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Fig. 1 Effect of pH on adsorption of Cu(ll) on kaolinite in de-ionized water or a 0.1 mol L NaNOs solution

< 1 Frisch &S

Table 1 Fitting parameters of Frisch Equation

ANF A R

2
Samples in different condition pHe b ¢ R pHso
£ B 7K De-ionized water 5.14 -2.19 2.53 0.999 4.96
0.1 mol L* NaNOs 5.40 -6.45 4.26 0.998 531

2.2 IRM SRR TR B TR P RELERRIR

R R T, R BT KRN, AR MERE pH FARETE DLANE 2 P SRaRah g
R, S, TR IR T om R KB /N, EAIR pH BL SR IR B 7 2 nI AR 5 B T KR
fiEm, HAEAANR pH Z64F T, fEon (L BE & MR A S o ok b o 58—, R RO, XT
[ s PRV AEL A O I S 2 (R PV ol AR, Y08 plis. 0 et =, MEE
TIREG— IR, 2 PG pH KT H 2 Jm, = HIERNELE, RSPl ol KT —E1E
ZJa, Cu” B FAMURRERMRT, ST H I T VR R A 25 1 e AR B O IR . TR R B e
VN2 B FKEL0. 1 mol L NaNOy, 458 — £ B 1K, X—I G nr . H 4
W 0. 1mol L NaNOs i, AH EER AR 23 B 57K, R o (B 480 8 S sy o SR 485 SR [R] I 2 1,
To VR B IR S35 HL AR ST BE RN, 6 T 58 RS = IR, A A 7B BE pH BT R R
HAWE, HEALETHE T RERES.
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Fig. 2 Variation of the fraction of desorbed Cu(ll) with increasing pH in de-ionized water(a: adsorbed in de-ionized water; b:
adsorbed in 0.1 mol L't NaNOs)

2.3 IRBH1E5R B F7E NaNOs /A i HOTE ZE AR

AR AEE B TR R =R G, BRI EE MR B ) NaNOs BRIy, 4 25 i
W ERE pH AL G DLl 3 N 4 Fs. SREREE IR, B8, R IR B i o Bl 14
W opH ETHHIAALIEE, JEAZ S T RERES, RS BT MRS, 5, fER—
W NaNOs 26144, AHIR] pH S5 T IR 7B R /D B BRI S INTI o o 26 =, BRI IR
BRI B NaNOz iR FEA RIS, 7E[R] — ¥ 5 NaNOs fif IR A AH [F) AW A pH 2640 LA 7y
EBE AR, EAEHAB AT, AR B I SCHF F AR BTIR L« AR B IR T 45 pH, AR RTINS,
IIME RN BB A AR S A P A O AR R KT AR R AR e BB DY, JE VR R B A SR FRL AR o R 82 K /N
], CEARR B SRIE AN AT, #8736 ol (0 A R b 2 220 — AR R BCP 22 1 BT R

o 6 5 5

1)

2 b c
m g Ar e AT
&S
\%g 3k 3F 3
-1
i% 2= 2.k 2
g
= B

©

LL

B 2 »'“’ 1 1" 0.0 x-l;c::u% 0 Lo—Oe=0-e0 —

0.0 8 0.
25 3.0 35 40 45 50 55 60 65 25 30 35 40 45 50 55 6.0 65 25 30 35 40 45 50 55 60 65

pH
—e— KRR —o— FRMER e '”4“5;-1;’&‘""’#-”)1
¢ .
1% desorption 2™ desorption 3" desorption

B3 LB TR, AR EE NaNO, V8 HH AR AT, 47 25— A 3 (B BE VA W pH T 784k (a:0. 01 mol L
NaN0;;b:0.1 mol L' NaNOs; c: 1 mol L' NaNOs)
Fig. 3 Variation of the fraction of Cu(ll) pre-adsorbed in de-ionized water desorbed by NaNOgz with increasing pH and
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Fig. 4 Variation of the fraction of Cu(ll) pre-adsorbed in de-ionized water desorbed by NaNOsz with increasing pH and
concentrations of NaNOs (a: desorbed with 0.01 mol Lt NaNOs; b:desorbed with 0.1 mol L NaNOs; c:desorbed with 1 mol
L1 NaNOs)

MR ER AT LA E Y, A FRE NaNOz AT AR IR, TCIR AR 8, A2 RER 7 1B L
N AR A L BT IR BT R SRR I P A TR AR T, KR pH O JRAEAAL,
615 AR P AT pH IR AE— B B 5 s IT S ) pH mwZI3EAR —30 (R 2). X THEEE T
IR A B 73, pH w2834 3.565 X T-7E 0.1 mol L™ NaNOs ¥ Wk Fft 47 25 74, 0.01 mol L
NaNOs IR, 574 3.18, 0.1 mol L™t NaNOs & #3474 3.39. X T+ [F]— ¥ & NaNOs fif
W, pH w5 IR B R
R 2 H¥BETHA pH FXTRL pH my

Table 2 pH at the turning point and its corresponding pHad relative to desorption condition

VRIS ER LN 0 SRR SCHF LR R TR PH P35 pH
Supporting electrolyte Supporting electrolyte in Rounds of PHad pH at the turning point
in adsorption solution desorption solution desorption

