l . B
ZRiAE 500 mm J5 5 EHER(TE 5 HON 35%~37%)F
1% EOR) H0, (FLESHCH 30%)IR A
7E 65 CRHHE I 3 h, g B . TR
HR pH=1, Wikt 5 f5Ja4&H, RS R 2
Fr%i

w2 OMRE 5 IR R AL R B R 2y
Table 2 Concentrations of metal ions in leached liquors of

automotive catalysts after dilution by a factor of 5 (mg/L)

pd* pe** Rh** ce* Ba>

2229 102.5 65.4 774.3 523.5
A" La** \a 7t
557 15.1 5.4 46.6

Ap pa_rent Granularity/ Specific Aperture/ Porosity/

density/ surface area/ am o

(gmL™) (m*g ") ’
2.57 6 0.037 1.9 39

1.3 S300 HIPETALIE

- E AR S300 MARE T LB F KR
24 h )5, FRORBEETHM NaCl i HiRIE 24 h,
138 5K S300 W AR IR VL TE S 56 BT 75 pH B I SRRV
IR 24 h, f S300 BEARTE /AT, BEIE R
RMAF LA, &

1.4 S300 Wt ASIR B K RIR Pa**

I E AR R S 1 S300 AR, FESKEG
HENESE, pH EA&AM FIA—ERER P Fx
HEV A, UM+ T B ASEY 120 min 224 .
ik 2> BB S B S300 #HAS, K F ICPS 58 e
) P> B TR R (mL)S300 M (RS
W% b B g(mg)Fl P> T 2% E.

= ﬂ X —
Q—[%j (Po = Pe) (D
Ezwxloo% )
Po

b vy A PATFRUEIETRARFA(L) s Vo AT S300
RS AR (ML) py N PA™ IR AR 4G R R IR
(mg/L), p, A FHEI IR K PA™ 5 Bk (mg/L).
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RS S300 B ARXTSERR SAC =2 HH 1)
P> (I B IR B AR, LRy N 2 19 SAC 12
HR(pH=1 [ERIR 1R R)H NN — 2 & S300 M JiE,
FRASIR B 120 min AP, SR ICP AR B 4=
T A B TR B o AR 20 B R 2 Dy FIWT S300 A4
XA SAC 32 HA R 45 25 T TR B S R 12

Dy =2 (3)
Pe

Rofts g AT T B AL S300 B 10

F R (mg).

fif W sk F2 R A R Y Imol/L NHy H,O 5
Imol/L NH4Cl IR A I AE NG, MU HE T &5
AR 30 min P47, T RS AR S300 B i P>
JELBt 2 B

B=—"  100% (4)
(pO _pe)

R p NIEFFE S BR H PA® IR (mg/L).

1.5 SR 53R

AR TAEA, WP AR B TR i I H A B
A A ] ICPS-7510 Plus 2 FREHE & 55 55 T4 S 1 &
S TEASCI 5 5 S300 4 W B T i 25 T 1 oG 25 2H ik
N AT a5k ik 2EER A & Thermo Fisher Nexsa Yt
L BT 0 AT CFH H AR 1578 A ®] UV3600 12140y
FEATEAI E -

2 ZER5TE

2.1 REMEN

T BT S S300 #4 I RO B PA* Y
FIELA LK 1 RN pH=1 K31 & rh 4G P>
W 200 mg/L B AL AR S300 A4 XA
PA WP AT B g SIREZ MK R . WK1 AT
DA tH 5 S300 A i 1 B A7 A B R B o o i P58 A
WK, FEARLEFAE 12 mg KA. XEH S300 kit
R BRI A, LR B RE R BN E,
A B PR P U R A AT P ) P> R B L B 4
I B R . IR BEIR R 40 CJa, S300 4 5 -1
W B IS B, IR R TR B R A B R
T EAR T S AT, 115 S300 # g 1)-F
T Bt = g BB BN .
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Fig. 1 Effect of temperature on equilibrium absorption

capacity of S300

2.2 HCLREREND

[H 5 AR 2R PP IR N 200 mg/L . TR N
25 CHf, FHEEWAR R HCL K (0.1~3 mol/L)%}
S300 A V- W P = ) 52 o [ 2() BT ATEAN )
HC1 S5 1k R 5 S AR S300 B i T B & g
5% 5 L 2(2) 7T DA Y, BEE AR & ) HCI
W BERIANWTEG N, S300 B4 IR (11~ W B = 2 3 b7
st MR R T HCLIREEIEE] 1 mol/L I &
Tt e BE HCIREMREE N, S300 AR
ST B B T B

