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Kinetics and thermodynamics studies on the adsorption of
Zn( I ) onto chitosan-hydroxyapatite

MA Zhiguang, LIU Mengchao, SONG Yinan, LIU Suwen, L!| Jianghong
(Key Laboratory of Medicinal Chemistry and Molecular Diagnosis of Ministry of Education, College
of Chemistry and Environmental Science, Hebei University, Baoding 071002, China)

Abstract: The chitosan/hydroxyapatite composite adsorbent (CS/HA) was prepared by in situ com-
posite method. The adsorption of Zn([I ) onto CS/HA in aqueous solution was studied. Kinetics and ther-
modynamics of the adsorption of Zn( ]I ) onto the adsorbent in aqueous solution were investigated. The ad-
sorption kinetics of Zn( ]I ) on the CS/HA was found to follow the pseudo-second-order kinetic model, and
the apparent adsorption activation energy was measured. Thermodynamic study indicated that the adsorp-
tion of Zn( ]I ) onto CS/HA conformed to Langmuir isotherm adsorption equation, and the adsorption
thermodynamic parameters such as AH®,AS?,AG?, were obtained.
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WEBFHNA BERKG (HOAERENRELEEH. N EHERBFRAT Z0 R EE %
FANY. FE R/ B EBEK G E AP (CS/HA) A 18 5 R 31— A 55 W40 0% B ) 0 — Sk B, E 3R %07 1Y
FEREM Ca(NO,), « 4H,O f1 KH. PO, HFH R AFML & A5 & T CS/HA. 2 3R FI R 1 sk 19 R
B A& CS/HA SRR S ZnC D) AYTRBE 3 1 R H1 2%, R A b4 52 BR R A 2 % B 2836
A BF 5T SR BLAK IR,

1 XBHL

1.1 /5 EN

UV-2006 % 5h-7] WK B HZS-D K #3528 CP214 B eg T K F. SRR ¥ (B Z BEBE > 90 %65 #
LeREYEFERAF),Ca(NO,), » 4H,0,KH,PO,, CH;COOH, ZnSO, - 6H,0,EDTA, 4% 2 T,
NaOH %% & o braif .
1.2 XBHE

HR[12]h F R %A 125 mL ZMB WM 1. 25 g 49 Ca(NO,), « 4H,0 # 0. 43 g 9 KH, PO, ,
A 100 g i CS, BIZUBEH18 CS 1 HA MRTIR RIS M. A SO0 46 TR/ B0 - 7 50 mL AKF A
100 g CS, HHEMA 25 mL BB I 6 KM Z B BIHY T 100 g I CSHET 75 mL MEERS B R 2% 2
P . EEEEH, BMA 1. 25 g #§ Ca(NO,), « 4H,0 #1 0. 43 g 89 KH, PO, . ##:/F M A 50 mL {AF 4%
H2AMZ BB R EBATHSEY, BRHBERE. SERETEERBAREBERE . FRL. &
FMREBBRFIMAEREES BN 3% ~8% K NaOH B, RN SER/GHE 12 h, Ik, ARIBAKKEKRES
.65 CHT,HBERRZ 178 pum. TRBHMBEBRKAHRE LK 10:1.

FREX 0. 500 0 g CS/HA, A SO mL M P , BERBE 20 mL B MK E K ZnSO, B, HH K AK
BRGED, XEBRGFHEHHR 130 r/min, FRERE T RS —E 6 E]FHREDHE, B— BB, S
R THERN, H EDTAfRERBHE B BR In([DAEE. & T B R H 2

Q___(co—c) 'V, (1)

R, Q AR & (mmol/g);V HBEMMEBR (mL);m HRMARE(D;c, REBBES In(I WU BEE
(mol/L) ;¢ BRI 45 R % BE (mol/L). IR BB 3 KL 4 F A 1.

2 BRE54®

2.1 CS/HA 3t Zn( 1) BB B Bh h S HF 5
7E 293~318 K B, @ it BF 5 Bt B B A IR 9 25 4L % R, 75 8 CS/HA X9k B X 0. 040 mol/L By
ZnCID WM ¥ (B 1. WE 1 5T LUE M, CS/HA Xt Zn (11 ) i 0% B B A 8 57 &0 0% B v 88 JFF 2R 0
ZnC 1) 3 550 W% B4 26 % BFF 70 60 S/ 2 T, W5 R 30 JE A 40 o W B 382344 n B0 B0 5 BB R RS B AN AT, Zn (T B3
35 7 87 00 /1 o % B 30) 9 Rk BRS04 o 55 A1 B VR R TR ST 1) R BRI A P B B, U OB T S, YR B
REFAAN. BT VE. FSERET .t Ty 8083568 B A9 7+ iR , B3 e A7 57 4 T B 5 3R 4 K, 0% B B
Hm. ZRE RSB EPYRAESTLE RN LR 3 MO EL TR,
=% hEHBHRSR K0
t_t 1
Q Q. @,
A, Q B B 18] ¢ (min) B ) % B B (mmol/g) s Quq : - 45 ¥% B B (mmol/g) 5 k. 72 WL I Bff 53 o ¥ M (g »

mmol™! * min™!).

