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THE SYNTHESIS OF ZINC SILICATES AT 20°C 
AND ATMOSPHERIC PRESSURE 
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Abstract-Zinc silicates were synthesized under conditions analogous to surficial weathering environ
ments. The main product, regardless of conditions of precipitation or ageing, was shown by X-ray, ix., 
electron microscopic and chemical evidence to be a 2:1 layered zinc silicate equivalent of stevensite. In 
the presence of aluminium, a 1:1 layered zinc silicate was formed as well, in confirmation of published 
work. The stability of the zinc silicate, in relation to carbonate, was favoured by the presence of aluminium 
in the lattice and silicic acid in the equilibrium solution. Zinc layer silicates were formed under conditions 
that generated orthorhombic zinc hydroxides and/or basic salts in the absence of silicon; the involvement 
of the brucitic zinc hydroxide (a-form), as proposed by earlier workers, could not be supported. Crystalline 
zinc layer silicates were formed by the slow evolution of the initial gels. Such layer silicates, but not wille
mite or hemimorphite, could have an important role in the control of chemical reactions of zinc in soils. 

INTRODUCTION 

Zinc silicate minerals such as willemite (Zn2 Si04) 
and hemimorphite [Zn4Si207(OHh. H 20] and sau
conite, with the generalized composition (Si,AI)s 
(AI,Fe,Mg,Zn)602o(OH)4' are found in nature in the 
oxidation of some sulphide ore bodies. Laboratory 
studies by Roy and Mumpton (1956) and Esquevin 
(1960) have contributed to our knowledge of the for
mation and relative stability of such minerals. Roy and 
Mumpton's work was carried out at elevated tempera
tures (I3G-730°C) and pressures (34·5-276 bar) and 
showed that willemite and hemimorphite were more 
stable than sauconite which was only formed with diffi
culty. Two-layered zinc silicates (I :1) of the antigorite 
type were not formed. Their results suggested that wil
lemite might not form below 2500 e whereas pure sau
conite was stable up to 210°C. Esquevin's work, mainly 
at IOOoe and under atmospheric pressure, extended 
this study to conditions more applicable to the sub
aerial environment. He reported that hemimorphite, 
willemite and 2: 1 layer silicates were formed but not 
the zinc equivalent of antigorite. Esquevin suggested 
that zinc added to soils may be fixed by the formation 
of wiIIemite or hemimorphite. 

In studies of the reactions of heavy metal cations 
with clays and alumina at 20oe, Tiller (I 968a,b) has 
shown that the adsorption of either zinc or silicic acid 
by silicate clays will favour the removal of the other 
from solution. Precipitation of zinc in the presence of 
clay was also favoured by the presence of silicic acid. 
The possibility of a zinc silicate phase at clay edges or 
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existing separately could have important implications 
in the chemistry of zinc in soils and sediments. 

The aim of these experiments was to study further 
the formation of zinc silicates but under conditions 
more appropriate to low temperature environments, 
especially soils. Experiments at higher temperatures 
were a voided because the advantage of higher reaction 
rates could be offset by the formation of compounds 
with a different stability field. 

MATERIALS AND METHODS 

General procedures 

Experiments were conducted in a constant tempera
ture room at 20 ± 1°C. Details of procedures are given 
later. Monomeric silicic acid was considered the 
appropriate source of silicon since it is the common 
form of silicon in soil solution (McKeague and Cline, 
1963) and probably other weathering environments. 
This was prepared by passing potassium silicate solu
tion of the required concentration through a hl+ -satu
rated, strongly acidic cation exchange resin. All preci
pitations were carried out in polyethylene bottles or 
polypropylene tubes. 

Dialysis was carried out using seamless cellulose 
tubing. The distilled water used for dialysis was 
changed regularly for several months, frequently at 
first, but less so later. 

X -ray diffraction 

X-ray diffraction analyses were carried out with a 
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5·73 cm dia. camera using Co Ko: radiation. The pat
terns obtained were measured and compared with 
reference standards (le.P.D.S., 1972). Visual compari
sons were also made with standard photographs where 
possible. All samples were examined after drying at 
room temperature: many samples were also re-exam
ined after heating at 110°C or higher, and some, after 
treatment with glycerol. 

