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OB AU AR () A 0 SR % R SRR R, WFST T D401 BE & RIE X Cu Mt #4635 T
B RERE A 2R 2, B AN e T W AR AL S5 0. &5 SRR, A R R B e B 2 1k 8 RN T e o 48
s 4 pH Jy 5.6 ISR PR K, 1k 1.887 mmol/g. ANFIVEE R Langmuir J7 F2Y) SRIUREF RIS B, # T 22 P i i
THHEAFAG<0, AH=21.5 kJ/mol, AS>0, FWIZW RS AR W, B mrd e, s SR, % Bes
WE L 2 AR, W S S R ORI SO IR s . 2B IR AR 96 1 pH SRR X Cu?t BAT TR U 3k

PRRBE, T TR A A R AR R Cu I 5.

KRR BEOWIE W8T WMAERL: MOt B RER

FESHES: 0647.3 XERFRIRED: A

LW E

-2 2 I 2 SO (G G T ) A i 1 B 5 S 17 T
SIS 2 S E LS, B TR R B A
L-%5 2 W 1 (L-GIn) F 5 1A 6 A% 3 A o- 1 8 B AT B 1)
SIS AR A S IR A S N A ZR v T R
(1 E LR . R GIn 5 Cu® B e 454 Sk 4t
P, AT Rk P GIn R B o, 0 A IR B N
ARSI = ORI Z SR T LR R I s il o5, it
AR AL Gtk R RN, Bl TR R PEIA
TRER Cu®, X i 2 4k vl Beid R K s,
R, NN R 55 ALYy, X, B
BN AL AW EA, S F LR
JERE. HH 5 T AR 4 IR R K R A (R AN R ik
1.5 mg/g®. Kk, WTfRifE. mat 5 Cu e R 5%
D3 B RE— 3B R N H.

AWM E 2RSSR E T RRE R %5
(AT IR 20 T AR DA01 B i R A SE IR IR 2K
PR, AR ZRIE TS I SR TR
Fase (B Ly ity , BAT 54 8 4545 h6 05 W 2% =
BAERI RS, HATE AT D401 WARIKI ST 32 2
EhEx Agh, DY, Cd?*, Ho™ Fil Eu** & i & B 55 1
(OB, T Cu™ TR BRI i S WLERAIF 5T 0 oA L3R 38
AR T AR IR BB 2 L Bl 72« W R LR S5 5 Thi X D401
PR B Cus R FEHEAT T 208, I 52 T B Sz
R Cu IR BRAUR, B A M IRAE Cu B kR BA T
(0 AR AR B AN AR S RE, it — D oee THT
B2 WA (1) LA R AR 1 2.

gt BEA: 2009-07-09, f&[E HEA: 2009-08-04

NEHHE: 1009-606X(2009)05-0865-06

2.1 UES5RHHF

FEAA: AP (GEE Perkin Elmer 2
F]), Nicolet 380 ML AMGIEAX(SEE Thermo 2 w]),
Ultimate 3000 7= R4 AH (135 (35 [l Dionex A ), RE X
TH IR AR G 3 OB SEER AL ) ), PHS-3B 2K %
pH V(L RERG % RF 2547 BR 22 1), Millipore-Q Plus ##4li/K
Z45(3 E Millipore 24 7).

MRl D401 EEA (LR RERAT IR A ),
CuSO,4-5H,0 fmik( E#EFr =AE4 1) ), L&D 418
AN (E 2 BRI IR A H]), R (gl
RYLAH), HRZ ¥ A E 2R, srirat.

2.2 Cu™iREME

P AU AS [ B2 £ CuSO,4-5H,0 W, F4 46t
JFEVH I SRR O, AR s BRI, B A1
Ji%: HX 300 uL Cu™ ¥, A 600 pL 0.2 mol/L ff)
EDTA-Na %7, JIA pH 2k 5.6 (1)1 FR—E RN 2% vk
2100 pL F%E, $22, 7E 733 nm P RO G(E.
2.3 ZRERAEES T

B 25 A B DL HPLC 938 B 40T, R4k
24 i Kromasil C18 #£(4.6 mmx250 mmy), £l
WK 200 nm, ik 1 mL/min, FEHAHRN AGE 0.1% =%
LIRIIAEK):B(LMi)=95:5, HEFfH 20 uL
2.4 pH X3 IR M B9 #20G

Bl HIAN R pH RIZ2 45 50 mL i =i, @
25 B ) CuSO,-5H,0, Cu® HIHAH % %9 50 mmol/L, 44
AN 05 g BHiE, BRG] (25 °C, 150 r/min),

EEWE: WX EAIEAITITR EMRI(973) 34 % B IR H (% '5: 2009CB724706)
&R XL (1985-), T, VLA RN, WA, EENFRE TR AW B s Bhil, J@iRBCR A, Tel: 025-83172098,

E-mail: yaozh09@263.net.
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D52 5 CuP R IE, TR IR X Cu® (i B £
Qe=(Co—CeVIW, 1

A, Qe B I B T- 18 W Bt (mmol/g),  Co AT Ce 43531

W BT S R CuP BV (mmol/L), VR VR AR

(L), W M iETH(g).