EETK 0.01 mol L* NaNOs 1 3.56 4.16
De-ionized water 2 3.56 4.25
3 3.56 4.28

0.1 mol L* NaNOs 1 3.56 4.23

2 3.56 4.23

3 3.56 4.29

1 mol Lt NaNOs 1 3.56 4.24

2 3.56 4.54

0.1 mol L NaNO3 0.01 mol L' NaNOs 1 3.18 3.60
2 3.18 3.65

3 3.18 3.68

0.1 mol L* NaNO3 1 3.39 3.96

2 3.39 4.00

3 3.39 4.08
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Fig. 7 Effect of pH on adsorption of Cu(Il) by unelectrodialyzed kaolinite in 0.1 mol L-* NaNOs and desorption of Cu(ll)
from unelectrodialyzed kaolinite
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Effect of lon-strength on Desorption of Copper lons Adsorbed on Surface of

Variable Charge: Kaolinite

ZOU Xianzhong! CHEN Yong! XIE Zhuowen? Al Shaoying!'

(1 Institute of Agricultural Resources and Environment, Guangdong Academy of Agricultural Sciences; Key Laboratory of
Plant Nutrition and Fertilizer in South Region, Ministry of Agriculture; Guangdong Key Laboratory of Nutrient Cycling and
Farmland Conservation, Guangzhou 510640, China)

(2 Agricultural Technology Service Promotion Center of Gaoming District, Foshan City, Foshan, Guangdong 528500,
China)

Abstract [ Objective] To investigate effect of ionic strength on desorption of Cu(ll) pre-adsorbed on the
surface of a variable charge, kaolinite was put into in de-ionized water or 0.1 mol L* NaNO; solution to
adsorbed copper ions first and then into NaNOjz solution varying in concentration from low to high for sequential
desorption. [Method] In this study, kaolinite was pretreated with electrodialysis and then underwent a series of
adsorption and desorption tests with varying pH to explore characteristics of copper ions (Cu(ll)) desorption
from the clay mineral. [Result] Similar to the findings of previous studies, the fraction of Cu(ll) adsorbed by
kaolinite increased rapidly from 0.05 to nearly 1 in solutions with pH varying within the set range (pH 3.0~6.3).
Regardless of concentrations of the electrolyte used, all the adsorption fraction curves could be fitted with
Fischer equation with the degree of fitting being over 0.999. Also noteworthy, when Cu(ll) adsorption was
carried out separately in de-ionized water and in 0.1 mol L' NaNO; solution, the same in pH, the fraction of
Cu(ll) adsorbed was always higher in de-ionized water than in 0.1 mol L* NaNOjs solution, which was attributed
to the effect of the electrolyte of high concentration in the solution inhibiting Cu(ll) adsorption. Results of this
experiment demonstrate that firstly, the adsorbed copper ions can be desorbed in de-ionized water, and the
fraction of desorbed Cu ion declines with the desorption going on round by round in de-ionized waters the same
in pH; secondly, in most cases, when the fraction of desorbed Cu ions approaches near zero, the equilibrium
solutions are basically the same in pH (about pH 5.0); this phenomenon is underatandable when the fraction of
readsorbed Cu ions is taken into account; and the last, after the first round of desorption in de-ionized water, the
phenomenon of readsorption will begin to appear only when the pH in the solution gets higher than a certain pH
value, which means that copper ions is adsorbed rather than desorbed when the equilibrium solution goes above
a certain value in pH. Results of the experiment to desorb Cu(ll) that was pre-adsorbed either in de-ionized water
or 0.1 mol L* NaNOj solution with de-ionized water for three rounds and then with NaNOs solutions varying in
concentration from low to high demonstrate that firstly, Cu(ll) that could not obviously be desorbed by
de-ionized water could be desorbed by NaNOs solution, and with rising pH, the pH-desorption fraction exhibited
a curve of ascending first and descending, which has nothing to do with concentration of the solution and rounds
of the desorption; secondly, the fraction of desorption did not vary much in 0.01 mol L NaNOs or in 0.1 mol L*!
NaNOs, which is fully understandable when the fraction of re-adsorbed in de-ionized water is taken into account;
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and the last, regardless of the concentration of NaNQg, the rising trend of the fraction of adsorption had a
relatively gental start.In most cases the desorption fraction curve had an apparent turning point where the
desorption fraction abruptly turned upwards, regardless of concentration of NaNOz and rounds of the desorption.
Although the pH of the desorption equilibrium solution at the turning point of the desorption fraction curve was
not consistent, while the pH(pHcn) of the adsorption equilibrium solution at the turning points of the adsorption
fraction curve was quite consistent, being around pH 3.6, which means that with the system rising in pH, a
similar desorption trend was observed around the turning point of the pH-adsorption curve in the desorption tests,
i.e. Cu ion desorption begins with rise and then fall regardless of adsorption condition.The findings also
demonstrate that pH (pHch) at the turning point of the desorption curve is related to the zero point of zero salt
effect (PZSE) of kaolinite. [ Conclusion] All the above described can be attributed to changes in potential of the
variable-charge surface caused by ion strength as well as hydrolysis of the edges of the kaolinite induced by
increasing pH.

Key words  Variable charge surface; Copper ions; Surface potential; Re-adsorption; Characteristic pH;
Desorption peak
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