Infra-red spectroscopy 

Infra-red spectra were recorded on a Pe~kin-Elmer 
Model 521 spectrophotometer using KBr discs of the 
samples after drying at 50°e. The discs were pressed 
(440 bar) under vacuum. 

RESULTS 

Preliminary experiments 

In preliminary experiments, zinc was precipitated 
during a period of about 20 min in solutions contain
ing 1·85 x 10- 3 molar silicic acid, by neutralization of 
zinc chloride with dilute sodium hydroxide solution. 
The pH of precipitation was varied but not maintained 
constant. The reactants varied in Si/Zn molar ratio 
from 0·67 to 3·00: the products were stored in suspen
sion for periods from 2 to 40 days. All products were 
amorphous to X-rays and formless under the electron 
microscope. 

Experiments with controlled conditions of precipitation 
and ageing 

(a) Agedfor 10--12 weeks. Zinc compounds were pre
cipitated over a period of about 2 hr by adding zinc 
chloride solution to about I litre of solution containing 
approximately 2 x 10- 3 molar silicic acid and the 
required electrolyte. The reactants were well stirred 
during precipitation and the pH maintained constant 
by addition of the appropriate base. Aluminium was 
introduced as aluminate in sodium hydroxide solution 
when required. Precipitates were aged, either as preci
pitated or after dialysis against distilled water. In the 
former case, the appropriate pH was maintained con
stant. Experimental conditions included variable Si/Zn 
ratio (0'64--1·20), pH (6'5--9'0), and electrolyte (M 
NaCl, 0·05 M CaClz, 0'01 M CaClz, or none), addition 
of Al and the two methods of ageing. 

Most products prepared by precipitation in the pres
ence of low or no added electrolyte and aged without 
dialysis are effectively amorphous to X-rays although 
a few weak reflections are present, which are associated 
with layer silicates. The electron microscope showed 
that all samples consist mainly of formless material; 
some dialyzed, aluminium-free samples also contain 

many well defined platelets (0·2!lm x 0·5 !lm x 10--20 
A). These are presumed to be due to a zinc carbonate 
phase, probably subcrystalline hydrozincite 
(2ZnC03 • 2Zn(OH)z), because of the i.r. spectra. Infra
red data also showed that all products regardless of ex
perimental conditions are incipient 2: I layer silicates 
(see later). 

(b) Aged for at least 1 yr. Most of the products 
referred to under (a) above were permitted to age for 
much longer periods, some as long as 7 yr. For confir
mation additional experiments were performed under 
sterile conditions using autoclaved, filtered solutions 
to minimize the possibility that bacterial products 
might affect the evolution of crystalline products. This 
precaution did not affect the results. 

X -ray diffraction data 

The ageing of precipitates for I yr at 20°C resulted 
in well defined diffraction patterns of broad lines. The 
patterns became a little more distinct on further ageing 
of precipitates up to 2 yr but there was no further 
change up to 7 yr, apart from some sharpening of the 
hydrozincite lines when present. An example of the 
kind of pattern obtained is shown in Fig. I. The 
minerals identified in the various products together 
with the corresponding experimental conditions are 
summarized in Table I. Examples of the X-ray diffrac
tion data are given in Table 2. 

The aluminium-free products consisted mainly of a 
2: I layer silicate, the intensity of the diffraction pattern 
being favoured by higher pH conditions and lower 
electrolyte concentration during precipitation and by 
ageing without dialysis. Hydrozincite was also pro
duced, especially when the products were dialyzed. 

The products containing aluminium consisted of the 
2:1 layer silicate and a second mineral with a spacing 
at about 7-4 A which could only be assigned to a I: I 
layer silicate. Willemite was not identified in any pro
ducts: hemimorphite occurred in only one. 

The diffraction band at 12 A in the pattern of both 
air-dried samples, collapsed to 11 A on heating the 
sample at 110°C, and irreversibly to 10 A at 300°e. No 
pattern remained after the samples were heated at 
500°e. On treatment with glycerol, the pattern of the 
type sample, SI4/3, sharpened a little but there was no 
swelling. 

