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PRECIPITATION OF KAOLINITE AT 25°C AND 1 ATM* 
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Abstract- The 0·2-5JL particle size fraction of montmorillonite from three sources was equilibrated 
with various solutions at room temperature. After 3-4 yr, kaolinite was found in some of the samples 
that were supersaturated with respect to kaolinite, but not in any of the undersaturated samples or in 
the original montmorillonite. X-ray diffraction analysis of the precipitated kaolinite showed no inter
layer expansion of glycerated, oriented samples. Random powder samples indicated a poor crystal
linity. The thermal stability of the precipitated material was indistinguishable from that of crystalline 
kaolinite. The electron microscope did not reveal any distinctive sizes or shapes. 

Equilibration behavior of several samples defined a single kaolinite solubility line at or above which 
kaolinite apparently begins to precipitate. The solubility line is equivalent to a standard free energy 
of formation (LlG) of -904·2 kcal per mole of kaolinite. This represents highly crystalline kaolinite. 
The stability of kaolinite actually precipitated at room temperature probably depends upon precipita
tion conditions. Thus kaolinite stability could range from poorly crystalline up to the equivalent of 
the kaolinite solubility line at which initial precipitation begins. 

INTRODUCTION 

THE PROCESS of kaolinite formation has attracted 
considerable study because kaolinite is so com
monly formed in soils and sediments. DeKimpe 
and Fripiat (1968) point out that one can synthesize 
kaolinite in the laboratory at high temperature and 
pressure from almost any mixture of hydrated 
alumina and silica (see, for example, DeKimpe, 
Gastuche and Brindley, 1964). When the tem
perature and pressure are lowered, the preequi
site conditions with regard to starting materials 
become progressively more restrictive. 

As an example of more restrictive con
ditions, Van Moort, DeKimpe, Herbillon and 
Fripiat (1966) and Poncelet and Brindley (1967) 
were able to synthesize kaolinite from mont
morillonite at 220°C and above. However. kaolinite 
could not be synthesized from montmorillonite at 
175°C (Van Moort et al., 1966) unless the mont
morillonite was interstratified with poly-nuclear 

*Most of the analyses in this investigation were done 
by Mr. E. W. Hope, with the assistance of Mr. C. E. 
Ricketts and Mr. J. Dollhausen. This investigation was 
started in 1965 at Harvard University while the author 
was on sabbatical leave from Washington State University 
and was supported in part by a grant of funds to Dr. R. 
M. Garrels from the petroleum Research Fund of the 
American Chemical Society. Completion of the work 
was supported in part by grant 16060 DG K from the 
Federal Water Pollution Control Administration. This 
work is published as Scientific Paper No. 3398. College 
of Agriculture, Washington State University, Pullman. 
Project 1885. 

aluminum complexes (Poncelet and Brindley, 
1967). More recently, DeKimpe ( 1969) synthesized 
kaolinite at 175°C from an aluminosilicic gel in just 
3 days. 

Whether the requirements for the synthesis of 
kaolinite in a short time at higher temperatures can 
be projected to the lower temperatures and longer 
times available in nature is not known. To help 
answer this and many other questions about the 
formation of kaolinite in nature, one must first 
synthesize kaolinite at room temperature. Polzer, 
Hem and Gabe (1967), may have come the closest 
to synthesizing kaolinite at room temperature so 
far. They synthesized amorphous tubular or lathlike 
particles at room temperature that had an Al/Si 
ratio close to unity. 

DESIGN OF THE PRECIPITATING SOLUTION 
From a suitable equation and the known thermo

dynamic stability of kaolinite, one can determine 
the characteristics of a solution saturated with 
respect to kaolinite. Consider the precipitation of 
kaolinite from AP+ and H4Si04 in solution, 

2 AP+ + 2H4Si04 + H2 0 
= 6H+ + AI2Si20 5(OH)4(kaolinitel' (1) 

The equilibrium constant, K, for this reaction is 

where ( ) denote activities and assuming the activity 
of kaolinite and water to be unity. Taking negative 
logarithms of activities 
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pK = 6pH - 2pAJ3+ - 2pH,SiO.. (2) 

Dividing by 6 and rearranging 

pH - 1/3pAJ3+ = l/3pH.Si04 + 1/6pK. (3) 

This is the equation of a straight line on pH
l/3pAJ3+ vs. pH4Si04 ordinates, with a slope of 1/3 
and an intercept of 1/6 pK. This solubility line is 
shown in Fig. I for a kaolinite whose stability will 
be described later. All solution compositions above 
this line are supersaturated with respect to Kaoli
nite . Solution compositions below the line are 
under-saturated. 

