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SELECTIVE ADSORPTION OF ZINC ON HALLOYSITE 

KOJI W ADA AND Y ASUKO KAKUTO 

Faculty of Agriculture, Kyushu University 46, Fukuoka 812, Japan 

Abstract-Zn- and Ca-adsorption equilibria of five Ca-saturated halloysite samples were measured at equi
librium Zn concentrations up to 10- 2 M in 10-4 to 10-2 M CaCI2 • The results were interpreted on K~~ vs. 
[Znj/CEC (%) plots, where K~~ is the selectivity coefficient (=[Zn)[Caj/[Ca)[Znj), Zn and Ca represent 
the adsorbed species, and CEC is the cation-exchange capacity. All Zn adsorption occurred at cation
exchange sites, and 0.77 to 36.0 meq ZnllOO g clay, which constitutes 9 to 83% of the CEC, was adsorbed 
with "high selectivities" (K~~ > 10). The higher values were found for two spherical and one "filmy" 
halloysites, whereas the lower values were found for two tubular halioysites. The magnitude of their 001 
intensity, hydration in interlayer space, CEC, and "free" iron oxide content did not correlate with the 
selective Zn adsorption, but a good correlation was found between the proportion of "high selectivity" 
sites for Zn and proportion of "high affinity" sites for H+. The adsorption of Zn at the "high selectivity" 
sites was not completely reversible, and K~~ values> 1000 were recorded in 0.5 M CaCl2 for Zn which 
occupied 10-40% of the exchange sites. Selective Zn adsorption decreased with decreasing pH, and all 
adsorbed Zn was extracted with 0.1 M HCI. 
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INTRODUCTION 

Heavy metals, such as Cu, Pb, Zn, and Cd, are found 
only in traces in soils but are concentrated under some 
circumstances with or without intention. Their defi
ciency or excess can have considerable effect on plants, 
animals, and human beings. The adsorption of heavy 
metals by clays moderates the partition of such metals 
between solid and aqueous phases in soils and controls 
their availability to plants and their concentration in 
aquifers. 

In an earlier study (Wada and Abd-Elfattah, 1979) on 
Zn adsorption by soils which differ in their major cat
ion-exchange materials, halloysite was found to be a 
very selective adsorbent for Zn. Halloysite and kaolin
ite are widespread products of hydrothermal alteration 
and weathering and are common constituents of soils 
and sediments. The cation-exchange capacity (CEC) of 
halloysite varies, but it is generally higher than that of 
kaolinite. The present paper reports the results of stud
ies on Zn adsorption by halloysite samples that are 
formed by weathering but which have different origins. 
Their adsorption capacities for Zn with specified selec
tivities were evaluated and compared with those of 
montmorillonite, kaolinite, and allophanes. Both the 
adsorption and desorption equilibria of Zn in the pres
ence of CaCI2 were analyzed. Adsorbed Zn was also 
extracted with 1 M NaCi, 1 M NH4 Ci, and 0.1 M HCI. 

MATERIALS AND METHODS 

Clay samples listed in Table 1 were used after satu
ration with Ca and air-drying. Ca-saturation was car
ried out by successive washing with I M NaCH3 COO
CH3COOH (pH 5.0), 0.5 M CaCI2 , 0.005 M CaCI2 , and 
acetone, where the pH of the sample suspension in 0.5 
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M CaCl2 was adjusted to 7.0 with Ca(OH}z. Each Ca
saturated sample contained a small amount of CaCi2 • 

The adsorption of Zn was measured by adding 7 ml 
ofZnCI2 solution containing different concentrations of 
Zn (0 to 10-2 M) to 0.1 or 0.2 g of the samples. In these 
suspensions, CaCI2 was present at a concentration be
tween 3.5 x 10-4 and 2 x 10-2 M. The suspension was 
shaken on a reciprocating shaker for 2 hr and allowed 
to stand for 24 hr at 25°C. The supernatant liquid ob
tained after centrifugation was analyzed for Zn and Ca 
by atomic absorption spectrophotometry. The equilib
rium pH was also determined using the remaining su
pernatant liquid. The amounts of adsorbed Zn and de
sorbed Ca were calculated as the differences between 
the amounts of Zn and Ca present initially in the solu
tion and those remaining after equilibration. In this cal
culation, the Zn and Ca extractable with 1 M 
NH4CH3COO (pH 4.8) + 10-2 M EDT A from the sam
ple were assumed to be involved in an adsorption equi
librium. 

