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Table 1 Basic properties of soils tested

. FH 2 7 28 it Uig=E7R XS y

+- 4 b BT ) pH Bk

. . o CEC Free Fe,0; Total iron . . )

Soil Locality OM /(g'kg™) . . . (KC1 ) 1:2.5) Clay minerals”

/(cmol-kg™) (g-kg™) oxide /(g-kg™)
Z15 VLG BT
Ali-Haplic Jinxian, 4.58 11.07 33.23 39.50 3.78 K,I,G,Q,
Acrisol Jiangxi
BRI T 214 =R
Hyper-Rhodic Kunming, 36.21 16.51 48.83 148.33 3.78 K,G,Q,I,H(Go),F

Ferralsol Yunnan

1) KCI: 1 mol-L™"; 2) F, KA Feldspar; G, =7K4 41 Gibbsite; Go, £ 4k%" Goethite; H, 1% {7 Hematite; I, /K z 1 Hydrous mica; K, %

I f7Kaolinite; Q, 1 ¥:Quartz

1.2 MARF*

B I B SE S RAE RN 1.000 ¢ T AIEE
R YL 1100 mL a0 H, A S AR
0.01 mol-L™' NaOHEL0.01 mol-L™" HNO, V& & i ¥
M pHM 28 F/K18 mL, Frn AR b & O 4 1 7
SEHG,  DAORIE B 4 W B SR8 8 BN, ST p HYE
FEITE3.0 ~6.52 08, HAFESA0AmEREEE. A
£, 2 5K DY 96 0 TR0 /N T Bk A B A0 /N B A B R
SPIRE B . E T 12 hE AR I RS N
2 mL 0.01 mol-L™" Cu(NO,),brtE W, THIEIR &4
P4 h (25°C, 220 r-min™") o WP S, DA
3200 g/ A B0 J1E 04 min, HIH BIEWR,
43 B 5 LR IE TN S pH, — B 43 i TR Tl 1% W i
% CAAS) D52 BB IR P o rh W B AT i ¥ v
BE T IR FE 2= H BB oA (R W B 4 B 1 g
FOmN S FREM ) « M2k ES, W
SHEBARE 3K E S .

BB SRR SR K B IRSREE O

FRE, THE LR (We-W , bk
BRI Cu(IDKRE, HHRZEE. MACHE
£0.01 mol-L™' NaOHZ{0.01 mol-L™' HNO, ¥ ¥ i
Wi pHI R B 7K, B AN vl i pH S 4%
2 i W PR ot b R R B AR R 5 B P S R p H
BEAR 8, HERAWBAAEFIH20 mL. H)5seiid
P2 [F) W B S 58 o R IR e R, EE B
Fio M IR AR 2 3 R NaN O, 1% R 4k 22 fif e,
S AR b, H R ZIKENaNOfRR R & T,
Cu(Il) =R R T 10% M1k, HJa 8 M e
— U NaNO & 4k B W, T2 P FH Al MRk 152
N1 mol-L™' NaNO; A1k« B ~F i 74 BN 52 )
Cu(I1) ¥ BT H P AR b Cu (1) B &, k25 T
THAE AT Cu(1D) PR B &, 45 3HZAE R Cu(1T) fil i &
FRRIR o1 Rl e IR ) 25 1 B0 o e O B 4 25 1 4
EIHAE) o AERWCIBAR BE A BRI 53 2
B7K (37D + 0.01 cmol-L™" NaNO, (37%) .
0.1 mol-L™" NaNO; (37%) #ll mol-L™' NaNO, (2
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Fig. 1

45

pHX ] A8 LA A 22 B 1K 0.1 mol- L™ NaNO, i i A W B 45 55 1 1)

Effect of pH on the adsorption fraction of Cu(II) on variable charge soils in de-ionized water or a 0.1 mol-L™' NaNO, solution

50 55 7.5

pH

60 65 70

IS
5

M

32 FrischerFEHIASH

Table 2 Parameters of the fitting function shown in Frischer Equation

+ 1 2 5 R
pH. b c R pHso
Soil Adsorption solution
AR £ F7/KDe-ionized water 4.45 3.03 1.38 0.998 4.29
Ali-Haplic Acrisol 0.1 mol-L™' NaNO, 4.88 6.47 0.67 0.999 4.70
B s 21 8 2B F/KDe-ionized water 4.28 5.61 1.09 0.996 4.12
Hyper-Rhodic Ferralsol 0.1 mol-L™' NaNO, 4.54 3.76 0.99 0.999 4.35