2(b)FR AEEIR A R PAT SR CIIR
FEH 7 R R K, 1E CUMREEAE 0.1~1 mol/L Z A,
W PA L LL[PACL] M[PACL] 48 A5 110
FERAEAE . BEBVEWT CIWRE AW, it
[PACL] 4H 2/ . BFFLE], [PACL] 9 F T
TETT TS5 R, AR Hh s T B A 1 2 [ 25 5 5 o
7 1) AR 78 3 1 FL T B R 2R e iU B,
MR R CUIKELE 0.1~1 mol/L i, [k &R
W HCI WREERISE N, S300 P I iz L.
MIEF] 1 mol/L i, kR T P CE ik
[PACL T 48 & 81, S300 A4 A T Wi Bt iz it
ToPRR . 4¥ETAR R HCLIKREE R T 1 mol/L B, &
WA CI5[PACL) 4% & B T IR SE St o5 3
T4 S300 A4 AR IR AL AT, IX & S300 A4 EF
TR B AR BRI S5 A
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Fig. 2  Effect of hydrochloric acid concentration on

equilibrium absorption capacity of S300(a) and speciation

diagrams for palladium in hydrochloric acid solutions(b)

2.3 IRHMIETEIAYS MM

S 467 W A T 2 VP A 6 I VR 280 26 ) B
K% . B3 B NiREEN 25 C. ISR E
9°0.1 mol/L. PA* WIUEIKIE A 400 mg/L %14 T Il
WA 4 mL PR ER J5 /9 S300 A AR, & A I Bt
60 min o A% )RR EURE , 0 73 2108 B B 1 5 B psr
PRFUR IR P & g RV R E 2 (R 96 R . MRFERE 3
A DA H 5 B R R 2 I 2 e o i T £ S K 1 A
BRI AR 30 min J5, AR R E
BT Rae, EEPEDRAS, RHRIEE] 99% L
t.

GERFH, (EiZMET S300 g FA v
PA> 3k P I BT % B IAME 294 30 min, X%
S300 4 flig szhr v i A2 00 2 50 2 A BN S

B AN, FEFRSIR ISR S300 R AERE
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Fig. 3 Effect of sorption time on equilibrium absorption

capacity and sorption rate of S300 at 25 C
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NT 82 S300 AR VA R Pd e R R
PR A2 O S IR, 75 B T B ) AR Y
o S 2 FHAT G 0 AT, 1 — 3N ) A AR
TRB) )RR R A2 T AR R I
FE AN BRI AR P PR R v — i sh Jy 2 T R ik
R/

d
E%=kdqe—QJ (5)

HE— 25N )12 T RE R I ARk N
In(g, —g,)=Inq, —kt (6)
e s 15 R TR RIE N :

dg 2
A _k - 7
a4 24 —4,) (7)

HE = RN 1T R A SRR
t ot 1

Lot ®)
q: 4. kzqs

e g AR ¢ B ZIE S300 A% IR Hh s I B ==
(mg); ky NWE—REN )1 HE B (min )k NHE 2R
B 1% % ¥ (g/(mL-min)); ¢ AW IS A (min).