Electron microscopy 

Many of the products examined under the electron 
microscope consist of more than one phase. The 
second phase is commonly amorphous. Sample S14/3 
is representative of those products which appeared to 
consist of one phase under the electron microscope. As 
illustrated in Fig. \, the micrographs show aggregates 
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Fig. I. Electron micrograph and X-ray diffraction of sample S14/3 after ageing 2 yr at 20'C. 

Table I. Mineral composition of products aged at least I yr at 20°C 

Experimental conditions M inerals present 
Precipitation Ageing 

Sample No Hydro- Hemi-
no. pH Salt Dialysis dialysis 2:1 1:1 zincite* morphite 

S3/1 7·5 M NaCI * M T 
2 8·5 M NaCI * M T 
3 7·5 0·05 M CaCI1 M T 
4 8·5 0·05 M CaCI1 * M T 
5 7·5 None added M T 
6 8·5 None added M T 
7 7·5 0·01 M CaCl1 M T 
8 8·5 0·01 M CaCl1 M T 

S4!1 7·5 M NaCI * M P 
2 8·5 M NaCI M P 
3 7·5 0·05 M CaCI 2 M P 
4 8·5 U·U5 M CaCl2 M P 
5 7·5 None added M P 
6 8·5 None added * M P 

S6/lt 7·5 M NaCI M P 
2 7·5 M NaCI M P 
3t 8·5 M NaCI M P 
4 8·5 M NaCI M P 
5t 7·5 None added M P 
6 7·5 None added M P 
7t 8·5 None added * M P 
8 8·5 None added * M P 

S14/1 7·5 M NaCI M 
2 7·5 M NaCl M T P 
3 7·5 None added * M 
4 7·5 None added M P 

* Disordered. 
t Aluminium included; AI/Zn '" 0·3. 
M = main constituent, P = present, T = trace. 
I: I = A material with a spacing of ~ 7·4 A without lines of hydrozincite, hemimorphite, hydroxide or basic salts. 
2: I = A disordered trioctahedral montmorillonitrite (see text). 
The Si/Zn ratio of reactants varied from 0·64 to 0·80 in this series of experiments. 
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Table 2. X-ray diffraction data of selected samples 

S6(3* 
Air dried Oven dried ( 110°C) 

S14/ 3t 
Air dried 

12·1 
H 
4·7 } 
3·5 
3-3t 
2'63} 
2·38 
1·53 
1·50 
1·32 

Band 

Sharp spotty 

Band 

* Contains Zn, Al and Si. 
t Contains Zn and Si. 

100 
80 
60 

60 

190 
40 
90 
20 
20 

t Probably due to quartz contamination. 

deAl 

11 ·1 
B 
4·7 } 
4·2 
3·6 
2·63 
2-44 
1·53 
1·50 

1 Indicates direction of decreasing intensity within band. 

of fine grained platy particles, similar in appearance to 
some montmorillonites. These aggregates could not be 
dispersed ultrasonically. 

J nfi'a-red spectroscop y 

The aluminium-free products are characterized by 
absorption peaks at 990, 660, 460 and 300 cm - 1 with 
shoulders at about 900 and 400 cm - 1. Infra-red pat
terns of these materials also contained other peaks due 
to basic zinc carbonates. The products containing alu
minium have main absorption peaks at 1000, 560 and 
about 450 cm- t, but not at 300 or 660 cm-I. The i.r. 
spectra were only marginally affected by conditions of 
precipitation such as pH and electrolyte. Examples of 
these spectra are shown in Fig. 2 and compared with 
those of sauconite, hemimorphite and hydrozincite. 
The spectra of S14/3 and S6/6 are quite similar to that 
of sauconite and other 2: I layer silicates such as 
saponite and stevensite (not shown), but differ from 
those of non-layer zinc silicates, willemite (not shown) 
and hemimorphite. Infra-red spectra often confirmed 
the presence of zinc carbonates in many products, e.g. 
S6/6. 