2.5 R R A= 3305 M A9 0a

PR EUAS 1] 5t & B B IR A 50 mL pH 5.6 [
CuSO,5H,0 ¥, Cu”™ ¥IEAHeE % 50 mmol/L, & T
PERIR S HUNN (25 °C, 150 r/min), BURESMAT, 508 I
AT P
2.6 MM DZE

J1 pH 5.6 (12201 LI AN R WTRG K FE 1Y) CuP ¥
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AN T P TR B e, T H B DG ) 2 2 5
2.7 WMEhHE#
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i, WL B - () i 2, RO B k. N AR ]
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Fig.1 FT-IR spectra of blank and Cu?* loaded D401 chelating resin
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Fig.2 Influence of pH value on adsorption of Cu?*
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Fig.3 Influence of adsorbent dosage on adsorption of Cu?*
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K0 255 BT PR A 1 I 3 g A A g 2 867

AT 2 R R AS A AL . RIS, B R B e
W B 1) AT 0 T BAEG, - Shukla 2 A 3 S il T g
THIA7 76 R A R ) W B 05 W B 5 FH KT 4
g/L I, LIRS ARAEAN K 30 gL IR I R HA TR
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Fig.4 Adsorption isotherms of Cu?* on resin
FIF Langmuir AT Freundlich 453 W SR X 4 4
F) S 6 B 3EA T34, Langmuir AT Freundlich 2596 1% [
AERL AT 43 30 Ak A T e 2R
Langmuir W ff} 453 2k

Ce/Qe:Ce/Qm"'(QmKL)il- (2)
Freundlich W% ff 45 £k
INQe=nINC+INKe, (3)

XA, Qm i B B I8 55 K B 5 (mmol/g), Ko 4
Langmuir W Bt P45 7 2 (L/mmol), Ke R8I Bt g
(mmol/g), n ARSI B TSR],

Phe kI, Langmuir B8 505 R AH OC R B0 K (L
1), BYILAE T A R CuP e B AR - B4 T
K AHTINA B PRI A B IR [ S W B T 2 ()
I s A il B, X ) A 45 5 BE A Langmuir
ST R B B AR, BB B 00 2 T PR B B it 3050 4
A HEAT A RN BISE RN g, W B ) 5 8 B 2 () T ps o 41
JEWE . 1M Freundlich 7B — M7 HE, HAS

BT Sk i R P,

1 CU"EFIEE L IRMIEY Langmuir ZE HIEINESE
Table 1 Fitting parameters of Langmuir isotherm for the
adsorption of Cu?* on resin

Qm Ku

: 2
T (K) Function (mmol/g) (Limmol) R
298 Ce/Qe=0.5848C.+0.273 1.7100 21421 0.9986
308 Ce/Qe=0.5303C.+0.176 8 1.8857 2.9994 0.9985
318 Ce/Qe=0.5033C.+0.136 3 1.9869 3.6925 0.9991

15 25~45°CYalH A, BEAFIREEMITER, Qm HK,
KBRS AT LT AT ) T B B B B g 32 A T
3.4.2 Iy B

AT REIE B I 035 A1 407 B R REAZAG
BRI RS AR AH L JAZAS =5 THIRS R B ok 2 )
T AT, I A 5 5k

AG=-RTInK{, 4)
InK =—AH/(RT)+ASIR, (5)
AS=(AH-AG)/T, (6)

Kb, ROASRH %1[8.314 J/(mol-K)], AG FRAEARHEIR
ATHEAT 1 mol 752 # S NPT 5 L i A H g A2
(kJ/mol).

RS Cu BB i P ) 2 S RO 2. 1T LU
P ANTRJIRE T W PR I A 1) 55 A b ) e AR Ak B A
R PR FERT R MEAT. AG 12X bl i 5 T s i
Thh, RS TH R e T W B SRR g AT DO i
ARG ACAH N IEAR, R A R D WA BN
TRLE T AT R TR B A EAT . 24AH=2.1~20.9 kd/mol I,
xR IR B s AH by 20.9~418.4 kI/mol B, R4
R B, DRIk, Cu Wi B 3804 I 4 T 308 3o £ 27 B3R A T
W BRI RE A AR AS Dy 1EAR, R WIS h ) B AR
W B R RN T X TR A, BRI T IR
WAL e 2 [ - I 1 R 2 T 862> H I, (HK 2> TR
TR T EET R AN B PRSI G N, AT
FUEAZAS>0.

