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g/(mg'min). /A 2.4 mol/L &) & REL T ¥ HRA4aM8 F 69487800, RABLE A 83%.
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Adsorption of Low Concentration Platinum from Chloride Leaching Solution
with 201x7 Ion-exchange Resin

ZHAO Depeng, YANG Ruisi, ZOU Angin, WANG Shixiong, GUO Hong, YANG Xiangjun*
(School of Chemical Science and Technology, Yunnan University, Kunming 650091, China)

Abstract: The adsorption behaviors of PtClg>” from chloride leaching solutions with 201x7 jon-exchange
resin were investigated. The influences of various factors on the adsorption of PtClg” were studied,
including resin dosage, contact time, initial pH of the solution, reaction temperature and solution flow rate.
The results showed that maximum adsorption capacity was 190.0 mg Pt /g resin at pH 1.0. The adsorption
of PtClg”~ on 201x7 resin fitted the Langmuir isotherm better than the Freundlich isotherm. The
thermodynamic parameters of AS and AH were 0.190 kJ/(mol-K) and 36.72 kJ/mol, respectively. It
indicated that this adsorption process was endothermic in nature. The kinetic data of adsorption fitted well
to the pseudo-second-order model, and the kinetic parameters k, was 1.58x10™* g/(mg-min). The Pt loaded
on the resin could be effectively eluted with 2.4 mol/L perchloric acid solution, and the elution percentage
was 83%.
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1.1 SERMP Rl R A28
1.1.1 k7]

201x7 i HH R B A0 OB A BR A A 42
fit. (RIS 5% HCLIB ORI AE 8 h, 2%
BFKEEEF )G, B 2% NaOH &R 8 h,
a2 BT REE R .

& F N ERRIZ AL B (1) 8 &AL E T, pH
5 0.23, W 1 fs: WEN 1.0 g/L BIEHARE
W =AIR, b

K1 FHEANBAR
Tab.1 Typical composition of the chloride leaching solution
% Pt Pd Fe Cu Ni Co
& /(mg/L) 45 62 146 23 1.6 03

1.1.2 13
HEFFEI(FE20 ZOKSHIR L 1T [H4E CHA-S %
TRVAEIR 2% H AL 22000 JE TR 66 (K
TERUA LD AR AR ZNEA 10 mm,
N 1.0 m BEFEAE .
1.2 SERHE
1.2.1 A B S
W — s EAEEL ) 201 %7 Mg 5 — E AR
AW T PR — e i s, R IRscor
TG BE I R MR AR B AR P
023 T AR B0 K AP R E A 3

k=G GV (1)
m
E%:E%;%xum% (2)

L Co—VEl T &R S FRERLBIKRE, mg/L; C.
—IEW TSR S T PR, mg/Ls VIR
AR, mL; m— WM EE, g.
1.2.2 B bt seis
FREL 1.0 g AR 201x7 BHAERE T @10 mm
B B (B2 A ), T 100 mg/L FETIA T LA 2.0
mL/min FEEFE, & 100 mL W — I R T
Yoy eI BT R SRR P ) o
1.2.3 AR A LE
KRBT, FH 2.4 mol/L & SRR VA i e i
BHARAE AR, S IR o e BE T e e i
WA &R,

2 FREWHR

2.1 FARM
2.1.1 201x7 W JIg FH &0 41 o 22 (1) 2 e

53 BIAREUAS A R ) 2017 AR 2545 100 mL
THFHCRHETE IR 8 h G, AT 4
PR E, B 1At 7T R R .
HE 1 oTCUE S BEERAE SR, 3
B2 I, MW RERIAE] 0.5 g B, H1RI R B 2R D
AIIE 2] 96%, (H AR FHEM 0.5 g H9 N4 1.0 g I,
IR 2 (B3 N o BRI, 7 i SR SR s B
fEE S EABATZ LA 1 g 200 mL.



5% 2 3]

ATEMGAE: 201 X7 B SS5E Haf JiE oF AR B2 B FO PR B 178 e 45

100

95

90 -

85|

E %

80t

751

70 . . . . .
0.0 0.2 0.4 0.6 0.8 1.0

wig

B 1 201x7 B A EXT TR MR R
Fig.1 Effect of 201x7 resin quantity on the adsorption of Pt
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Fig.2 Effect of reaction time on the adsorption of Pt
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(RGN, R B 2R 2R AT A o 2 o [k )
12 h B, P3G R -5 0V R B At (8], 4 i 5
B B TP, R 97.55% LA AEA AT gl iR
W B
2.1.3 pH B XS EA1R B 26 1 52 )

43 BIFKEL 0.5 g MR 100 mL &AL,
AT pH {EAE 1.0~4.0 N2, H%52
pH E AL B R sem, 4550 3 frs. B3
ATCUE Y, pH BN 1.0 BB HE KB R IR B3 e K
L3 98%, BEE pH ELIIEIT, BT E IR B
WS BRI . FRRRIER S 201x7 [J3 53158 A g i
BHARIPLERA O, B pH BRI, [PtCl] FaE
PERRARDY, B T8 Bz, DRIk ot 1 A PR