Chemical data 

Most samples were not analyzed chemically because 
of the difficulty of interpretation of data obtained from 
mineral mixtures. The chemical composition is given 
(Table 3) for sample S14/3 because other data indi
cated that it consisted of a single phase. Chemical for
mulae were calculated on the basis of either II oxygen 
atoms or 4 silicon atoms. An amount of zinc in excess 
of the requirements of a 2: I layer mineral is evident. 
This excess varies from about one-tenth to one-third of 

Band 

40 
100 

170 
40 
40 
90 
60 

. 80 
40 

12·3 

4·7 } 
4·0 

2'6~} 
2·44 
1·55 

1·34 

Band 

Band 

100 

40 

160 
40 
80 

20 

the total zinc, depending on which basis the empirical 
formulae are calculated and on the role of excess zinc 

1600 1200 800 400 

WOy. Number (cm-I) 

Fig. 2. Infra-red spectra of selected products and reference 
minerals : (a) S6/ 5 aged I yr; (b) S6/6 aged I yr ; (c) S14/3 
aged 2 yr; (d) sauconite; (e) hemimorphite ; (f) hydrozincite. 

See Table I for details of products. 
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Table 3. Chemical composition of sample S14/3 

ZnO 
Si02 
MgO 
AI!Ol 
CaO 
Fe!Ol 
Total 

Analysis 
el" by weight) 

58·0 
41·1 
0·22 
0·14 
0·38 
0·07 

99·91 

Zn 
Si 

Mg 
AI 
Ca 
Fe 
0 

Empirical formulae 

Atoms/ll oxygens Atoms/4 silicons 

3-73 4·17 
3·58 4·00 
0·028 0·032 
0·014 0·016 
0·035 0·040 
0·005 0'005 

11 ·00 11'30 

Average of 2 analyses ofCa2+ -saturated sample, after ignition at lOOO°e. 
Analyses by J. T. Hutton, CSIRO, Adelaide. 

in balancing the resultant charge. Some of this excess 
zinc may occur as a brucite-like interlayer. This 
hypothetical zinc hydroxide interlayer cannot be very 
extensive because the 12·3 A line collapsed to I 1·1 A 
when the sample was heated at 105°C. However, cau
tion needs to be exercised in any analogy with natural 
chlorites because of the low stability of zinc hydroxide 
(see later). It is proposed that the 2: I layer silicate of 
most products is analogous to a partially chloritized 
stevensite in which the brucite layer covers up to 40 per 
cent of the theoretical maximum interlayer area. 
Sample S14/3 has a net charge of about 7 m-equiv/ 
IOOg. 

* Determined by 1. Holt, Division of Soils, CSIRO, Ade
laide. 

The surface areas* of selected samples were deter
mined by N2 adsorption using a continuous flow 
method. Values of 223, 105 and 158 m2/g were 
obtained for samples S6/7, S6/8 and SI4/3, respect
ively. The surface area of S14/3 is consistent with the 
size of particles seen under the electron microscope, 
assuming that one phase is present. 

(c) Synthesis q( silicol11ree zil1c compounds. Zinc 
compounds were prepared and aged under conditions 
identical to those of the S 14 samples (Table I) bu t in 
the absence of silicic acid. The initial precipitate in the 
presence of M NaCl was 4Zn(OHh, ZnCl 2 plus an un
identified basic salt. Insufficient material was available 
for analysis of the corresponding aged product. The 
results for products prepared in the absence of added 
electrolyte are summarized in Table 4. These initial 

Table 4. Evolution of silicon-free products* 

Initial products 

p-Zn(OHh .... E-Zn(OHh 

Dialyzed 

Not 
dialyzed 
2 yr 

2 yr 

[
2ZnC03 '1Zn(OHh 

ZnO 

[ 

Basic:altst 

E-Zn(OHh 

Final products 

7 yr 
[

Mainly ] 
2ZnC03 ,3Zn(OH)2 

* Samples S14/3 and 4 (Table I) were produced under identical conditions: but including silicon. No electrolyte was 
added. Air dried at room temperature. 

t Consists of unidentified salts containing carbonate (shown by i.r.) and some 4Zn(OHh . ZnCl 2 . 
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products were not analyzed but later precipitations un
der similar conditions always produced {i-Zn(OHh in 
addition to a small amount of an unidentified basic salt 
in some samples. This {i-Zn(OHh was transformed 
into the €-form within several days at 20°e. Both hyd
roxides decomposed to ZnO on heating overnight at 
110°e. The ease of this conversion may be a function 
of the degree of crystallinity. The transition from {i
Zn(OH)z to €-Zn(OHh to ZnO on ageing or heating 
is consistent with their relative stability (Fricke and 
HUttig, 1944). Hydrozincite is the final end product for 
both ageing conditions. 

