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Thermodynamic of adsorption of indium on
strong acidic cationic exchange fiber

LI Ming-yu, ZENG Qing-xuan, LI Jian-bo, FENG Chang-gen

(State Key Laboratory of Explosion and Technology, Beijing Institute of Technology, Beijing 100081, China)

Abstract: Adsorption of In** from aqueous solution by strong acid cationic exchange fiber (SACEF) was studied using
batch experiments. Langmuir, Dubinin-Radushkevich (D-R), Freundlich, Temkin, Redlich-Peterson(R-P)and
Koble-Corrigan (K-C) models were applied to analyze the adsorption equilibrium data of In*" on SACEF obtained with
researching range of concentration at 293—323 K through linear fitting and nonlinear fitting methods. The results show
that, except for Langmuir nonlinear fitting and Dubini-Radushkevieh models, the adsorption equilibrium data can be well
interpreted by both the linear fitting and nonlinear fitting of the models with the R> values about 0.9. Out of all the models,
Langmuir linear fitting model is the suitable model with highest linear fitting R* value. The value of isosteric enthalpy
indicates that the endothermic nature of the adsorption of In*" on SACEF. The adsorption of In** on SACEF is an
endothermic, spontaneous and entropy increase process with AH>0 and reasonable explanation is given to the adsorption
behavior.

Key words: strong acidic cationic-exchange fiber (SACEF); In’'; isothermal adsorption model; adsorption
thermodynamic

B —MREe g, R BES RN Ty . HOAT,  AEREEA AR RS S A AR A
Al G SRR —, B T B R A Sk O TR SRR DO, e 8RR BRI P
EHSHIRE. BTl 2R SE AN 2005 £, A EREAE I AEE KL 1.000~1 100t, H:

EEWA: bt TR SERSE S 7 Bh I H (20080242009)
Wis HEA: 2011-09-21; f&ITHER: 2012-03-30
BIEEE: 20, VM, Mt fif: 010-68915065; E-mail: mingyuli@l63.com



5522 5 10

WM, 5. SRR FH B T AT YR B A R B A 2847

HFERIZ0 500 ¢, LA JRUEMR . i 1991 4F, 4
BREAMTEAE RN 133t HULATIL, BRI FE
15 FFEIEKT 8 £ TR B A 5T 50% 2L L,
BALE T B R IS, O 0.1 ngl/g, W2 EY
TOME ORI RE. 4. BRSSP, TS
J& B AR AN B VEZ AL A, PR, R
BB AR RS EAR O I R 2 . IR,
Bt B T SR AT I, TR E R IR T T
IRZ M. HAET, Tk EAESG0)E SRR i 7
R FAE IO, AH R ARG 1) 7k & AR A ]
BAREZA LA, I P204 VRN ZEGRIN, KA
WO 2GR 5 24k IR R e 22 ABd Rk
KoM, ERCT IR, T RA K m, HELL
Z Nk AP

B AT ] — IR AT, DR AR 2 <)
i 1 76 3 RJRUR JCZR AU 73 5 b B AT Ay i AR
oo WIS /K SRRV P [ 4 S AR
U KT IR FAZ 4T 4E(Strong  acidic cationic
exchange fiber, SACEF)[FIWF In* 144 )y 2450 R W
SCHRHRIE . ASSCHEE H B IR S0 R I W R R
BT AT ST KT In® R PR B 2R B
BHATHESE,  CAMATS B8 7 A0 2T 4R Y 48 25 7 I
IS S e TSI WAEE 2 G SR TA7 (£ e il S T
DR FH A Ao 6 T BE Y iR 15

1 FEERAHRE

1.1 Langmuir I} & RIRE

1916 4, LANGMUIR & 546 5557 2 I PR
BT, LANGMUIR i ¥ 1) 2 — P AR IR R R, 455
— AN B PR R AN AL s IR B A A5 1R R S R B 5
BRSSPI, W BRI PR 2 A A5 o HE T P R
W ge SIMCTHTIRIE co Z MR RN

_ quLpe
1+ K p. M
ARG TE N
Lol pst @

9de qnm Kirq

K p ARFVHIIRIE, mg/L; g a5y e W bt
TR 5, mg/gs gm 2 AR N &, mg/g: Ky
e HEGHAT R RE, L/img.