2.2 MRS FERE T KPRESER
P AT A HL A SR B AR S R, R R TOK

ORI, A o3 B B p HIK AR AL A 100 40 B 2 B 7

I AE AR, W, TR I R T R
I ECE G, BT pHAR 5.0 A 1, KE G
BN, R B IR AR B T 3 T AE R B T K R R,
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Fig. 2 Variation of Cu(II) desorption in de-ionized water with rising pH (a & c: adsorbed in de-ionized water; b & d: adsorbed in 0.1

mol-L™' NaNO,)(Data in ¢ come from reference [ 4 ])

oy BB p HA BRI S8 R Fe, HAE A RIpH %
PR R W oA it 088 MR B0 8 o T 9 2 o B
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ApHA A 2 AF R, i B8 1 i W 43 {5 1 K/ th 3 B
PRV IR B HE I R B 3) M EE AR PR NaNO,
RV, 0.1 mol-L™" NaNO, & il W 43 18 fxt
K 4D (EMREWA A S RIIE I 2Z /7, 50 B & 0 g
W i 28 H A — AT LGP BT R S) Y
FAAS TR B N aN O 3 75 0 3E AT Al B, TG 1 il R IR
B, TERIBAIEOLT , fFR R 28 1 35 W] L I AR
{ELTF U6 2 3 0 (0 3 25, L3 5 BT S5 B PR p H g
(pHyyy) WEEA—F, WRIFEY S RpHZILT
PSR — 8 (RIMEL) AR N:
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NaNO,; bAlle: 0.1 mol-L™"' NaNO,; cHlf: 1 mol-L™" NaNO,) (d-fE4EEE ik [4])
Fig. 3 Variation of desorption of Cu(Il), pre-adsorbed in de-ionized water, with rising pH in NaNO; solution, relative to concentration

of NaNO; (a&d: in solution 0.01 mol-L™" in NaNO;; b&e: in solution 0.1 mol-L™" in NaNO,; c&f: in solution 1 mol-L™" in NaNO;) (Data

in d - f come from reference [4])
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31 desorption
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Fig. 4 Variation of desorption of Cu(II), pre-adsorbed in 0.1 mol-L™" in NaNO;, with rising pH in NaNO, solution relative to

concentration of NaNO, (a&d: in solution 0.01 mol-L™" in NaNOs; b&e: in solution 0.1 mol-L™" in NaNO,; c&f: in solution 1 mol-L™" in

NaNO;)
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W Fr, ARSI S, BR T 1 mol-L™ NaNO,4b, K, SR ABKP- F W A MR W o B A S A R ) 2
M0 AT, AT AR L RS AR M E AR (HAE TIRRMR. (B8 — 322, BRI MR 1 3R A )
1 mol-L™' NaNO WM M, "I s fif B3 W, AR T A pHy B A — 2, E)
Bl . RN, FHECZIHE, BRPIASZIE T MV ORI, pHyyp BRI R R AL, [H]

R3 KRR FETH R pHAXS R pHpyy

Table 3 pH of the turning point and corresponding pH,, in the Hyper-Rhodic Ferralsol relative to condition

Wz B AR AR I PHups 4 5ipH

Adsorption solution Desorption solution Round of desorption pPH.q pH of the turning point

EKBTFIK 0.01 mol-L™' NaNO, 1 3.88 4.45

De-ionized water 2 3.88 5.00

3 3.88 5.50

0.1 mol-L™' NaNO, 1 3.88 4.39

2 3.88 4.52

3 3.88 4.54

1 mol-L™' NaNO, 1 3.88 4.25

2 3.88 4.30

0.1 mol-L™ NaNO, 0.01 mol-L™' NaNO, 1 3.74 4.30

2 3.74 4.41

3 3.74 4.47

0.1 mol-L™' NaNO, 1 3.74 4.22

2 3.74 4.25

3 3.74 4.35

1 mol-L™" NaNO, 1 3.74 4.13

2 3.74 4.28

FT4 LIIEEFHE TR S pHIT N pH gy,

Table 4 pH of the turning points and corresponding pH,, in the Ali-Haplic Acrisol relative to condition

2 5 it IR fif WL R B PH s pH

Adsorption solution Desorption solution Round of desorption pH.a pH of the turning point

LEFK 0.01 mol-L™"' NaNO, 1 3.78 4.41

De-ionized water 2 3.78 4.48

3 3.78 4.15

0.1 mol-L™' NaNO, 1 3.78 4.23

2 3.78 4.27

3 3.78 4.05

1 mol-L™" NaNO, 1 3.78 4.20

2 3.78 4.31

0.1 mol-L" NaNO; 0.01 mol-L™' NaNO; 1 3.53 4.34

2 3.53 4.41

3 3.53 4.12

0.1 mol-L™' NaNO, 1 3.53 4.16

2 3.53 4.22

3 3.53 3.98

1 mol-L™" NaNO, 1 3.53 4.16

2 3.53 4.41
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Effect of Ion-strength on the Desorption of Copper Ions Adsorbed by Variable
Charge Surface: Variable Charge Soils