The results were interpreted on K~~ vs. [Zn] plots, 
where K~~ is the selectivity coefficient defined by the 
equation 

K~~ = [Zn ] [Ca]/[Ca ][Zn], (1) 

[Zn] and [Cal are the amounts of Zn and Ca adsorbed 
(meq/IOO g), and [Zn] and [Ca] are the concentrations 
of Zn and Ca in the equilibrium solution (M). [Zn] and 
[Cal are expressed on an oven-dry clay basis, assuming 
that they are present only as divalent cations. 

In determination of the desorption equilibrium, 7 ml 
of 0.5 M CaCI2 was added to the sample remaining in 
the centrifuge tube in the adsorption measurement. The 
mixture was shaken for 2 hr, allowed to stand for 24 hr 
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Table 1. List of clay samples . 

ParticJe size CEC' " Free"z Fe 20 3 
Clay mineral Locality (/-Lm) (meq/IOO g) (%) 

Halloysite Choyo, Kumamoto < 2 43.3 3.76 
Halloysite Maui, Hawaii <100 6.6 0.11 
Halloysite Uenae, Hokkaido < 2 56.7 2.17 
Halloysite Yoake,Oita < 100 14.2 0.75 
Halloysite Naegi , Gifu < 2 7.7 0.91 
Kaolinite Ibusuki , Kagoshima < 2 7.1 0.26 
Montmorillonite Hojun , Gunma < 2 69.0 2.13 
Allophane Kitakami, Iwate < 0.2 24.2 4.02 
Allophane Choyo, Kumamoto < 0.2 51.5 7. \0 

1 The average value of [Zn + Cal values measured at different adsorption equ'ilibria for each sample saturated with Ca at 
pH 7.0. 

2 Dithionite-citrate extractable (Mehra and Jackson, 1960). 

at 25°C, and centrifuged. The amount of Zn in the su
pernatant "liquid was determined. The amount of de
sorbed Zn was estimated taking into consideration the 
amount of Zn in the solution remaining in the centrifuge 
tube after the adsorption measurement. In calculating 
the K~~ value , [Cal was approximated as 0.5 M and [Ca] 
was equated with the [Cal measured at the adsorption 
equilibrium minus the amount of desorbed Zn. 

The extraction of adsorbed Zn and Ca was studied 
using 1 M NaCl, 1 M NH4Cl, and 0.1 M HC)' The ex
perimental procedure used for extraction and deter
mination was the same as that used for determination 
of the desorption equilibrium. The effect of H+ on the 
Zn adsorption was further studied by adding 7 ml of 
ZnCI2 solutions containing an appropriate amount of Zn 
(Choyo, 10 p.eq; Maui , 1.24 p.eq; Uenae , 12.5 p.eq; 
Yoake, 0.5 p.eq; Naegi, 0.5 p.eq; Gunma, 1 p.eq) and 
different amounts of HCl to 0.2 g of the samples and 
determining their Zn adsorption. The experimental pro
cedure was the same as that used for determination of 
the adsorption equilibrium. 

EXPERIMENTAL RESULTS 

Figure 1 shows the K~~ vs. [Zn]/CEC (%) plots of two 
halloysites , one kaolinite, one montmorillonite, and 
two allophane samples. The equilibrium pH, 7.1-5.9, 
decreased with increasing Zn addition. The high [Zit] 
values (4.2 x 10- 3 M to 12.5 X 10-4 M) associated with 
the low equilibrium pH values (5.9-6.6). The latter pH 
was probably controlled by the hydrolysis of excess 
Zn2+. The [Zn +Ca] values measured at different ad
sorption equilibria were constant within ±5% of the 
average value (CEC in Table 1) for all samples, indi
cating that most of the adsorbed ZnH" is present on cat
ion-exchange sites. 