DISClJSSION 

Layer silicates 

The characteristic reflections of 2: 1 layer silicates 
were amongst the first to be detected as products 
achieved sufficient order to give rudimentary X-ray dif
fraction patterns. These were observed after the pro
ducts were aged for about three months but only for 
those samples which were precipitated in solutions of 
low electrolyte content and not dialyzed. The X-ray 
patterns are well defined after ageing of the precipitates 
for 12 months but the definition improved somewhat 
on further ageing. These 2:1 zinc layer silicates have 
the surface area, crystal morphology, i.T. spectra and 
X-ray diffraction pattern of disordered trioctahedral 
montmorillonite. Because of the excess zinc present, 
the low net charge, and swelling characteristics, it is 
further proposed that this main product is analogous 
to a partially chloritized stevensite. 

In the pure zinc-silicon system, the 2:1 layer silicate 
(or its precursor as shown by i.r.) is the only silicate 
mineral present over a large range of conditions in
cluding pH (6·5-9'0), concentration and kind of elec
trolyte. Si/Zn ratio of reactants (0·64- J ,20) and differ
ent ageing conditions. Some factors did. however. mar
ginally affect crystallinity of products. This is in con
trast with the results of Esquevin (1960) who found 
that the minerals formed at lOO"C depend strongly on 
pH and electrolyte. He produced mainly 2: 1 silicate or 
hemimorphite, depending on the presence or absence 
of electrolyte. Willemite also formed at lower pH 
values. His experimental conditions of both pH and 
electrolyte were more associated with the rate of 
release of silicon from the glass walls of the container 
in relation to the rate of zinc added. rather than asso
ciated with conditions of precipitation and ageing. The 
experimental approach of Esquevin would favour the 
initial formation of precipitates of lower Si/Zn ratio. 
i.e. precursors of hemimorphite. Such phases would be 
emphasized eventually because of the greater oppor
tunity for the evolution of crystalline products. 

The non-formation of I: 1 layer silicates in the pure 
Zn- Si system. as shown by Roy and Roy (1954) and 
Esquevin (1960). was confirmed by our experiments at 
20°e. 

The X-ray patterns of products containing alu
minium had, in addition. a reflection at about 7·4 A 
that does not arise from 2:1 layer silicates. or from 
hemimorphite, hydrozincite or other basic salts. This 
peak is ascribed to a I: I layer silicate, which may be 
similar to zinc berthierine synthesized by Esquevin 
(/960). Diffraction data for the latter samples were not 
available for comparison. The X-ray evidence also 
shows that in the presence of aluminium. the diffrac
tion band at 12 A is weaker. and the (060) reflection 
occurs at 1-53 A, compared with 1'55 A for the alu
minium-free 2: I silicate. The adjacent reflection at 1·50 
A is presumed to be the (060) reflection of the H A 
phase (see Table 2). These results are interpreted as 
being consistent with a mixture of two minerals. each 
of greater dioctahedral character than the aluminium
free 2: I layer silicate mineral discussed above. 

Infra-red spectra of these products show decreased 
absorption at 660 cm - I coupled with increased 
absorption at around 550 cm- I when aluminium was 
included. By analogy with the studies of Stubican and 
Roy (1961) on the substitution of Mg and Al in layer 
silicates. the i.T. results can be explained by the replace
ment of Al for Si in tetrahedral positions to produce 
saponite-like rather than stevensite-like compounds. It 
may also be possible that Al substitutes for Zn in the 
octahedral positions of a second phase. Appreciable 
substitution of Al in both tetrahedral and octahedral 
sites of one phase is unlikely although it has been 
reported in ba ta vile (Brown, 1961 ). 