RIFK. (EMEIFATLLEH, 2 pH N 0.5 B, #
REXHEA RO B 2 TR A B, LR R AT RE A H T A
BT 5 [PClo ) M B35 4 W PR L
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Fig.3 Effect of pH on the adsorption of Pt

2.1.4 HCIO, Fe A i = 0

Mg B, ClO B 7 AT 5 BB T IR Y
[PtCl ] B T AL A WS i, IR T AT il HC1O, YA %
B 2017 AR ATV . Bl 4 251 T HCIO, ¥ B
X RPN e 1) s

100
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70! / T

goL = Reaction time =12 h
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Fig.4 Effect of HC1O, concentration on the elution of Pt

MWK 4 FTLAE Y, HCIO, K EAE 1.0~6.0 mol/L
TG A, ARSI ZEBE S HC10, W) 135 KM 1
e 24 HCIO, RN 3.0 mol/L A W it 2 ik 3
K, 85%HIB AT B 24 HClO, WEERT 3.0
mol/L &, HIM¥El R RMA T, &858,
RPN HC1O, IR IEA 2.4 mol/L BNAHE,
Pt BB E AT A 2] 83%.

Bl S 25t T BB [R] 6 EH e B 2R [ 2
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Fig.5 Effect of reaction time on the elution of Pt
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2.2 BhARH
2.2.1 JREESTEIR B 2R R
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Fig.6 Effect of flow rate on the adsorption of Pt

MK 6 FTUUE H, BEE I HREE I, 201x7
Y 5 A2 4R JIE X B PRI R B 28 A B R B o H 23R
£ 0.5 ~ 4.0 mL/min B, Jisoet 800 b2 g2 iR N,
W Bt Z 3 KT 99%, B A AR il I AE 4.0
mL/min L FHECNAIE.
2.2.2 201x7 AR BRI B 75 B 10 5

FREX 2.0 g 201x7 P& FAC M iR T 10 mm
FI B FAE R, K SR A 2.0 mL/min f80E

¥, & 100 mL YEE—R, T AR IR
Frigas Rkl 7 sk a fros. ATLLEH, BT
PEFRILF] 3500 mL, %5 £ B R B 2RATH IR K T
95%, VLI BEXT A TR S sh &R 2R . B+
LR EA S ARG, A S H A R I 3
25 &, RIEFRATE ] 200 mg/L i 2EEbRHETS
WHEAT T AR SREs, g5l 7 2k b s, W]
LR, Mt s A AL ) 2000 mL B, B ARXE
BRI R PR 32.5%,  JHLE W A bW B 0 41
O 169 mg/g (Pt/ g TR R), w51 2017 F i %T
MAAR RS E.
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Fig.7 Effect of volumes on the adsorption of Pt

2.3 201x7 AR B4R RSN F1 E R A1 2 04T
2.3.1 SR i £&

Langmuir f1 Freundlich % WY BB Y 2 & UL I
W B 25 R A RO L angmuir A58 005 FE 3R(3)
Freundich #8401 75 F2 X (4) Frw :

C_C ., 1 3)
0. 0, 0.K
1g;=%gcﬁ4gg (4)

X C N PEIRE, mg/L; Q. W4 5 34 i
I &, me/gs Om NTEE ST IR MR &,
mg/g; K N Langmuir S5 7 FEH £, AEERM TR
FEXS R B BE /1, L/mgs; n. Ky Freundich %%, n
BB B SR EE ) R, K ABEARII 1 IR B PR 128

515K 0.05 g 201x7 B & T 22 i g5 50 mL
IR Y SE[PLCL VT 25 CHR M 3 h J
D A B~ B, VSRR AR B~ B B Qe
T3) (40 8 i B T B IR B~ B s g AT 10 &
S5 8, AR SO OC RT3 2,
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Fig.8 Langmuir (a) and Freundlich(b) isotherm adsorption curves of Pt at 25°C

£2 201x7 BESHR AR Langmuir & Freundich 2538 52 &S BRI X A HE5TC)

Tab.2 Langmuir and Freundich isotherm constants and correlation coefficient for adsorption of Pt on 201x7 resin at 25°C

Langmuir model

Freundich model

Ow/(mg/g) Ki/(L/mg) R

Ky/(mg/g) n R’

235.294 0.728988 0.99855

80.5137 29172 0.93727

%% 2 A W,, Freundlich Z5i5 W B AR ALY FLE IF
AN, B K R BT /N T Langmuir $517,
WA 2017 B 122 3t g x40 (0 W B I - B 401
JER B, R AR IS AE Langmuir W55 FE, H
TS B SE On A1 Ky AT {5 ERCR, R Pt
B PRER P 8 T O B
2.3.2 201x7 BRI & T2 3 MV Bt 50 71 %

HERRARAL 201x7 B ES T A2 fig 0.02 g T 200
mL #EIEF, M 100 mL 3#KFEHN 500 mg/L (1)
[PtCL] VA, i N IR SR, 7] B — 5 i AT BURE
ST, TERIERRINE O B9 4 H TR A
XoF 2017 B 522 458 H R B P s i 28

200 +

0 100 200 300 400 500 600 700 800
t /min

B9 201X 7RA B T3 AR B 6 A T =R oy 4%
Fig.9 Adsorption rate curve of Pt on 201 X7 resin

M9 AT LUE L Bl A8 TG 5 B T ek (1)
IAEH, FH AW PR B I, R P 360 min J,
RO al i SR e T g = e B
190 mg Pt/ g T-# i .