K 4 iR NI B 25 °C, WILRIREE N 400
mg/L 564, I #E— 3 1 7 R — 4230 7
SJTRERT S300 AR BA T P> BRI A 45
Ro k3 Y, RN IR S RS
SERERASE R B R 425N 0.97736 F10.99965, %
W S300 A4 AR PA™ I R S5 HE g 5h Sy R
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A U WA o AR X Bl F7 AR A R A 2 SR
ST B i AL AR R 0 PATTRIN R g N
6.808 mg/mL 1 10.244 mg/mL. £55%0, 2%
B 1R 2 A 45 RE AR B AR R
TR B B g 5 SRER M S1E 9.825 mg/mL B .
DR, HE a3 )RR IS TR S300 A4 )l
W B R PP R R o XA H T v B Sy
TSR 7E [ FH IR P 75 =t (1 R Atk B HE SR 200, BUNIE
A TARAEMAIGT S S300 B AR AW BT S . #E—
BN 55 TR AR B R PR 3k 2 R 551 2 T R B o

3

a
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Fig4  Pseudo first-order(a) and pseudo second-order
fitting plot(b) for palladium ion sorption on S300
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Table 3

constants and R” values for sorption of palladium onto S300

Pseudo first-order and pseudo second-order

Pseudo second-order

Wooooa e K
min"'  (mgmL™) min"'  (mgmL™")

—0.14509  6.808  0.97736 0.04701 10.244 0.99965

Pseudo first-order

R2

A PR 2 R B E RO E . IR IR A
AN AL AP ], KA S PR e I B 7
W A Jo - i) 10 F S P B T e A2

2.5 IRMIERLZ

MR 250 28 A 4 I v Y P T P IR FE T
S300 W iEIK I FE (I semm, Bl S Bl 25 CHY,
VEVRRIEE PA* R (0~1000 mg/L) 5 By fA AR i
ST P e IR R & 45 SRR B, WA VR ETE 0~800
mg/L I, Bl 5 HIAE R L (R AN RS 0, 480 P 467 R R
AW BT, B ARARR R T B 5 ] A R R
RELVER R RAMERIBMA S 72, fefs
SEA VA I PA™ . 4V R T AR VR P I B
800 mg/L Ji5 , ~F 1l bt BB i T A€ - LT, S300
WY R T VR RS et B O R EA Y, A 2
I B R FTIRES .

20

-
L

0 200 400 600 800 1000
po/(mg-L™")

5 WIHh PATURIE X S300 4TI B R ) S e
Fig. §
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Effect of initial concentration on initial Pd*

concentration
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an
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1
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Fig.6  Langmuir isotherm model(a) and Freundlich
isotherm model(b) fitting plot

<4 Langmuir #2455 Freundlich #2440 & S5

Table 4 Fitting parameters of Langmuir and Freundlich

model
Langmuir model Freundlich model
K/ Grmar! > Ky/ 2
(Lmg?) (mgmL’) mgmey Y F
0.3272 16.149  0.99908  11.4956 5.7208 0.99497

TR Langmuir 5545 8 A1 Freundlich 55 5 401
EAHIRRE 1N 0.99908 F110.99497, 3 B HL A B
RS PR A G 3 BT o« Freundlich 55 i AR Y
se—ANEIBAY, HAH SRR £ n RS AR
BEATHIME L, Zad A 45 Rt HAR B AR KR,
TIEH 5 n 2y 5.7208, &5 S300 B AL B b Pd™
WA 5 HEAT o AHE T Freundlich %5 Jif 17
Langmuir 55 A8 G085 (A IR IR B M e, AR AR
PG 45 R v EAS BB IS B K B Gnax Y 16.149
mg/mL, 55250 SEFR e R E 16.387 mg/mL AHAF
o W] S300 HAR XTI P IR B
125 Langmuir SEIRA 5 Z MR — 3. X2
- S300 M fig H () Si0, FAR B A BN LR AR,
PR IR B Re AR R T, Wb s RAEH
RIS WS R EVIIRIKREE 5
TG NN T 0~1 208, PR, WRH RS Re g (et
W B A R 34T