The stability range of kaolinite in Fig. I is limited 
by the solubility of amorphous silica (shaded area), 
thus the dashed portion of the kaolinite solubility 
line represents a metastable extension. Kaolinite 
is stable and likely to be precipitated exclusively 
only at pH4Si04 values for which the kaolinite 
solubility line is solid. 

Presumably, the greater the degree of super
saturation, the faster will be the rate of kaolinite 
precipitation. However, a solution that is con
siderably supersaturated with respect to kaolinite 
is also likely to be supersaturated with respect to 

PH-}pAI 3+ 

2 
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Fig. I . Analyses of solutions equilibrated with mont
morillonites from Belle Fourche, South Dakota (0), Otay, 
California (0) and Aberdeen, Mississippi (6.) after three 
to four years of equilibration. Solid symbols indicate 
kaolinite formation, whereas open symbols indicate no 
detectable kaolinite. Size of the symbols is based upon 
analysis precision. Arrows show the direction of sample 
equilibration as indicated by previous analyses. Solu
bility lines are dashed where metastable. Placement of 
the amorphous silica solubility area (shaded) and the 

gibbsite solubility line is from Kittrick (1969). 

other minerals *. The risk of precipitating phases 
other than kaolinite can be lessened by using only 
slightly supersaturated solutions. To maintain the 
supersaturation of such solutions as kaolinite pre
cipitation depletes them, the slow dissolution of 
some solid-phase aluminum-silicate ion source is 
required. Thus, kaolinite was found to precipitate 
in montmorillonite samples equilibrated under 
conditions of undersaturation with respect to mont
morillonite, but supersaturation with respect to 
kaolinite. These results are the substance of this 
investigation. 

MA TERIALS AND METHODS 
The montmorillonites used were from Belle 

Fourche, South Dakota; Otay, California; and 
Aberdeen, Mississippi. No kaolinite (or chlorite) 
could be detected by X-ray diffraction analysis in 
the 0·2-5/-L particle size fraction of these mont
morillonites . A. P. 1. samples from these same 
montmorillonite deposits showed no kaolinite (or 
chlorite) impurities (Kerr, 195 J). 

After iron removal treatment, the 0·2-5/-L size 
fraction of these montmorillonites was equi
librated in approximately 200 ml of solution in 
polyethylene bottles. The samples, ranging in size 
from I to 18 g, were gently shaken almost con
tinuously for 3-4 yr. The supernatant liquid was 
sampled periodically, after centrifuging until clear 
to a Tyndall beam. The supernatnat liquid was 
analyzed colorimetrically for AI, Fe2+, Fe3+ and Si. 
Mg was determined with the atomic absorption 
spectrometer, Na with the flame photometer, and 
CI- with the Buchler-Cotlove chloridometer. 

Most pH measurements were made on a Corning 
Model 12 meter. The instrument was calibrated to 
within ±0·02 units of two (and sometimes three) 
buffers prior to determinations. Ion activities were 
computed from the Debye-HUckel equation (Klotz, 
1964). The pH at which the samples were run was 
sufficiently low so that corrections for hydrolysis 
of the AP+ ion were found to be within analysis 
precision. 

The minimum precision of solution analyses was 
estimated by comparing analyses for pSi , pAl, and 
pH for 14 montmorillonite samples. Analyses 
approximately 2 months apart were compared. The 
average differences were ±O·023 pSi , j:0·0 16 pH , 
and ±0·018 pAl. The samples had been equi
librating over 2 yr and were changing very slowly, 
so most of these differences may be attributed to 
analysis error. 