The K~~ value as defined byihe Eq. (1) measures the 
tend~ncy of the clay to adsorb Zn in preference to Ca 
from a solution containing equal concentrations of Zn 
and Ca. Generally, the K~~ value decreased with in-

creasing amounts of Zn adsorbed, where the [Zn + Ca] 
value was nearly constant for each clay. It is considered 
that Zn is adsorbed at first on sites with " higher selec
tivity" and then on sites with "lower selectivity." The 
proportion of "high" and "low" selectivity sites differ 
from clay to clay, and their differences broadly parallel 
those between the soils containing these clays as major 
cation-exchange materials (Wada and Abd-Elfattah, 
1979) . However, some soils tend to adsorb Zn more 
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Figure I. The K~~ vs . [Zn]/CEC relationships for halloysite 
(Ht-I. Choyo; Ht-2. Naegi) , kaolinite (kt), montmorillonite 
(Mt) , and allophane (A-I. Kitakami ; A-2. Choyo) samples'. . 
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Figure 2. The KI'~ vs. [Znj/CEC relationships for halloysite 
samples. 

selectively than do the corresponding clays, probably 
due to the presence of iron oxides in the former. A re
markable difference between the two halloysite sam
ples suggested that the adsorption of Zn on halloysit~s 
of different origins be examined. 

Figure 2 shows the K~~ vs. [Zn]/CEC (%) plots offive 
halloysite samples derived from different materials by 
weathering (Table 2). The equilibrium pH was 7.1-6.1, 
and the (Zn + Ca1 values were constant within ±S% 
of the average value (CEC in Table 1) for each clay, 
except the Venae halloysite for which the value de
creased from 57.3 to 55.7 meqllOO g with increasing Zn 
addition. The proportion of cation-exchange sites with 

"high selectivities" for Zn generally decreases in the 
order: Choyo = Maui > Venae > Yoake > Naegi. 
On the other hand, the amounts of Zn adsorbed above 
a selectivity coefficient of K~~ > 10 are 36.0,31.2,5.5, 
4.0, and 0.77 meq/l00 g for the Choyo, Venae, Maui, 
Yoake, and Naegi halloysites, respectively. A broad 
parallel relationship between 001 intensity (Table 2), 
hydration in interlayer space (Table 2), and CEC (Table 
1) was found. The 001 intensity decreased and the hy
dration and CEC increased in the order, Naegi , Maui, 
Yoake, Choyo, Venae. This order does not con'elate 
with that found for the proportion of "selective" Zn 
adsorption sites, nor does the content of "free" iron 
oxide (Table 1) correlate with the "selective" Zn ad
sorption. One physical characteristic which may be re
lated to the Zn adsorption is the morphology of halloy
site particles. Differences in morphology are possibly 
associated with differences in their genesis (Table 2). 
The proportion of "selective" Zn adsorption sites was 
high for the spherical halloysites, intermediate for the 
filmy hal\oysite , and low for the tubular halloysites. 

Figure 2 shows that the Kg value decreases with in
creasing amounts of adsorbed Zn, and an anomalous 
decrease of the K~~ value at very low amounts of ad
sorbed Zn. The relationships between the K~~, (Zn], 
and [Zn] values derived from each of the adsorption and 
desorption equilibria for four halloysite samples are 
shown in Figure 3. These data indicate that the anom
alous K~~ decrease occurs mostly at [Zn] < 10-6 M. 
This level of [Zn] maintained at the equilibrium pH val
ues ranging from 7.1 to 6.3 is much lower than that ex
pected in the presence of Zn(OH)2 , whose solubility 
product is 10-16_10- 17 (Sillen and Martell , 1964). Pos
sibly , Zn dissolves from more difficultly soluble com
pounds in the sample, and a slow equilibration at such 
low Zn concentrations results in the [Zn] increase over 
that predicted from the cation-exchange equilibrium. 

The K~~ value derived from the desorption equilib
rium was higher than that derived from the adsorption 
equilibrium, particularly at low [Zn]/CEC values (Fig
ure 3). Aside from the effect of the anomaly described 
above, this difference indicates that the Zn adsorption 

Table 2. Description of haJloysite samples. 

001 intenSity (I)' 

Sample 

Choyo 

Maui 
Uenae 
Yoake 
Naegi 

Parent 
material 

Pumice 

Mugearite 
Pumice 
Andesitit agglomerate 
Granite 

air-dried 
I IOAII7.5A 

23/0 

15/19 
810 

12110 
14/28 

heated at 300"C 
17.2_7.4 A 

28 

60 
10 
43 
73 

Morphology 

Sphere 

Sphere 
Film 
Tube 
Tube 

Reference 

Aomine. and Wada (1962), 
Wada et at. (1977) 

Nakamura and Sherman (1965) 
Wada and Mizota (1979) 
Aomine and Higashi (1955) 
Nagasawa (1978) 