Zinc carbonates and other compounds 

Hydrozincite occurs with the layer silicates in many 
aluminium-free products. especially after the precipi
tates have been dialyzed and aged for extended per
iods. The formation of zinc silicate or carbonate com
pounds must depend on the concentration of silicic 
acid and bicarbonate ions in the system and the rela
tive solubility of solid silicate and carbonate phases. 
Since carbon dioxide was not excluded in these exper
iments, dialysis tends to remove unreacted silicic acid 
without affecting the bicarbonate concentration. thus 
encouraging the formation of carbonates. The car
bonate-free sa mples, S14/1 and S14/3, were associated 
with equilibrium solution concentrations of about 7 x 
10- 4 and 3 x 10- 5 molar silicic acid, respectively. 
Accordingly the range of silicic acid concentrations 
found in natural soil solutions may suffice to inhibit 
the formation of zinc carbonate as a separate phase in 
normal soils. 

https://doi.org/10.1346/CCMN.1974.0220507 Published online by Cambridge University Press

https://doi.org/10.1346/CCMN.1974.0220507


The synthesis of zinc silicates 415 

Compounds contammg carbonate never formed 
when aluminium was included regardless of whether 
the products were dialyzed or not. This inhibition of 
the formation of hydrozincite is probably the result of 
increased chemical stability associated with partial 
substitution of aluminium in lattice positions (see 
above). 

Although Roy and Mumpton (\958) suggested that 
200"C may be minimum temperature for the for
mation of willemite under hydrothermal conditions, it 
was produced by Esquevin (1960) at 100°C under 
atmospheric pressure. However, willemite was not 
detected in any of the products of this study at 20°C. 
It is therefore considered unlikely that willemite forms 
in soils or in other such low temperature weathering 
environments. 

MrciJanism offormation of layer silicates 

Esquevin (1960) found in studies at 100°C that the 
conditions which favoured the precipitation of E-zinc 
hydroxide or basic salts in silicon-free systems, also 
favoured the production of hemimorphite when sili
cate was included. Similarly, willemite and layer sili
cates formed under conditions favouring the precipi
tation of the zinc oxide. He proposed, following the 
views of Caillere and Henin (1961). that the initial for
mation of a zinc hydroxide with a brucitic structure [ry:
Zn(OH)J, was essential for the synthesis of a layered 
zinc silicate. By their hypothesis, the relatively unstable 
ry:-Zn(OHb which would have only a transitory exist
ence in the absence of silicon. would be stabilized by 
silicate ions and lead to a 2:1 layer silicate. Thus the 
association ofZnO in the silicon-free products and the 
synthesis of layer silicates was seen in terms of ry:
Zn(OHh. By the same hypothesis conditions favour
ing the precipitation of orthorhombic zinc hydroxides 
(E- and (i-) should yield hemimorphite (Esquevin, 1960). 

In our experiments. the formation of layer silicate 
was associated with the formation of orthorhombic 
zinc hydroxide and/or basic salts in the silicon-free sys
tem. Products containing silicon were, however, amor
phous to X-rays when first precipitated. Since {3- and 
E-Zn(OHh may be converted to ZnO by heating, or by 
ageing at 20'c' it seems possible that some of Esque
vin's initial products at \ OO°C could also have been f3-
Zn(OHb and not ry:-Zn(OH)2 as proposed. Interpre
tations based on initial products can be obscured by 
the fact that {i-Zn(OH)2 converts readily to the ,,-form, 
even at 20°C, 

The transition from {3-Zn(OHh ...... E-Zn(OH)z ...... 
2ZnCOJ .3Zn(OHh involves significant changes in 
unit cell dimensions and crystal symmetry. 
Accordingly, it seems reasonable that the initial preci
pitates with adsorbed silicic acid could evolve into 

layer silicates in the same way and thus provide a 
mechanism for the formation of zinc silicates in soils. 
There is no evidence that the brucitic ry:-Zn(OHh is a 
necessary prerequisite for the formation of layer zinc 
silicates. 