*Calculations by the author from the data of Polzer 
et at. (1967) show the solution from which the lath-like 
particles precipitated was supersaturated with respect to 
gibbsite. 
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The montmorillonite samples were initially 
acidified with HCI. At the last analysis, pH values 
ranged from 2·60 to 3·47. A range in pH4Si04 of 
2·38-3·53 and in pAlm3+ (where m denotes molar 
concentration) of 2 ·15-4·09 was obtained at the 
last analysis by initially adding small amounts of Si 
(as Na2Si03·9H 20) and Al (as AICI3) to some 
samples. 

Each sample solution was analyzed 6 times or 
more over a 3-4 year period. The time between 
analyses was short (a week to a month) near the 
beginning of equilibration when the samples were 
changing relatively rapidly. A year or more may 
have elapsed prior to the last analysis points shown 
in Fig. I. 

To illustrate the placement of analysis points in 
Fig. I, consider the sample with the highest pH 4Si04 

(0 at the far right). At the last analysis, this sample 
had a pH of 3'47, a pSi m of 3·53 and a pAlm of 3·59. 
The Si in solution at this pH is essentially all H4Si04 , 

a neutral molecule. Thus , pSi m can be taken as 
pH.SiO •. From the first hydrolysis constant for AI 
(Schofield and Taylor, 1954), the AI in solution is 
calculated to be 97% AP+. Thus pAlm corresponds 
to a pAlm3+ of 3·60 (this negligible change exceeds 
that for the other samples in Fig. I which all have 
lower pH values). The ionic strength of this sample 
is calculated from solution analyses to be 0'0021, 
which engenders a pAI3+ of 3·78. Finally, 
pH -1/3pAP+ = 3·47 - 1·26 = 2·21. Thus, the 
coordinates of the point in question are pH 4Si04 

3·53 and pH-1/3pAI3+ 2·21. 

RESULTS AND DISCUSSION 

Kaolinite formation in relation to common ion 
activities 

The open symbols in Fig. I indicate the solution 
composition of samples in which no kaolinite was 
detectable by X-ray diffraction analysis . The solid 
symbols indicate the solution composition of 
samples in which kaolinite formation took place. 
The formation of kaolinite in these samples suggests 
that the high temperatures and stringent conditions 
necessary for the synthesis of kaolinite in short
term laboratory investigations are essentially 
devices to increase reaction rates. 

All analysis points in Fig. I lie below the gibbsite 
line and thus represent solution compositions under
saturated with respect to gibbsite. Kaolinite forma
tion took place only in those samples that were 
saturated or supersaturated with respect to kaolin
ite. The arrows in Fig. I show the general direc
tion of sample equilibration as indicated by previous 
analyses. With one exception, the solution composi
tion of all samples that are supersaturated with 
respect to kaolinite is altering downward toward 
the kaolinite solubility line. The solution composi-

tion of all samples that are undersaturated with 
respect to kaolinite is altering upward toward the 
kaolinite solubility line. Solution compositions 
already on the kaolinite solubility line tend to move 
along it. The outstanding example of this is an 
Aberdeen montmorillonite sample (.6), where all 
six closely spaced analyses are shown. 

Kaolinite formation in relation to th e montmoril
lonite ion source 

Belle Fourche montmorillonite samples (D) that 
are supersaturated with respect to kaolinite have 
formed large amounts of kaolinite as indicated by 
the left X-ray diffraction trace in Fig. 2. 

No kaolinite has formed in the Belle Fourche 
montmorillonite samples that are undersaturated 
with respect to kaolinite (X-ray trace in Fig. 2, 
right). The original 0'2-51L fraction of Belle Fourche 
montmorillonite (and a second stock sample 
prepared in the same way) also shows no kaolinite 
by X-ray diffraction. 

