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Adsorption of Calcium Ion from Aqueous Solution Using Na*-Conditioned

Clinoptilolite for Hot-Water Softening
ZHANG Shuo', WANG Dong”, CHEN Yuan-chao’ , ZHANG Xing-wen”, CHEN Gui-jun*

(1. Tianjin Key Laboratory of Aquatic Science and Technology , School of Environmental and Municipal Engineering, Tianjin Chengjian
University, Tianjin 300384, China; 2. School of Environmental Science and Technology, Dalian University of Technology, Dalian
116024, China; 3. McWong Environmental Engineering Co. , Ltd., Shanghai 200135, China; 4. School of Energy and Power
Engineering, Dalian University of Technology, Dalian 116024, China)

Abstract; This work investigated adsorptive removal of calcium ion (Ca®*) by virtue of Na " -conditioned clinoptilolite simulating the
process of softening for industrial hot-water system. Influential factors such as the activation/regeneration of sorbent and solution pH
were tested. The kinetics/thermodynamics for adsorption of Ca”* were analyzed and discussed. Results showed that; (D The adsorption
rate was in good agreement with the pseudo-second order kinetic models, and the process of adsorption better followed the Langmuir
model; @ Higher solution temperature allowed an enhanced efficiency on Ca®* removal, albeit the maximum adsorption capacity of
Na* -conditioned clinoptilolite was hardly affected; ) The process of adsorption was dominated by chemisorption, and also
characterized by entropy increase with spontaneous/endothermic nature; @ Solution temperature was suggested to be controlled within
the range of 6 to 10, and more than 9 times of sorbent regeneration could be ensured for an effective adsorption towards Ca®>* with initial
concentration less than 20 mg-L™". It was demonstrated that the activated clinoptilolite should be a promising alternative adsorbent for
industrial hot-water softening.

Key words : clinoptilolite ; activation; hot-water; adsorption; calcium ion

S IR) R A AR T Tl RESh 1 RS rh |
i) TAEFRAHIK R G IE R a7, SMBEYR 7] (4n
EDTA, ATMP, HEDP %) {4k 4k 5 ( 41 Na,CO,
Ca(OH), %) W a5 iM% (B RE S TolA
I Tp 1B DT G E7 = SRR e 11/
BAH AR P S s i K AR B 8 8 A R ik 2 —
TP R 578 ML R IL FH AR X e R A2 B 7 iR
RIS FRE PR A X B 22, 28 5 7= U ik A8 Y
F A R TR S RN, SO DL T RER B O R
ESioy WriE el

AR Rl AT e — T S K A s B - 4 R R i
FRFRERT W5, E A it TR SR 3 g R D ) % v

FLBE AR AT T A v AS A AR R T A L 3R
T A B R, b BRSO B BH S - 40 KT R Na
SGEAMETA. TEIE SOV AT A B R TR
FHES+ (4n Na™ ) AT LA s FS W Hh i 25 19 H Fr BH
BT W) o Ae 4, LI R A2 e 5 AR o 2 ] g
8, X A5 W 40 VR SR Dt R A B B L A 34 358 7K Ak 2
U ZE) T — ek S — v, WA A R
EA R AW R IR E M B Tz
iR BB 2014-06-27; fEiTHHEA: 2014-09-13

E£WAH: ()Efl)iﬂddﬂ%%?%%ﬂ‘iiéﬁﬂﬁﬁjt#z:ﬁﬁ(20122X07308-

EE R IR (1984 ~ ), 5 T U, =BT 7 10 38 K Ak
FIE R | E-mail ; zsscil 203@ 163. com



2 4 SRARSE . FROKIRBEH Na* 156 10} A B 41 I R 245 8 1 BB 1 R A5 745

AR AR R , & B 7E PR PR T R 45 5 3 i 1k
FUIRESE BUK B AL, SR R IR SR ok 4 25 B
Tk oK i A B R R R SR H AT
el PN A il A R o 5 48 2 B 4 Js B 19
P B 5 O M OGO (AL S BR cut
C>* 11 Mn® ORI HE 2 oK e Rt s
(O BIF 5 AR X e

AWFFEET XS Tl ROK BRI A, i Na* 164
HPER R B A AT HA IS5 B 7 Ca® Y
R, TR S AR 2R 7K A P e 7 14 1R
AR S AR SEE) Jy2f SRR E LAY 3 T A 2
PEEOAR B Tl oK TR SEI BRAE SRR 2%

1 RS

L1 2

S PRSI 25 5 RV
PR AATIRA IS (A AP0 ). MR
KBTI,

SN KRR FH HH-S RS 25 16 I 7K 7 4 1 1 ol
(KiBETT 35 £0.02C). ¥ W pH K H Cyber Scan
PH1500 % pH THEZRIE. A& B A B LR
LA, AL SEES S E R FH 26 E BB AR A )
Autosorb-1 YA 3L BHSGEA TN E. {3 FH XRF-1800
T X RS TE AU R & A 2 4 AT R
M5 EE. K Bruker-Vector 8 B AR 2T A1
ACCFT-IR ) X4 & A7 el M T P 2000 B ZR R AR i
FrAGm.

1.2 SCE0 R R A Ak 3

KRB B A0 B i i A 78 2 B BRAR LB R
B Bk Wk A 2 BB 4 JE R AR A 0.5 ~ 1
mm , iC & 15% NaCl %W, B0RL 5 W5 1:2.5 1K
FRIGATR A I I ik 30 min, F 2585 17K wh gk i
B B TCRIF ARG BT, B8 B — kg k. ARSI
TR BB R FE f iy 24 8 HX-n(n =1,2,3-+).
Na " WAL 5 & & il AT G5 SRR o & e
fERE LR 1.

F1 Na'BEUEIEREBEEAXYUSH

Table 1  Relevant physicochemical properties of clinoptilolite before and after Na * -activation
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Fig. 1  Activation time vs. Ca®* adsorption rate
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Fig. 2 FT-IR spectra of clinoptilolite before and after Na * -activation
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Fig. 3 Adsorption kinetic curve of Ca?* by activated

clinoptilolite under different temperatures
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Table 3 Adsorption isotherms of Ca®* by activated clinoptilolite under different temperature
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Table 4 Thermodynamic parameters for adsorption of Ca®* by activated clinoptilolite
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