It has been established that 2:1 layer silicates can be 
formed under a range of conditions at 20°C from pure 
solutions, and also that silicon and zinc tend to be 
associated in the adsorbed state (Tiller, 1967). Within 
this framework, it seems likely that the template pro
vided by natural alumino/silicate clays should enhance 
the formation of layer zinc silicates in low temperature 
weathering environments such as soils. The control of 
chemical reactions by such zinc silicates may, however, 
be difficult to assess because of indeterminate stability 
constants arising from ionic substitution, variable crys
tallinity and the presence of associated materials. 

Ackl1owledgemel1ts-The authors wish to acknowledge the 
technical assistance of Mrs. C. Houwelling for experimental 
work. Mr. L. Janik for i.r. spectroscopy, Mrs. A. Camp bell 
for assistance with X-ray diffraction and Mr. M. Raupach 
and Drs. E. W. Radoslovich and K. Norrish for helpful dis
CUSSlOns. 

REFERENCES 

Brown, G. (1961) The X-Ray Idel1tification and Crystal 
Structures of Clay Minerals: Mineralogical Society. Lon
don. 

Caillere. S. and Henin, M. S. (1961) Vues d'ensemble sur le 
probleme de la synthese des mineraux phylliteux it basse 
temperature: Colloq. Intern. Centre Natl. Rech. Sei. 
(Paris) No. 5, 31-43. 

Esquevin, 1. (1960) Les silicates de zinc. Etude de produits 
de synthese: Ann. Agron. 11, 497-556. 

Fricke, R. and Hlittig, G. F. (1944) Hydroxyde und Oxyhyd
rate: pp. 402-413. Edward Bros .. Ann Arbor. 

1.C.P.D.S. (1972) Powder Diffraction File. Joint Committee 
on Powder Diffraction. Swarthmore, Penn. 

McKeague. 1. A. and Cline, M. G. (1963) Silica in soils: 
Advan. Agron. 15, 339-396. 

Roy. D. M. and Roy. R. (1954) An experimental study of the 
formation and properties of synthetic serpentines and 
related layer silicate minerals: Am. M il1eralogist 39, 957-
975. 

Roy. D. M. and M umpton. F. A. (1956) Stability of minerals 
in the system ZnQ--SiOrH 20: Econ. Geol. 51, 432-442. 

Stubican. V. and Roy, R. (1961) Isomorphous substitution 
and infra-red spectra of the layer lattice silicates: Am. 
Mineralogist 46,32-51. 

Tiller, K. G. (1968) The interaction of some heavy metal 
cations and silicic acid at low concentrations in the pres
ence of clays: 9th Intern. Congr. Soil Sci. Trans. 2, 567--
575. 

Tiller. K. G. (1968) Adsorption of heavy metal cations and 
hectorite solubility: Clay Minerals 7,409-419. 

https://doi.org/10.1346/CCMN.1974.0220507 Published online by Cambridge University Press

https://doi.org/10.1346/CCMN.1974.0220507


416 K. 1. TILLER and 1. G. PICKERING 

Resume--Des silicates de zinc ont ete synthetises dans des conditions analogues a celles de I'environne
ment superticiel nature\. 

On a pu montrer, par diffraction X, i.r., microscopie e1ectronique et analyse chimique que, quelles que 
soient les conditions de precipitation et de vieillissement, le produit principal est un phyllosilicate de zinc 
2: I equivalent it la stevensite. 

En presence d'aluminium. un phyllosilicate de zinc l: 1 se forme, conformement aux travaux anterieurs. 
La stabilite du silicate de zinc par rapport au carbonate. est favorisee par la presence d'aluminium dans 
le n:seau et d'acide silicique dans la solution it I'equilibre. 

Les phyllosilicates de zinc se sont formes dans des conditions qui engendrent des hydroxydes de zinc 
orthorhombiques et/ou des sels basiques. en l'absence de silicium; I'intervention d'hydroxyde de zinc bru
citique (forme 'X), proposee dans des travaux anterieurs, ne peut plus etre avancee. 

Les phyllosilicates de zinc cristallins se sont formes par evolution lente des gels initiaux. De tels phyllosi
licates. mais non la willemite ou I'hemimorphite, pourraient jouer un role important dans le controle des 
reactions chimiques faisant intervenir le zinc dans les sols. 