Otay montmorillonite (0). Kaolinite has formed 
in five of the Otay samples that are saturated or 
supersaturated with respect to kaolinite (Fig. I). 
As indicated in Fig. 2, the amount of kaolinite 
formed in the Otay samples is much less than in the 
Belle Fourche samples. The one Otay sample that 
has produced no X-ray detectable kaolinite was 
initially undersaturated with respect to kaolinite. 
It has remained at its present degree of super
saturation for over 2 yr. Kaolinite is also absent in 
the original 0,2-5 IL Otay montmorillonite. 

A berdeen montmorillonite samples (.6) are 
uniformly free of kaolinite detectable by X-ray 
diffraction analysis, including samples that are 
supersaturated with respect to kaolinite. Dehydra
tion of the material at 60°C prior to X-raying did 
not yield indications of kaolinite. Electron micro
scope examination of the equilibrated Aberdeen 
montmorillonite samples did not reveal any unusual 
shapes. 

Nature afthe kaolinite formed 
X-ray diffraction data are given for one of the 

Belle Fourche montmorillonite samples, in which 
kaolinite peaks were large enough to characterize 
accurately. An oriented glycerated sample gave 
spacings of 7·15 A for the (001), 3·575 A for the 
(002) and 2·38 A for the (003), when peak posi
tions were determined as accurately as possible. 
These are spacings commonly gi ven in the literature 
for kaolinite. The crystallinity of the kaolinite was 
determined from X-ray diffraction analysis of 
random powder samples (Fig. 3). Resolution in 
shaded triple-peak areas (Brindley et at.. 1963) 
indicates that the crystallinity of the precipitated 
kaolinite was relatively poor. 
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Fig. 2. A portion of the oriented X-ray diffraction patterns typical of three levels of kaolinite formation (from the left, 
much, little, and none). With respect to the kaolinite solubility line, the left Belle Fourche sample was supersaturated, 
the middle Otay sample was supersaturated also, and the right Belle Fourche sample was undersaturated. The (OOl) 
kaolinite peak at 7·13 A is bracketed by the (002) and (003) montmorillonite peaks. The samples were run under identi-

cal conditions (glycerated slide, AIH saturation. l02B/min. scale factor 1 x 102
, time constant 8, CuKao Ni filter). 

The crystallinity of the precipitated kaolinite is 
actually close to that of halloysite*. However, the 
oriented glycerated samples showed no non mont
morillonite spacings greater than 7·15 A. A rela
tively crystalline kaolinite equilibrated with Belle 
Fourche montmorillonite under similar conditions 
for the same length of time still showed good 
crystallinity (Fig. 3). 

Thermal stability of the (00 I) peak of the kaolinite 
precipitated in Belle Fourche montmorillonite was 
first investigated by heating the oriented slide for 
2 hr prior to X-raying at room temperature. Under 
these conditions, the (00 I) peak remained at 400°C. 
but almost completely disappeared at 500°C. 

An effort was made to determine the thermal 
stability of the precipitated kaolinite more 
accurately, by observing the (00 I) peak as the 
sample was heated in an MRC diffractometer fur
nace. The sample was sedimented directly upon the 
surface of the heating element. The thermocouple 
attached to the heating element was previously 
calibrated with a series of seven Tempilstiks. It 
was found that there was a considerable time 
dependence with regard to the stability of the (00 I) 

* The halloysite used in Fig. 3 was collected from the 
Benson Pit, Latah County, Idaho by Mr. E. W. Hope. 
Benson Pit halloysite is described by Ponder and Keller 
(1960). 

peak of several relatively crystalline kaolinite 
samples. When the sample temperature was close 
to 450°C, the intensity of the (00 I) peak decreased 
over a period of several days. At approximately 
480°C, the (001) peak intensity decreased over a 
period of hours. Closer to 500°C the (001) peak 
intensity decreased over a period of minutes. Since 
the (00 I) peak of the precipitated kaolinite acted 
essentially the same way, about all that could be 
concluded was that the thermal stability of the 
precipitated kaolinite was indistinguishable from 
that of crystalline kaolinite. 

Electron micrographs of typical areas of all 
samples were obtained *. Samples were prepared 
by drying a drop of a diluted well-mixed portion of 
the sample suspension on a Formvar-covered grid. 
The samples were lightly shadowed at 150 with 
chromium. Results for Belle Fourche montmoril
lonite samples are presented as typical for the three 
montmorillonites (Fig. 4). 