ZOU Xianzhong' CHEN Yong' XIE Zhuowen® Al Shaoying1+

(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 in depth effects of ionic strength on desorption of Cu(II)
pre-adsorbed on surface of variable charges, two variable charge soils, Ali-Haplic Acrisol and Hyper-
Rhodic Ferrasol were employed in a successive desorption experiment, in which the soils had been pre-
treated with copper ions in de-ionized water or 0.1 mol-L™' NaNO, for adsorption and were then treated
with a series of NaNOj stripping solutions with concentration ranging from low to high, to desorb the pre-
adsorbed Cu(Il) from the soils. [Method] In this study, the two variable charge soils were pretreated
with electrodialysis and then subjected to a series of adsorption and desorption tests with varying pH in
an attempt to characterize copper ion (Cu(ll)) desorption from clay minerals. [Result] Similar to the
findings in the studies on kaolinite, Cu(Il) adsorption of the soils increased rapidly from 0.05 to nearly 1
in score value within the range of the pH set for this research (pH 3.0 ~ 6.3). No matter what concentration
of the electrolyte used, all the adsorption score value curves could be fitted with Fischer equation and the
degree of fitting reached as high as 0.996 or more. Also it was noteworthy to note that when adsorption
occurred in de-ionized water or 0.1 mol-L™' NaNO, solution, the same in pH, Cu(Il) adsorption was always
higher in de-ionized water than in 0.1 mol-L™' NaNO; solution in score value, which was attributed to the
effect of the high concentration of electrolyte in the solution inhibiting Cu(II) adsorption. The findings
of this experiment indicate, 1) that the adsorbed copper ions can be desorbed in de-ionized water and the
desorption will decline in score value with desorption going on round after round in the waters the same
in pH; 2) that in most cases, pH of the equilibrium liquid remains basically the same, around pH5.0, when
the desorption lowers down to almost zero in score value; and 3) that the phenomena of re-adsorption will
occur during the first round of desorption in de-ionized water only with pH above a specific pH, when the
soils are pre-treated in 0.1 mol-L™' NaNO, solution, which means the copper ions will be adsorbed rather
than desorbed when the equilibrium liquid is above this specific value in pH. Compared to Ali-Haplic
Acrisol, Hyper-Rhodic Ferrasol is much lower in Cu(Il) re-adsorption threshold. Similar to what happens
in kaolinite, the results of sequential Cu(Il) desorptions with NaNO; solutions varying in concentration
from low to high after the soils that had been pre-treated in either de-ionized water or 0.1 mol-L™' NaNO,
solution, were subjected to three rounds of desorption with de-ionized water demonstrate 1) that Cu(Il) that
could not apparently be desorbed by de-ionized water, can be desorbed by NaNO; solution, and all the score
value curves of pH-desorption follow a trend of rising first and then declining with rising pH regardless
of concentration of NaNOj; or rounds of desorption; 2) that the score value of Cu(Il) desorption peaks in
0.1 mol-L™" NaNO;, solution; and 3) regardless of the concentration of NaNO,, there is a relatively gradual

rise process before the desorption begins to soar up in score value. In all the case, Ali-Haper Acrisol is
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higher than Hyper-Rhodic Ferrasol in Cu(II) desorption score value, and in most cases the desorption score
value curve has an apparent turning point where the desorption score value abruptly soars up, regardless of
concentration of NaNO; and rounds of desorption. Although the desorption equilibrium suspensions are not
consistent in pH at the turning points, however, the pH at the turning points corresponding to the pH,, of
the desorption equilibrium suspensions are quite consistent, lingering around a special pH, that is, pH3.5,
for Cu(Il) adsorbed in de-ionized water, and pH3.18 or pH3.39 for CU(II) adsorbed in 0.1 mol-L™' NaNO,
solution, which means that the copper ions adsorbed near the turning points of the pH-adsorption curves under
any adsorption conditions exhibit a similar tendency in the desorption tests, that is climbing gently first and
then abruptly soaring up with rising pH of the system. [Conclusion] All the above-descrobed phenomenon
and differences can be attributed to the difference between the two variable charge soils in content of iron
oxide and the difference between iron oxide and kaolinite in nature of the surface charge.

Key words Variable charge soil; Copper ions; Re-adsorption; Characteristic pH; Desorption peak
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