1.2 Dubinin-Radushkevieh(D-R)Z ;2 £ %!
Dubinin-Radushkevich W [ 455 250 V5 3R 1)t J2 B

DFIEHIH, 55 Langmuir J7FERIX A2, WA B
UG S v

qe = qm exp(—ks?) 3)
A

&=RTIn(l+ i) 4)
Ing, =Ing,, —ke? (5)

P g A FHTRB 5, me/gs g M35 R BT 5, mg/g;
ke SEMLBHBEIT A R HHL mgP kP

1.3 Freundlieh T} [} ;R1&5)
Freundlich 2835 72— A& AR, H T4k
TR BE WY B T AE AN SR TR A T B B o SR T R

. =Kep)" (6)

A . Kp 2 Freundlich MR 2%, S5 W B A B
WM 44 555 n J2 Freundlich F 4, MW KT 1, —
BN R Un=0.1~0.5 tF, 25 TP, i 1/n>2 B IIE LA
W o 4 2C(6) P IO £ T 1

1
lgq, =;lgpe +1g Ky (7

Pl 1gge # g p YRR, BB 1gKe, #HEN
1/n.

Freundlich W[ /5 F£5 Langmuir J7 FEARNIR K2,
B S T AR A R TR B e, AR I A
BIEF AT — &, EIRKRERN, AR
H&KRR. HE R IoR KRN, ARG TS
HOA S LA B o

1.4 Temkin Z;R &5
Temkin W i 2535 X i 24 ™

g. =A+Blnp, )]
ok

RT RT

=—-1Ina, +—1n 9
9= 1t Inpe ©)

K a, F b, 53 A T FEEIPIAN S EL ge A p, 1
BRI BA g % 1g p AEEI Y — B, AT e 1% 05 72
X S50 HSHE RIS R

R W AR TR A O RE R (e, b TfTaX 4 Fpit
B 7 R S TR B R AN [ BE B DG &R . Langmuir
T3 FE TR R 0% B L0 B o AR W B oA AR
ST PP AR Freundlich J7 R ik i fig B



2848 A G A R

2012 4F 10 H

FA e W P A i R B S 1 3 S 0 O KBRS T
Temkin 75 75 T i 119 2 T B 000 e s e 10y K 52 48
PEFFAK. PIl, Freundlich J7#£H1 Temkin J7 ##id H
AN S T AT 2y

1.5 Redlich-Peterson(R-P)% ;2 &8
Redlich-Peterson Wt J7 2 XM R 2 5 % 18 T
Freundlich S5 W b 77 B 52 IR FE (I BR A1 Langmuir
S5 R B 75 R 2 v AR T 118 PRI ) e e 2t R
MW, RoRurT:
__Ap.
1+ Bpé
HA (10T LLEH, %7 Langmuir 77 2
IRAHL, JUEZ T —A Freundlich 77 #2CHh R4k,
Fk, ZXFIREA Langmuir J7F£ A1 Freundlich J7 %
RIFE. Horr, 4 R B #5255 e A7 5 8 £k
et g WA HH, NT oM 1220,
4 g=1 I, X(10)#46 4 Langmuir /B

__Ap.
1+ Bp,

1 g=0 itf, (10)H 44 Henry JEA:

(10)

9e

(11)

9e

Ap
- e 12
1+B (12)

B Z(LOYBON Hirn] He Al e 1K

9e

In(42= -1)=glnp, + InB (13)
KPS E A, B T g o LR X3 G R
W GBVEACIER K IRr =

1.6 Koble-Corrigan(K-C)Z R &5
Koble-Corrigan(K-C)%5 A 8 it — e 2 o410

__Ap!

- 14
1+ Bp) (14)

9.
A(14)h /& Langmuir F1 Freundlich #1445,

HE AN

11

4 pe

1 +£ (15)
9e A

2 X
21 IS

TR IR A (7 Hrat), 3 28 B4 22 kA PR 2 w242
f‘&; HCI. NaOH. HZSO4\ HNO3\ 367](&%?%?9\ ZA@

R By Hrat), Jbntfe ) 2Er7; SmRvEsH & 748
Pl Y, ARSzu s Bl SmERTE B A P A 4k
124 30~40 um, PAHRFYEH 3.5~4.2 mmol/g, 1 H
H A 1 mol/L i HC1 31 24 h &, Bl H A, ye4rh
Pk, ARET .

752 EAMRT AR SO TE, i S A A AT PR
ANFEEFE; SHA-B R E W e%, o M E AL s R
AR AR2140 T HLF K°F, Shimadzu 23 7] 4277
KQ-300E 5 i s, Ee il 5 A B A =) 2
7

22 I REMNES X

KH 5-Br-PADAP 4 665 i In frovk gt
In™ W BEELE JRER JE K 0~500 pg/L i 5506 5 52 R4
MR R, PrAEhEIT#ER: 4=0.748 p —0.010 6,
R*=0.999 8. A AWOLIE: p K In*'KJE, mg/L.