The kaolinite added to and equilibrated with 
Belle Fourche montmorillonite (Fig. 4A) was quite 
distinctive, with many thick, fiat, euhedral, six
sided crystals with an included angle of 1200. 
Fig. 4B displays only Belle Fourche montmoril
lonite, but does not differ appreciably from Fig. 

*Electron micrographs were taken at the Electron 
Microscope Laboratory, Washington State University. 
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Fig. 4. EI~ctron micrographs of equilibrated Bell<: Fourche montmot·illonitc samples. A has crystal
line kaolintle added initially. B formed no kaolinite. C formed considerable kaolinite. The line indicates 

I ~ in all photos. 

https://doi.org/10.1346/CCMN.1970.0180504 Published online by Cambridge University Press

https://doi.org/10.1346/CCMN.1970.0180504


PRECIPITATION OF KAOLINITE 265 

CRYSTALLINE 
KAOLINITE 

.' 1--"-"--'---""'"'---- .--+-------.. ->.. ----. . ---t-- .--.. 

40 30 20 

28 
10 

Fig. 3. A portion of the random powder X-ray diffraction 
patterns of Belle Fourche montmorillonite samples, where 
relatively crystalline kaolinite was added prior to equi
libration (upper) and where kaolinite was precipitated 
during equilibration (middle). The lower X-ray pattern is 
from Benson Pit halloysite. Resolution of peaks in shaded 
areas indicates degree of crystallinity. Diffrac tion con-

ditions were the same as Fig. 2. 

4(C) where large amounts of kaolinite were formed. 
Evidently the morphology of the precipitated 
kaolinite is neither halloysite-like tubes. nor that 
of well formed kaolinite crystals. This negative 
morphological evidence is in accord with the X-ray 
evidence, which indicates poorly crystalline 
kaolinite. 

The stability level at which kaolinite precipitates 
Placement of the kaolinite solubility line in Fig. 

I is based upon sample behavior as discussed pre
viously. Most solution compositions tend to alter 
toward this line, or move along it. This line was 
drawn with a slope of 1 13 as required by equation 
(3) and appears to represent the solution composi
tion at which kaolinite precipitation begins. Since 
the slope of the initial precipitation line is known, 

the position of the line is defined by its intercept 
(the pH-1/3pAP+ at zero pH4Si04). The inter
cept of the line can be determined by using equation 
(2) and the solution composition of the point at the 
far right in Fig. I. Thus 

pK = 6(3,47) -2(3,78) -2(3'53) 
= 6·20. 

From equation (3) , the intercept of the kaolinite 
solubility line isl16pK or 1·03. • 

To facilitate comparison with kaolinite stability 
determinations in the literature, the 6G of kaolinite 
that is equivalent to this kaolinite solubility line 
may be calculated. From equation (1) 

6G r = 6G (kaolinite) - 26G A13+ - 26G H.SiO. 

- 6GH•O 

where 6G r is the standard free energy of reaction. 
Further, 6Gr = 1·364 pK or8·46, so that 

6G(kaOi initel = 8·46 + 2(-1I5'0) + 2(-313·0) 

+ (-56'7) 

= -904,2 kcal per mole. 

The 6G of -904,2 kcal represents a kaolinite of 
slightly greater stability than does the 6G of 
-903·8 kcal , which is thought to represent a kaQlin
ite of near maximum crystallinity* (Kittrick, 1966). 