(2)






.« 270 - AR RFERARBER LR

Langmuir 4 iR H 77 8L MR HERBR G0 = o0+ 2% (3
Freundlich %8B 77U (2 A RS 16Qu = —lgca+1eKr @

b Q. JgHEF1E M & (mmol/g) ; K, A Langmuir %% B} 45 % % (L/mmol) ; 1/n: Freundlich # %, K¢ & Freun-
dlich 5% Bt 45 5 B e BB LS R AT & B B F IR B (mmol/L) sQu 5 co HI%T L #Y 1 Bt & (mmol/g).
4+ %)% A Freundlich, Langmuir SRR H B, M ARMBETHELERERVFERMBATES,
HRWME 3 iR,
% 3 Freundlich 1 Langmuir B EBERX ISR
Tab.3 Freundlich and Langmuir isotherm fitting results

T/K Freundlich Bl & &R R; © Langmuir 7RI G %R K, /(L « mmol™") R?

293 1gQ.,=0. 665 8lgc,—0.564 0  0.993 2 Ceq/Qeq =0. 303 3cq +4.156 7 0.072 9 0.999 4
298 1gQ.,=0. 661 6lgc,,—0.5420  0.993 2 Cea/Qeq=0. 299 1c,+3.948 8 0.075 7 0.999 7
308 1gQ., =0. 660 9lgc,—0.5158 0.993 2 Ceq/Qeq =0. 297 2¢+3.685 8 0. 080 6 0.999 6
318 1gQ., =0. 642 4lgc,,—0.472 6  0.993 2 Cea/Qeq=0. 296 3¢ +3. 411 1 0. 086 8 0.999 4
328  1gQ.,=0. 635 6lgc,—0.4317  0.993 2 Cea/ Qe =0. 294 Oc+2.944 0 0.099 9 0.999 4

B] LU H , Langmuir 20 % B R4 BB RAEME R M R 49°>0. 999, 1% F i Freundlich J7 &5l
A RHE R®,B7 L Langmuir SRR MR EE A A TH#R CS/HA N ZnC(ID WRK IR B RE S,
Langmuir 45 % 8 K, B B E TR B2 8K, R R BEA FI T R B 0 # AT

#4 Van't Hoff W83 K, BORE T AR ER

In Kl.'—'%jﬁ-A—Rs—o-. (5)

R AH (k] /mol) 1 AS" (J/mol « K> 43 5114y % it 1 2 0 48 26 R 28

In K, ~1/T 24H%(E 3) , HEMHRAMBEHN —AH'/R #1 AS"/R. 1T AR H AH® #1 AS'.
HEZENTELHEAPERTUEE . ZEETFT AG EE8ZREBEETHANATE,. HEERRA AG B, &K
B CS/HA Xt Zn(IDMRHHIBR - H RSB BERKE RBEMK; AH >0 Y CS/HA B Hf Zn
(1 )E@WW*’W%ﬂﬂ?ﬂEﬁEXﬂﬂ&mﬁﬁj,AS°>0 M#FERT CS/HA B Mt Zn( I YRS BRE RS
B R,

3.00 3.10 320 330 3.45
T7(10°K™)

3 WK, 5T'MxXRK
Fig.3 Relationship between In K , and T™'
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Tab.4 Thermodynamic parameters at different temperatures

T/K AG/(k] « mol™") AH®/(k] « mol™) AS'/(J « mol™! « K1) R?
293 —0.585
298 —0.717
308 —0.982 7.153 26. 411 0. 995 6
318 —1.256
328 —1.510

3 ##

LAFERME .Ca(NO,), * 4H,O 1 KH, PO, K JFH @i RO E %M & T CS/HA. EHHxt Zn( DI

WEh HEHREH . ELREMBT,CS/HA EXF Zn( D HRMA SN R0 288, BHIEE E, =
19.75 k]/mol; B f 2 AR R, LR KM T,CS/HA X} Zn( I HWBRM EH 4 F Langmuir ZE B, H148
BT AH,AS*, AG® 1% 55
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