., The 001 intensity was measured for the powder sample mounted in the cavity of a glass slide using an X-ray diffractometer . 
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Figure 3. The adsorption equilibria of Zn for halloysite sam
ples saturated with Ca (Zn ~ Ca in the legend) and desorption 
equilibria of Zn for halloysite samples which adsorbed Zn and 
Ca (Ca ~ Ca & Zn in the legend). 

at cation-exchange sites with "high selectivities" is not 
completely reversible. The difference between the ad
sorption and desorption equilibria is more manifest in 
the Maui and Naegi halloysites. A sharp difference in 
the selectivity between the "high" and "low" selectiv
ity sites is also suggested for the Naegi halloysite. The 
fact that about 20,40, and 20% of cation-exchange sites 
in the Choyo, Maui, and Venae halloysites retain ad
sorbed Zn very strongly (Kg = 1000-10,000) in the 
presence of a large excess of Ca deserves attention 
when one considers the removal of Zn from aqueous 
solutions. 

Table 3 shows the extraction of adsorbed Zn and Ca 
with different reagents. The difference in extractability 
between the adsorbed Zn and Ca is indicated by ex
traction with 1 M NaCI. The Zn adsorbed on "high se
lectivity" sites is difficultly exchanged with Na as well 
as Ca. A higher proportion of adsorbed Zn and Ca is 
extracted by NH4 , where the pH values of the NaCl, 
CaCI2 , and NH4Cl extracts were 5.9-6.2. The differ-

Table 3. Extraction of adsorbed Zn and Ca. 

Sample 

Choyo' Yoake2 

Extraction (%)' 
Extractant Zn Ca Zn Ca 

1 MNaCI 23 90 21 79 
0.5 M CaCI2 29 - • 19 - • 
1 M NH.Ci 46 100 62 85 
O.IMHCI 101 92 103 73 

1 [Zn] = 17.9 meq/lOO g; [Cal = 24.5 meq!100 g; K~~ = 

68. [Zn]/CEC (%) = 41.3. 
2 [Zn] = 1.77 meql100 g; [Cal = 12.7 meq/lOO g; ~~ = 

80. [Zn]/CEC (%) = 12.5. 
3 Percentage of [Zn] and [Cal. 
• Not determined. 

ence between Na and NH4 is attributed to high affinity 
of NH4 + to cation-exchange sites on halloysite (Oka
mura and Wada, 1979). All adsorbed Zn is recovered 
in 0.1 M HCI, indicating that H+ replaces Zn2+ very 
effectively. On the other hand, the amount of Ca re
placed in 0.1 M HCl is equal to or even smaller than 
that replaced in 1 M NaCl, though the reason for this 
is not clear. The extraction with 0.1 M HCl has been 
used to assess the availability of soil Zn to plants. The 
result indicates that the test can not distinguish between 
Zn adsorbed on "high" and on "low" selectivity sites, 
at least in halloysite under weakly acid to neutral con
ditions. 

Figure 4 shows the adsorption of Zn by two samples 
ofChoyo and Yoake halloysites; one was air-dried, and 
the other was dried at 105eC. Heating at 10SOC resulted 
in a decrease in the CEC from 43.3 to 36.0 meq/l00 g 
for the Choyo halloysite; the proportion of the cation
exchange sites with "high selectivity" for Zn also de
creased, though some remaining exchange sites still 
strongly adsorbed Zn. The heating resulted in a CEC 
decrease from 14.5 to 11.3 meq/lOO g for the Yoake hal
loysite, but the difference in the Zn adsorption between 
the two samples was small. Apparently exchange sites 
in the interIayer space are not a primary cause for the 
high selectivity for Zn. 

Effects of successive dithionite-citrate and 2% 
N a2C03 treatments for removal of' 'free" oxides (Wada 
and Greenland, 1970) on Zn adsorption were also stud
ied on the Choyo halloysite containing the largest 
amount of "free" Fez0 3 (Table 1). The treatments re
sulted in about 5% CEC decrease and a K~~ decrease 
at [Zn]/CEC ~ 20. The magnitude of the Kg decrease 
was comparable with that found for the sample dried 
at 105eC (Figure 4). The results indicate that "free" 
oxides affect and contribute to Zn adsorption by the 
Choyo halloysite but are not the main cause of its high 
selectivity for Zn. 