2.3 SACEF Xf7Ki& i 5 In’ BYIR M 258 2k B9 E

KGRI A3 I E SACEF W In®* (1t 35
Btk . HERIRRI— R T SACEF T H 284t
FEI, A A R R I’ AR, BT
TEYEL IR % 2 PAEIR AR 24 h, AR MHARPdr, 4%
=] W3 et BE I B I (TR BE (o, ) o
ST B go(mg/LYRRE R 5

:(IOO_IOe)V (16)
m

9e

R g PRI, mg/g: V& Iny(SO4)s TR
AR, Ly m RTEE PN R, g p 2
In* " WP, me/L;  p, & In® IR Tk
[¥, mg/L. HHILZ: H & FACHA 4 293, 303, 313
A1 323 K (1R B SR 2K

3 FHR51TR

BALE KBS N %2 LUK G B B e e . 1
WAL R, — AT LA BUT 4 2 07 ik
TRt
[In(H,0)e]*"+nL* == [In(H,0)s-,L,]* ™ +nH,0

17)
A L ARSI [ In(H,0)e™ TR AT 7R 2% 15
FHES 1.

BRI 7K s A 27 52 11 T K AR FH T 46 N 3 V)

pH {f. 75 pH H<<1.5 i, B0 T ZAAE B



5522 5 10 1

WM, 5. SRR FH B T AT YR B A R B A 2849

i In™y AE pHAE N 1.5~3.5 I, #Bh AR I 807 4
FEAN In**. mOH>" Al In(OH),"; pH>3.5 &, W
(ITT 46 I In(OH)s o A PRAEF R (18R BE LA H 25 1B
KALLE, WA SO S0R RN pH E I HIE 1.5~3.5
Z I, b h A e RN T KG
InOH*"fil7K % InOH, ",

3.1 FRIRHIHEE

A W 9¢ % H  Langmuir . Dubini-Radushkevieh
(D-R). Freundlich. Temkin. Redlich- Peterson(R-P)F!l
Koble-Corrigan(K-C)%§ 6 Fh &5 ia W LAY, 43 {6
293, 303, 313 M1323 K 55 4 PAARAZ N SACEF
WRBH I’ (450 S 56 B AT P R e R A, L
BOX 6 PRI Ry RS IGO0, A SR WA 1~6
A1 PR,

180

160

g /(mg-g™)
o
o

80 : — Linear fitting curve
g4 e Nonlinear fitting curve

0 20 40 60 80 100 120 140
po/(mg-L™")
1 SAAEF Wi Bt In*"f) Langmuir 253 W% fHBSRLU7 i 25
Fig. 1 Fitting curves of isothermal adsorption Langmuir
model of SACEF adsorption In*"
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Fig. 2 Fitting curves of isothermal adsorption Dubinin-
Radushkevich model of SACEF adsorption In*"
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Fig. 3 Fitting curves of isothermal adsorption Freundlich
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Fig. 5 Fitting curves of isothermal adsorption Redlich-
Peterson model of SACEF adsorption In**
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Table 1 Isothermal adsorption of SACEF adsorption In*"
Model and parameter 293 K 303K 313K 323K
45.66p, 67.11p, 35.34p, 36.90p,

Langmuir linear fit

e 14 02968p, =11 04228p, = 110.1979p, %= 110.1956p,

gul(mgg™) 153.8 158.7 178.6 188.7
Ky 0.296 8 04228 0.1979 0.195 6
R? 0.996 9 0.997 4 0.996 4 0.9952
e/ (mgg™) 154.3 159.7 175.2 184.1
Langmuir nonlinear fit e = 9. qg. = 18, e = 10350, e = _1807p.
1+0.6715p, 1+1.275p, 1+0.6487p, 1+1.082p,
gu/(mgg™) 142.2 145.1 162.6 167.0
Ky 0.6715 1.275 0.648 7 1.082
R 0.8290 0.860 3 0.655 1 0.524 7
Dubinin-Radushkevich o 4 677 5010742 Ing, =4.884—1x10722 Ing, —4.884—1x107 52 Ing, = 4.884—1x10"" 52
linear fit
gu/(mgg™) 124.8 132.1 155.1 187.1
R 0.540 4 0.698 0 0.489 1 0.424 8

Dubinin-Radushkevich
nonlinear fit

gm/(mg:g ")
R2

Ing, =4.884-1x10"¢? Ing, =4.884—1x107 % Ing, =4.884—1x107"¢? Ing, =4.884—1x1077 &?