2.6 REXRMEBUFIREES Pd AL MR

=] A

KB INER 1 R R B FNR B
S300 BRI FE PA> i AT 2 B T A T
7E pH=1 [FEh Rk & Hp SR 2k A A AR R
H S300 A ER AT 120 min J5 % 570 ld R 3L
Dy HIE 7 ATRAE N, S300 W5 EAT LT 1 Pd™
W, PAT A ELARECN 68.65. 1%t R, PEY,
Ce™. Ba" 5B T HA I ABIINT 1, JUTFARI
kPt IR RAUE, FIH S300 MAETE R
P BRI S A R B R 1A A 75032 3 £ P Ry T
T,

FEMR VRN S300 M R P> Ik FE 1 2 22
FebR, SLIRHEEET S300 WARMEGLRE, H Ak
B S300 W5 E T 25 ‘C. pH=1 KIEhE 1A & Pd™
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W R 2=, IR TS I 100 mL
1 mol/L ) NH;-H,0 A1 1 mol/L NH,CI J& & fi# " 571]
Hr, FEASEEMNL 30 min. 7E 25 C N 3 min J5, M
g PA* [RARRIER] 98.79%. SEELE REW,
S300 ¥ 5 7E 1 mol/L 1) NH3-H,O A1 1 mol/L NH,Cl
TR A B B A B R R

_ Pd” 68.64

Dy

7 S300 BHELERA. SAC & Bk T B T4 il 2 %k
Fig. 7

present in spent automobile catalyst dissolver solution

Distribution coefficient of different elements

elements

3 IRPHHLIE S Hh

Kl 8 FizA 8300 FEAEI Y PA> Rif J AT
A . 3430 em ! AR AP IS A K B —OH 43R
2, 1629 cm™' LMW IIEN C—=C KSR
2, 1097 em ' b BRI Y4 & —Si—O0—Si— Al
—C—S—C—RF1iF 5 B (1 s 5 B Al 45 4 2 BT 7= A2
f81,799 cm™' 470 cm™" 4k I U4y S300 B fli Si0,
Hefhrh Si—O X FRIPZEIREIE, 689 cm ' 5L
Wiy S—C FRIEM4RIRANIE. BEFRE, BRfkst
H v b 7 B A 7, T RS R i pd™
T RRC 7 1T 3 B 7 10 6 B4 1) P 5 10 A
¥, MIMHIEE T S—C, {13 vs—c MIFEMIT M
gh, i RS S300 A% iR A LT i AT
DAt TR BRI i 5 WSO UG 1 B8 5 R A 5 A
T HIC BT I, 2 AR I v R Bt R B AR e
o BTV R AU B 5 PO THD PR 25 A T
SRS T I TH AT B, PR B I AS e T DA PR A A

3500 3000 2500 2000 1500 1000 500
Wavenumber/cm™!

8  S300 HARMSBIT AT HRB S AN JS I Z0 AN

Fig. 8 FT-IR spectra for S300 before(a) and after(b)

sorption and after elution(c) of Pd(1I)

REIE HBE, F, S300 B g0 M2 o] B & R
B RE ] ABS 14 A i AR Pd> s &4
BEAT IS,

9 Bz Ay 8300 4 A BT PA” i 5 (1) XPS ¥
Bl LL# I 9(a)H S300 A4 iR B AT S ¥ XPS Ak
EIRTLAE H, AT E# A E 8 0. C. Sy Si
EI0ER, WG S300 MREHTE 337.36 eV Kb
3| Pd [ARTHIIE, JEAE 198.42 eV AMIINE] C1 1)
5T, TR B AT A AR S PEE 1 S300 # AR
SRR R Pd 5 CLIATEIE, XU Cl &5
S300 B I AR B R o B 9(b)All(c) 2 4 HY T S300
WERETL B PA* f5 (¥ Pd A1 C1 () XPS #% K. &l 9(b)
Hi) Pd 3d W22 i#EN Pd 3dsp(342.2 eV)HRI Pd 3ds)
(337.0 eV) 2 Moy, KB S300 A5 I AL M IE
e B9 Cl 2p TSN 197.6 eV H
199.1 eV [¥12 &, 405 N[PACL])> A1 HCL H (1)
EDTi

o(dyz i T IR PR ¥ S300 MR S 2p
(1 XPS #&, H S 2p TSI RN 2 DN or
Iy HITE 163.8 eV A1 163.1 eV AW 2L F S—S Al S—C
B, XAEW S IR E S P RARNL, S4s
St 5P, gz ERGn, P [PACL) A
W TR A CL 5540 16 B B T i
FHERMFEZE R, R FRARIE S
[PACL > S RE SR T CUHY, R A —B 11
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(a) Ols (b) Pd 3d
Before sorption c1s Si2p