Table 4 shows the effect of HCl addition on the ad
sorption of Zn and Ca by halloysite and montmorillon-
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Figure 4. The K~~ vs. [Zn)ICEC relationships for halloysite 
samples air-dried and heated at 105°C. 

ite . the addition of HCI resulted in decrease of [Zn + 
Cal by a preferential adsorption of H+, and possibly in 
development of positive charge on the Choyo and Uen
ae halloysites. The [Zn + Cal decrease with decreasing 
pH follows the order Maui > Choyo, Uenae > Yoake > 
Naegi, which parallels the order in which the propor
tion of cation-exchange sites with "high selectivities" 
for Zn decreases. The [Zn]/[Zn + Cal ratio increases 
or decreases slightly, but the associated Kg values are 
much lower than those given in Figure 2. The results 
indicate that the charge sites showing high affinities for 
H+ are responsible for the selective Zn adsorption by 
halioysite . In the montmorillonite, the proportion of the 
exchange sites showing high affinities for H+ is very 
small, yet those developed at pH 6.9 exhibit "high" 
selectivity for Zn. These exchange sites are most prob
ably edge OH groups. The exchange sites due to ionic 
substitution exhibit little preference for Zn over Ca. 

DISCUSSION 

Adsorption of cations on oxides has been discussed 
in terms of two different reactions , namely " non-spe
cific" and "specific" adsorption. The "non-specific" 
adsorption refers to adsorption of cations by simple 
coulombic interaction in the diffuse electric double lay
er. On the other hand, the "specific" adosrption refers 
to adsorption of cations in the inner layer forming bonds 
to surface Al or Fe atoms via 0 atoms or OH groups 
(Bowden et al., 1977; Schwertman and Taylor, 1977). 
Cations are classified into two groups, "non-specifi
cally" adsorbing cations, such as most alkali and al
kaline earth cations , and "specifically" adsorbing cat
ions, such as ZnH

, CuH , and Pb2+. 

Table 4. Effects of HCI addition on Zn and Ca adsorption by halloysite and montmorillonite. 

HCI added [ZnJ [CaJ [Zn + Cal' [ZnJ/[ZII + Cal 
Sample (meq/IOO g) pH (ILM) (mM) (meqllOO g) (%) K~; 

Halloysite 
Maui 0 7.0 0.15 0.44 6.70 (1.00) 9.9 310 

4 6.4 9 0.85 3.62 (0.54) 16.6 19 
6 4.9 38.5 1.02 2.13 (0.32) 17.8 5.7 

Choyo 0 6.9 0.6 1.05 44.2 ( 1.00) 3.6 260 
20 5.1 135 3.5 24.3 (0.53) 19.8 6.4 

Venae 0 7.0 0.9 1.44 56.8 ( 1.00) 13.2 243 
20 5.9 49.5 3.91 35.8 (0.63) 19.7 19 
30 4.7 285 5.0 25.7 (0.45) 24.2 It 

Yoake 0 6.8 0.1 0.28 12.0 (1.00) 2.3 86 
4 6.0 0.3 0.72 8.64 (0.72) 3.0 73 
6 5.3 1.75 0.94 6.98 (0.58) 3.7 21 

Naegi 0 6.7 0.45 0.39 7.29 (1.00) 3.6 31 
2 6.1 12.5 0.50 6.39 (0.88) 2.7 l.l 

Montmorillonite 
Gunma 0 6.9 0.25 4.45 69.0 ( 1.00) 0.81 158 

7.5 4.9 20.5 5.05 64.0 (0.93) 0.77 1.5 

1 The values in parentheses give the ratio to the highest value . 
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The findings in the present and previous studies 
(Wada and Abd-Elfattah, ]978, 1979) indicate that the 
adsorption sites for the "specifically" and "non-spe
cifically" adsorbing cations, i.e., Zn and Ca, are not 
different at least in clay minerals, and that their pH-de
pendent cation-exchange sites can be potential adsorp
tion sites showing "high" selectivities for Zn. The re
actions studied can be formulated as follows : 

where CaH and Zn2+ represent hydrated species, Zn 
represents dehydrated species, and -0- and -[X04t 
represent exchange sites due to ionized surface OH 
group and ionic substitution, respectively. The stability 
of the Zn complex formed involving deprotonated OH 
groups a.s ligands can be greater than that of the Ca and 
Zn ion-exchange complexes. The stability of these 
complexes will differ depending on the nature of sur
face OH groups and the kinds of ionic substitu
tion and the sterical relationships between neighbor
ing cation-exchange sites. The first hydrolysis constant 
of Zn2+, 10-8.96_10-9.36 (Silh~n and Martell, 1964) sug
gests that ZnOH+ contributes significantly only above 
pH 7 in solution, but the surface reaction 