— BT, AT LAIE FH e — 2R N Bl ) AR R
(X 3)EGHE U BiBh IR (G )X EHTE 201%7
A5 b AR B 2h Fy AT e

HE— 2R Bl ) A

In(1-Q,/0,) =kt 5)
HE 5y )R

A SPU (6)

00"

A b ARE—ZORFEE, Vming k NREZZ0R
R, g/(mg'min); O N ¢ FEZIMRINE, mg/g:
Q. NV &, mg/g.

ARG M6 il FdE 247 17 HA, FHKR
TR 3, WEHZ LA 10.

®3 B5CTHARMGERERRMRXAL
Tab.3 Adsorption kinetic parameters for adsorption of Pt
on 201x7 resin
k; /(1/min) R?
0.94707 0.93462

k, /(g/mg-min) R
1.58x10* 0.97251
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Fig.10 Pseudo-first-order (a) and pseudo-second-order (b) adsorption kinetics fitting for adsorption of Pt on 201x7 resin

H ] 10 FI5R 3 ATLLE H, 201x7 B ES T 28 #e bt
B B A B0 0 2 R SR S R BB ) A
R, BN k=1.58X 10" g/(mg-min).
2.3.3 IRBEXT 2017 #4 RSB Pt g2 T 2

e

TERAFREL 6 17 201x7 ¥ 2522 4% g In A\ 2] 50
mL W E N 500 mg/L MIHIE R S, B E
298.15~333.15 K fI2k1F T k% 6 h J5, & A Al
FE TR PATIR SO i R [ 20 i R 2K Koo
P REWR B B FOAR IS AE AH R R AE AS AT H
Van't Hoff J5 R a(7)THE>"0), I8 T 10 3 A
HH AT AG P Q)T .

 AH AS ’
ek, ==5303RT * 2303k M

AG=AH —TAS (3

AP R AFMESAEE, 8.314 J/(mol-K); T A
f£, Ko A lgKp X UT AR, 25 R W 11 . it

R4 201X7 ABETREMERM BN R IESH

G A R BT A R RS B SR LA, ARFERER
AR AR AR LA S(8) FT T 5545 2017 [ B 1 A2 it
HEWR TR A1 22 28, 9ITR 4.

42+ m

41t

y=-1917 6471x+9 9248
R*=0.98613

40f

39+
_2038—
370
36+
351

! 000301 000308 000315 0.00322 0.00529 0.00336
UT /(1/K)
B 11 BEExT Pt R B4 BT LRI M
Fig.11 Effect of reaction temperature on the

distribution of Pt

Tab.4 Thermodynamic parameters for adsorption of Pt on 201x7 resin

AH AS AG /(kJ/mol)
/(kJ/mol) /(kJ/mol-K) T7=298.15K  T=303.15K  T=308.15K T=313.15K T=323.15K T=333.15K
36.72 0.190 -19.94 -20.89 -21.84 -22.79 -24.69 -26.59
& 4 T LLEH, 201x7 BB 38 Bt IS bt

YIRS ASE AH M 36.72 ki/mol, 125 NI, % 3 ik

P RS PR 1 R IR AR N, & ST R
FIFHRIR . S IRE R R A6 E thae R {E S
NUE, B6AIE T 2017 BB 758 Heb SR BT PtCle™
(3 R R AT

(1) SREEME 201x7 B T2 He b HE X 4 F 1 &
IR R PR IR FE A0 B A R OB e, RS
G B 25 AT IAH] 190 mg PY g T g, A%
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T, WHIEALE 0.5~4.0 mL/min 6 I, AR KA R
By R ATIA R 99% LA b, Bl A AR B 25 A A 3
169 mg Pt /g T-HAF. FH 2.4 mol/L i & IR ALK A
TG b 83%HIEHYEN T K.

(2) 201x7 % JIg W B [PtCl” 3 72 75 &
Langmuir 5 145, HW M FEE 8805 = 10 E
W . BN SIS TR B, [PECle]™ AN B 3ot At v
P =205 12 D7 R R

(3) 201x7 BHES T 42 e R R B [PCle)™ B
IR WA R, 38 8 e A R R B e e
1T+ 1E25°CHY, Wit A2 28 AH=36.72 kJ/mol,
17 AS=0.190 kJ/mol-K, AG=-19.94 kJ/mol.
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