128.6 135.6 155.9 161.8

0.469 5 0.4327 0.403 6 0.329 3

Freundlich linear fit
Ky
n

R2

q. = 77.50p0145 g, = 85.17p01330 g, = 96.25p01233 g =91.36p01473

77.50 85.17 96.25 91.36
6.820 7.519 8.110 6.789
0.973 0 0.989 8 0.988 0 0.980 1

Freundlich nonlinear fit

q. = 78.77,060.141(7 q. = 87.69,000'1261 q. = 104.2p00.1035 q. = 1 10.31060.1017

Ky 78.77 87.69 104.2 110.3

n 7.060 7.929 9.658 9.832

R 0.972 4 0.9756 0.9543 0.902 8

Temkin linear fit q. =74.14+1636Inp, ¢, =85.74+15.06Inp, ¢, =99.38+14.64Inp, ¢, =107.74+14.49Inp,

R 0.979 8 0.990 3 0.939 7 0.868 1

Model of Redlich-Peterson e =Lpoc_gm 9. =Lpoc_gm7 4. = 2'126“02@? 5 4= 245 1075;984
1+6.695p) 1+6.634p) 1420407 p0%%° 1+221788p%
g 0.8773 0.901 7 0.896 5 0.898 4
R 0.9752 0.989 6 0.948 0 0.890 7
_ 110.3p2%"7 146.5p23184 15.87p20!? 16.19p20177

Model of Koble-Corrigan 9e :W 9e = 1+0.7208,p0 154 * =1 0852 6p0 0110 e = 1085610017

n 0.2917 0.318 4 0.0119 0.011 77

R 0.977 5 0.987 7 0.964 5 0.920 8
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Fig. 6 Fitting curves of isothermal adsorption Koble-Corrigan
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Fig.7 Estimated of thermodynamic parameters of system

tested (for In*" on SACEF)
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Wt B B AG FIE AT LUl TS Gibbs 77 75 K B
SR fr A F0

x dx
AG:-RTqu7 (19)
A g MRBHEE, mol/gs x AV -F B R AR R 2K

Wk g Al x KRR A4 Freundich J7FE, Hf

g= kxl/n (20)
¥R QORI B HEE ¢ Bk,
AG =—-nRT (21)

A e n 4 Freundlich 75 P45 %L
3.2.3  WRFGE AS HTHEE
W% B4 0T 4% Gibbs-Helmholtz 77 F2it 517,
AS = (AH —AG)/T (22)

%2 SACEF Wi In* [l 1% 550
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BHIRS AS (T 2E SB B v S b

MK 2 MEHETLLEH, AH KT 0, XUk
SACEF %7K A In’ B F (645 In®", /K& mOH> FIK A
InOH, &1 3 MebRE) 1 bt it 2 WAy, H. AH 1
2 0T (L it A5 TR B 0 P 8 I e ARG, L R IR R e 2
SACEF 35 28 /K AR S (it 2 B (— SOsH) A 41, A
SACEF W I ¥F2 K43 T o 291288 1 A8 P £F 4 FE0
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DRI Bt — AR A5 In B8 7 B4R 4 T 75 22 ok
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W BREAS AHL IRESG B8 1) 384 T s A BRI, IX R g
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I’ B e R A R AR, IF K In 8
(177 AT LK F IR 2, P DABE A TR B 4
BE N, e R Iy S R R ISR, TR i S
W B 7500 2 T P A FH 2R T I B AR T 4 1K A5 Tn
T HEWP K-S In® 8 I E TR, WS AR
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WL BH E EHRE AG 2 PR R 5T o R B0 S P 4
o A 2 ER T LAE H, WRE B AR AR T,
W] SACEF /K4 In’ 887 (MW b ik & 1 R kAT

Table 2 Thermodynamics parameters for adsorption In*" onto SACEF from water

4/ AH/ AG/(kJ'mol ™) AS/(J'mol ")
. 71 . 71
(mmol-g ) (kJ-mol ) 293K 303K 313K 323K 293K 303K 313K 323K
0.6 35.68 1663  —18.94 2110 —18.23 1819 1803 1814 1669
08 3430 1663  —18.94 2110 —18.23 1738 1757 1770 1626
1.0 33.23 1663  —18.94 2110 —18.23 1702 1722 1736 1593
12 32.36 1663  —18.94 2110 —18.23 1672 1693 1708  156.6
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