-0- -OZnOH 
Ca2+ + Zn2+ + H20 ;:= + Ca2+ or 

-0- -OR 
-O-ZnOH+ 

+ Ca2+ (c) 
-OH 

can not be excluded. Any of the reactions (a), (b) , or 
(c) can explain the observed stoichiometry. The com
plex formation of various metals with deprotonated 
surface OH groups as bidentate and monodentate li
gands has been reported for silica and other oxides by 
several investigators (e.g. , Davis and Leckie, 1978). 

The origin of cation-exchange sites in halloysite has 
not been established (Dixon, 1977). Yoshida (1970) and 
Wada and Okamura (1977) estimated that 80-85% ofthe 
Gation-exchange sites in halloysite are due to perma
nent negative charge, using AJ3+ or NH4 + as an index 
cation. The differences in the affinity of the cation-ex
change sites for Zn2+ (Figure 2) and H+ (Table 4) be
tween the halloysite samples is interesting in suggesting 
that the mechanism of charge development is different, 
possibly depending on their genesis. 
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PelIOMe---H3MepRnHCh al\COp6l.\HOHHhie paBHqBecHR Zn H Ca B nRTH 06pa3L\ax rannya3HTa, HaChlll.\eH
Horo Ca np" paBHoBecHblx KOHIWHTpaL\HR:;' Zn 11.0 10- 2 M B 1()-4-IO-' M CaCI,. Pe3YJlbTaTbi 
a,HanH3HpoBanHcb C nOMOll.\htO rpa¢lHKoB 3aBHCHMOCTll K~~ H [Zn)lKOC (%), fl\e Kt~ = lTO KOl!\>
!\>HL\HeHT ceneKTHBHOCTH (= [Zn)[Ca)/[Ca)[Zq]; Zn H Ca npel\CTaBJlRIOT al\Cop6HPOBaHHbie pa3HOBH)!,
HOCTH, a KOC = KaTII.OHH~ 06MeHHaR crrqc06HOCTh. BCR aACOp6L\HR Zn rrpOHCXOI\Hna B MeCTax 
06MeHa KaTHOHOB, H OT 0,77 1\0 36,0 MlKZnllOO f tnHHbl, 'ITO COCTaBMeT OT 9 1\0 83% KOC, 
6h1J1o aAcOp6"pOBaHO C "BbICOKHMH ceneKTHIlHoCTHMH" (K~~ > 10). EOJlee BhlCOKHe BeJlH'IHHbl 6blJlH 
o6HapYIKeHbi I\M I\ByX c!\>epH'leCKHX H OJ\Horo "rrJleHO'lHOrO" faJIJIya3HTa H 60Jlee HH3KHe Benll.'lHHhI
AIDI J\ByX Tpy6'IaThlX raJInya3HToB. BeJlM'IJolHa HX HHTeHCHBHOCTH 001, rHl\poTal\HH B MelKCJlOHHOM 
rrpoCTpaHCTBe, KOC, H COl\eplKaHHe "cBo60AHoH" OKHCH lKeJle3a He corJlaCYIOTCR C CeJleKTHBHOH 
aAcOp6J.(HeH Zn, HO 6hlJla YCTaHOBneHa xopornaR KOppeJlRI.\HR MelKJlY npOrrOpl.\HeH MeCT "BhICOKOH 
CeJlCKTHBHOCTH" I\nH Z'n H rrpOnOpl.\HeH MeCT " BhlcoKoro" CpOI\CTBa i\llR H+. AJ\cop6J.(HR Zn B 
MecTax " BhlCOKOH ceneKTHBHOCTH" He 6h1JI<i. nonHOCThlO 06paTHMOH, a BeJlH'IHHhl K~~ > 1000 6hlnH 
06HapYIKeHbi B 0 ,5 M CaCI, .lIJlH Zn, KOTOPblH 3aHHMaJI 10-40% MeCT 06MeHa. CeJleKTHBHaR al\cop6-
L\HH ZnYMcHhlllanach c , rrOHlIlKeHHeM pH, II. BeCh aACOp6HpoBaHHhiH Zn 6blJI H3Bne'leH C rroMOll.\hlO 
0,1 M Hel. [N.R.) 