Kurzreferat-Zinksilikate wurden unter Bedingungen synthetisiert. die dem Verwitterungsmilieu an der 
ErdoberfIache analog sind. Unabhangig von den Fallungs- od er Alterungsbedingungen konnte rontgeno
graphisch. infrarotspektroskopisch sowie elektronenmikroskopisch und chemisch als Hauptprodukt ein 
2: I-Zinkschichtsilikat nachgewiesen werden, das dem Stevensit aquivalent is!. In Gegenwart von Alu
minium wurde in Bestiitigung veroffentlichter Arbeiten ebensowohl ein l: I-Zinkschichtsilikat gebildet. 
Die Stabilitat des Zinksilikates im Verhiiltnis zu Carbonat wurde durch die Gegenwart von Aluminium 
im Gitter und von Kieselsaure in der GleichgewichtslOsung begiinstigt. Zinkschichtsilikate wurden unter 
Bedingungen gebildet, die in Abwesenheit von Silicium orthorhombische Zinkhydroxide und/oder 
basische Salze entstehen lassen. Die Beteiligung des brucitischen Zinkhydroxids ('X-Form). wie sie von 
friiheren Autoren angenommen wurde. konnte nicht bestatigt werden. Kristalline Zinkschichtsilikate 
wurden durch langsame Entwicklung aus den urspriinglichen Gelen gebildet. Solche Schichtsilikate, 
jedoch nicht Willemit oder Hemimorphit, konnten eine wichtige Rolle bei der Kontrolle der chemischen 
Reaktionen von Zink in Boden spielen. . 

Pe310Me - CHJIHlCaTbl UHlIlCa cHHTe3HpOBaJlHCh npH YCJlOBHlIX, aHaJTOrH'lHbIX nOBepxHocTHblM 
nOrO,llHbIM OKpYlKalOll.\HM YCJIOBHJlM. HecMOTpll Ha YCJIOBHlI OCalK,lleHHlI HJIH CTapeHHJI, OCHOBHOK 
npO,llYKT, KaK rrOKa3aHo peHTreHOJlCKHMH, HH<!>paKpaCHbIMH JlY'laMH, )JleKTpOHHbIM, MHKpOCKonH
'IeCKHM H XHMH'leCKHM cnoco6aMH, OKa3aJlCJI 2 : J CJlOHCTblM UHHKOBblM CHJTHKaTOM 3KBHBaJleHTHblM 
cTHlleHcHTY. B npHCYTCTBHH aJlIOMHHHlI 06pa30BaJlClI TaKlKe 1: I cJloHcTbllf CHJlHKaT UHHKa, B 
nO,llTJleplKlleHHe ony6JlHKOBaHHolf pa60Tbl. CTa6HJTbHOCTb UHHKOBoro CHJlHKaTa B OTHoweHHH K 
Kap60HaTaM YJIY'lWaJlaCh npHcYTcTBHeM JI ceTKe aJIIOMHHHlI H KpeMHeBoK KHCJlOTbl B paBHOBeCHOM 
paCTJlOpe. CJlOHCTble CHJTHKaTbl UHHKa nbiTY'IaJIHCb B YCJIDBHIIX, KOTopble 06paJOBallH OPTOPOM6H
'IeCKHe L(HHKDBble rH,llpOOKHCH H/HJTH OCHOBHble COJlH 6e3 rrpHcYTcTBHII KpeMHHlI. npennOJTaraeMOe 
npelKHHMH pa60THHKaMH nOJIY'leHHe 6PYUHHOBOK fHlIPOOKHCH ljHHK:j ' (CC-THrr) He nO,llTBepllHIlOCb. 
KpHCTaJIJIH'IeCKHe CJIOHCTbIe CHJlHKaTbl UHIIKa <!>OpMHpOBaJlHCh Me,llJleHHOK 3J10JlIOUHelf HCXO,llHbIX 
reJleK. TaKHe CJlOHCTble CHJIHKaThl, 3a HCKJlIO'leHHeM BHJIJIeMHTa HJIH reMHMopqlHTa, MorYT HrpaTh 
3Ha'lHTeJlhHYIO pOJlb npH KOHTpOJle XHMHyeCKHX peaKUHj:! L(HHKa B rroYJlax. 
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