R 2 TRIRE TREEX Cu™ MR M F &N ESE

Table 2 Thermodynamic parameters for adsorption of

Cu?" at different temperatures

T (K) AG (kd/mol) AH (kJ/mol) AS [J/(mol-K)]
298 -1.88761 78.48191
308 -2.81306 215 78.93849
318 -3.45409 78.47198

3.5 lMizh h%

3.5.1 AN[FIHTARIAR LT AW B T < £
ANTFIRI Gt Cu < T F VR Bk i 4 22 1 1 €] 5
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TR, B2 8 s Cu®* MR B 43 2 ANBY
BL BB Cu IR A THIMR AR DG, 3B AR A
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Fig.5 Adsorption rate curves at different initial Cu®* concentrations
PR HI4G Cu ik 2 20 mmol/L A 7 h
BEATE B 145, Wb EE ik 0.9854 mmol/g: TMI{ER]
U CuP ¥R £l 40 mmol/L (¥, %85 h At

RESEACTE 2 PSP, TR BHEA 1.6166 mmol/g. #14h
CuZ ok BE $ B B A 1 o PR — BT 2 0 2 5 BEL ) F) 4 3
77, KT W 5 R B ) TR SR R ML, R g
ERE e
35.2 N RHMIHE
i FH S i 38 T 4 8 W B 1) ) g 24 B R g 1 — 2 R
HE R, E— R R RO Lagergren —
)y 1R 2 AR AT 4 2 AR
19(Qe—Qy)=19Qc—k1/2.303, (7
t/Q=(k2Qe’) +t/Qe, (8)

b, Qu IS t IR R Bt i (mmol/g), ky(h AT k,
[9/(mmol-h)] 73l A e — 2 #E—J R S

FHE—ORIHE — 9 S N 8y ) 2 D7 R ] 5 IR S
FARIATIE, WA 3, MRSV J7 R AR OC R ER 5k
BRI 5 A TS Qe L AR 22 Tl i 72 S . 3.

* 3 WoR, HEZHH IR E T Qe 5
MEETE h$Har, HACRE &, HRT 099, wHE
DV B 2R e G UE B D) . R 2B,
Lagergren — 43l J) 2% )7 FE AR N HI T B i F2 91 46
B BT AN AR AN B T RS N ) AR AR R
LWL RE ARSI, 3 AR 2 W i o e,

%3 MM N FHERUSWHER LN N FSHRBEXREY
Table 3  Kinetic parameters and correlation coefficients of the two kinetic equations

Cu?" concentration

First-order Kinetic model

Second-order kinetic model

Qe,exp_ (mmol/g)

(mmol/L) Qeal. (MMOI/g) ke R Qe.cat. (MMoI/g) ka R
20 0.9854 1.4518 0.6116 0.9622 1.2361 0.3966 0.9964
40 1.6166 2.2709 0.5150 0.9576 2.0112 0.2171 0.9982
3.5.3 WL AL 1.8

PLb 2 ANBER TG VA e 5 OV LEE, DALk, 15 Weber
FI Morris $& Hi R H0RE A 4 OB 6 S 56 45 BT 0 #

Q=K t"?+C, 9)

X,k AR HUE R S5 [mmol/(g-hY)], C RIAET
FE MR, DL Qo (2R, Figeid s, M
TSR R B DB, A5 00, R B 2 e 22 Tl B L 28
JL[FRF . B FH Weber—Morris 77 Rt ] 5 F) S it S it
TRIA, S5 6. A gh FAER 5L, Uk
BRI R L AN R ME— (R OB, MR P R 4]
GBS O TS, AR P 6 H A TR Cutik
J&£ 2 20 F1 40 mmol/L I R50RL 19 LS i k, 33 4 0.3131
F10.49 mmol/(g-h'?), BwI4s CuP Wk BEE A IIE K, X
DR R 5 A U CuPt e B B T S K sl 1,

16 b Initial Cu® concentration (mmol/L)

Q (mmol/g)

t1/2 (hllz)

K 6 AFIHIG Cut kB R IR 550y R U4 i 22
Fig.6 Plot of intraparticle diffusion model for adsorption
of Cu?* at different initial Cu?* concentrations
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Fig.7 Effect of pH on the adsorption of copper and theanine
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Kinetics and Thermodynamics of the Adsorption of Copper(ll) onto Chelating Resin
LIU Bu-yun, YAO Zhong, ZHOU Zhi, XU Hong, WEI Ping

(State Key Laboratory of Material-oriented Chemical Engineering, College of Food Science and Light Industry,
Nanjing University of Technology, Nanjing, Jiangsu 210009, China)

Abstract: The kinetics and thermodynamics of copper(l1) adsorption onto D401 chelating resin were studied as for removal of copper(l1)
from enzymatic synthesis of L-theanine using glutamine—copper(ll) as donor substrate. The structures of copper loaded resin were
confirmed by infrared spectroscopy. Adsorption capacity of copper(ll) increased with increasing initial metal ion concentration and
temperature. And its highest value was 1.887 mmol/g at pH 5.6. Experimental data fitted well to the Langmuir model at all temperatures
studied. The thermodynamic equilibrium functions were also determined. AG<0, AH=21.5 kJ/mol, AS>0, so the adsorption was
spontaneous, endothermic and entropy increasing. The kinetic experimental data were correlated with pseudo-second-order kinetic model.
The adsorption rate was controlled by film diffusion and particle diffusion simultaneously throughout the entire adsorption period. The
resin could be applied to the removal of copper(ll) from theanine—copper complexes by enzymatic synthesis under wide pH range, with a
good selectivity with copper(ll).

Key words: chelating resin; copper(ll); adsorption isotherm; thermodynamics; kinetics; theanine