Resiimee---Die Zn- und Ca-Adsorptionsgleichgewichte mnf Ca-gesattigter Halloysitproben wurden bei 
Zinkgleichgewichtskonz~ntrationen bis zu 10-2 M in 10- 4 bis 10- 2 M CaCI, gemessen. Die Ergebnisse wur
den in Diagrammen, in denen ~~ gegen [Zn)/CEC(%) aufgetragen ist, interpretiert, wobei ~~ der 
Selektivitlitskoeffizient (=(Zn)[Ca)/[Ca)[Zn) ist, Zn und Ca die adsorbierte Ionenart darstellt, und 
CEC die Kationenaustaqschkapazitlit ist. Jede Zn-Adsorption findet an Kationenaustauschplatzen statt, 
und 0,77 bis 0,36 mAq Znll00 g Ton, die 9 bis 83% der CEC ausmachen, wurden mit "hoher S'elektivitiit" 
(~~ > 10) adsorbiert. Die hoheren Werte wurden bei zwei kugelfOrmigen und einem "filmy" Halloysit 
gefunden, die niedrigenin Werte hingegen bei zwei rohrenformigen Halloysiten. Die GrQf1e ihrer 001-
intensitlit, die Hydratation im Zwischcnschichtraum, die CEC, und der "freie" Eisenoxidgehalt korreliert 
nicht mit der selektiven' Zn-Adsorption. Eine gute Korrelation wurdejedoch zwischendem Verhii.ltnis 
von Platzen mit "hoher Selektivitat" f1ir Zink und dem Verhaltnis von Pllitzen mit "hoher Selektivitat" 
fur H+ gefunden. Die Adsorption von Zn an die Plii.tze "hoher Selektivitlit" war nicht vollstandig reversibeL 
IQ~-Werte > 1000 wurden fur Zn in 0,5 M CaCI2 verzeichnet , das 10-40% der Austauschplii.tze besetzt. 
Die selektive Adsorption von Zn nimmt mit abnehmendem pH abo Alles adsorbierte Zn wurde mit 
0,1 M HCl extrahiert. [U.W.) 

Resume-Les equilibres d'adsorption-Zn et -Ca de cinq echantillons d'halloysite satures de Ca ont ete 
mesures it des concentrations d'equilibre Zn jusqu'a 10- 2 M dans 10-4 it 10-2 M CaCl,. Les resultats ont 
ete interpretes sur des diagrammes K~~ vS. [Zn )ICEC (%), ou K~~ est Ie coefficient de selectivite (= [Zn)[Ca)l 
(Ca)[Znj), Zn et Ca representant les especes adsorbees, et CEC est la capacite d'echange de cations . Toute 
I'adsorption Zn s'est passee sur des sites d'echange de cations , et de 0 ,77 it 36,0 meq ZnllOO g d'argile, ce 
qui constitue de 9 it 83% de la CEC, ont ete adsorbees it de " hautes.selectivites" (K~~ > 10). Les valeurs 
les plus hautes ont ete trouvees pour deux halloysites spheriques et une halloysite " recouverte d'un film ," 
tandis que les valeurs les plus basses ont ete trouvees pour deux halloysitestubulaires. La magnitude de 
leur intensite 001, J'hydration dans I'espace inter-c9uche , la CEC, et Ie contenu en oxide de fer "Iibre" 
n 'ont montre aucune correlation avec I'adsorption selective Zn, maisune bonne corn~lation a ete trouvee 
entre la proportion de sites it "haute se\ectivite" de Zn et la proportion de sites it "haute affinite" pour 
H +. L'adsorption de Zn aux sites de "haute selectivite" n 'etait pas completement reversible, et des valeurs 
K~~ > 1000 ont ete observees dans 0,5 M CaCI2 pour Zn qui se trouvaient dans 10-40% des sites d'echange. 
L'adsorption selective Zn a diminue it mesure que Ie pH decroissait, et tout Ie Zn adsorbe a ete extrait par 
0.1 M HC!. [D.J.) 

327 

https://doi.org/10.1346/CCMN.1980.0280501 Published online by Cambridge University Press

https://doi.org/10.1346/CCMN.1980.0280501