A A
Ols
Ols 1%
After elution Cc1s Si2p
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(c) Cl2p (d) S 2p

202 201 200 199 198 197 196

Binding energy/eV

168 167 166 165 164 163 162 161 160
Binding energy/eV
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Fig. 9 Wide XPS spectra for S300 before and after sorption and after elution of Pd( Il )(a) and XPS spectra of S300 S 2p(b),

Cl1 2p(c) and Pd 3d(d) after sorption of Pd(1I)

PR A B T Ae e N . WV R AR LA[PACL,)*
I B 7E S300 4 fiE .

4 Z5ig

1) FERTEMIREIEEIA, S300 4 la#R R A
Bl PA” PR s AR T BRRR I O T R R
RR33E S300 W15 (P-4 W b & )34 m, 15 LR B IS
23 5 [PACL) T 5 4 W S 36 11 27 T B e
B s TESCIRZAPE T, S300 A il i 21 W5 Bt~ 16 i i)
2179 30 min, P> FHIR TR 99%.

2) PA** [ B 50 ) 2 R A e sl ) A
A, TR AR A AT A Langmuir 158, S300 44
PR Bt PA* SRR A B2 R B ES, VAT R R
[ PA” WS 22 MBS RS AR B )1, W R IR

WA A R PR R, MR R B, L1
mol/L 1] NH3-H,O A1 1 mol/L NH,CI J& & V& firtW
3 min fRRFIEE] 98.79%, MEREE, BARGMN
INAERi B

3) WERALLE RTTLUEH, Wl Pd* Ll
[PACL* &8 T RIS S300 Mg B/ ClkAd
BT, [PACL) 4A B 5 S300 H IS 1H 5 g
RIS, {15 PA*7E S300 WG 2 M55 & 45
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Selective recovery of Pd(II) from leach liquors of
spent automobile catalyst by S300

XIONG Yan-hang, HOU Xue, CHENG Xian-kun, XU Liang, ZHANG Fu-yuan, TIAN Yong-pan, ZHAO Zhuo

(School of Metallurgical Engineering, Anhui University of Technology, Anhui 243000, China)

Abstract: A novel functional ion exchange resin, S300, was synthesized under laboratory conditions. The
adsorption process of Pd(Il) from the leaching solution of spent automobile catalyst was investigated. Batch
adsorption experiments were carried out to understand the effects of temperature, HCI concentration in the solution,
and reaction time on the adsorption behavior of palladium. In addition, the kinetic characteristics, exchange
isotherm, and selectivity towards Pd(1l) in the complex system of the adsorption process were investigated. XPS
analysis was applied to study the adsorption mechanism in detail. The results show that temperature has little effect
on the adsorption process. The equilibrium capacity of the S300 resin increases significantly as the increase of the
concentration of HC] within the range of 0—1 mol/L. The equilibrium adsorption time is about 30 min. The kinetic
analysis indicate that the pseudo-second-order kinetic model and the Langmuir isotherm model shows the best
agreement with the experimental data. The distribution ratio of Pd(1l) is 68.66, showing very high selectivity of
the S300 resin towards palladium. In the static desorption process, the desorption rate of Pd*" reaches 98.79% after
3 min desorption. Furthermore, characterization results show that the adsorption of palladium is proceeded
following the mechanism of ion-dipole action between [PdCl,]*” and the S300 resin.

Key words: palladium;spent automobile catalyst; ion exchange resin; sorption
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