Kaolinite sufficient to permit an estimation of 
crystallinity was precipitated in only 2 samples. 
In both samples the kaolinite was derived from 
Belle Fourche montmorillonite. Both samples were 
supersaturated with respect to kaolinite to about 
the same extent and the crystallinity of the pre
cipitated kaolinite was poor in both. The range of 
solution conditions and results was thus too res
tricted to determine if the crystallinity of the pre
cipitated kaolinite corresponds inversely to the 
degree of supersaturation with respect to kaolinite. 
Other conditions of precipitation and recrystal
lization may also determine kaolinite crystallinity 
and stability. Whatever the factors influencing 
kaolinite stability, it seems likely that the measured 
6G values of kaolinite precipitated at room tem
perature in soils and sediments will range from thai 

*These 6G values are dependent upon other 6G 
values (the 6G values of AI3+ and H20 are taken from 
Garrels and Chri st (1965) and that for H.Si04 was 
calculated from the dataofYan Lier et al. (1960) and Wise 
et al. (1963». 'The position of the kaolinite solubility line 
in relation to pH-I/3pAP+ vs. pH 4Si04 axes is not simi
larly dependent. 
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of halloysite at -989'6 kcal (Barany and Kelley, 
1961; corrected for revised heat of formation of 
quartz) up to the initial precipitation level of 
-904,2 kcal. 

ite from solubility measurements: Am. Mineralogist 
51, 1457-1466. 

Kittrick, J. A. (1969) Soil minerals in the AI20 3-Si02 -

H20 system and a theory of their formation: Clays and 
Clay Minerals 17, 157-167. 
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Resume- La fraction de particule de 0,2 a 5/.t de montmorillonite provenant de trois sources 
differentes a ete equilibree avec des solutions variees a la temperature ambiante. Trois ou quatre ans 
apres, de la kaolinite a ete trouvee dans certains echantillons qui etaient supersatures par rapport ala 
kaolinite, mais pas dans les echantillons sous-satures ou dans la montmorillonite d'origine. L'analyse 
par la diffraction des rayons X de la kaolinite precipitee n'a montre aucune expansion de la couche 
intermediaire des echantillons orientes et glycerines. Des echantillons de poudre pris au hazard 
indiquaient une pauvre cristallinite. La stabilite thermique du materiau precipite n'etait pas indistincte 
de celie de la kaolinite cristalline. Le microscope electronique n'a pas revele des tailles ou formes 
distinctives. 

Le comportement de l'equilibrage de plusieurs echantillons a trace une simple ligne de solubilite 
de la kaolinite a laquelle ou au-dessus de laquelle la kaolinite commence apparemment a se precipiter. 
La ligne de solubilite est equivalente a une energie libre standard de formation (AG) de -904,2 kcal 
par mole de kaolinite. Ceci represente une kaolinite hautement cristalline. La stabilite de la kaolinite 
actuellement precipitee a temperature ambiante depend probablement des conditions de la precipita
tion. Ainsi la stabilite de la kaolinite pourrait s'etendre de tres peu cristalline jusqu'a l'equivalent de la 
ligne de solubilite de la kaolinite a laquelle commence la precipitation initiale. 

Kurzreferat- Eine Fraktion mit 0,2 bis 5/.t TeilchengroBe von Montmorilloniten aus drei Quellen 
wurde mit verschiedenen Losungen bei Zimmertemperatur abgeglichen. Nach 3-4 Jahren konnte in 
einigen der Proben, die in Bezug auf Kaolinit iibersattigt waren, Kaolinit festgestellt werden, nicht 
jedoch in den untersattigten Proben oder in dem urspriinglichen Montmorillonit. Rontgenbeugungs
analyse des ausgefallten Kaolinits zeigte keine ZwischenschichtaufbJahung von glyzerierten, orientier
ten Proben. Stich proben deuteten geringe Kristallinitat an. Die Warmebestandigkeit des ausgef<illten 
Materials lieB sich von der eines kristallinen Kaolinits nicht unterscheiden. Das Elektronenmikroskop 
zeigte keine ausgepragten GroBen oder Formen. 

Das Abgleichungsverhalten verschiedener Proben lieB eine einzige Kaolinit Loslichkeitsgrenzlinie 
hervortreten, bei und oberhalb welcher Kaolinit schein bar anfangt auszufallen. Die Loslichkeits
grenzlinie entspricht einer normalen freien Bildungsenergie (AG) von -904,2 kcal pro Mol Kaolinit. 
Das stellt hoch-kristallinen Kaolinit dar. Die BesHindigkeit des bei Zimmertemperatur ausgefallten 
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PRECIPITATION OF KAOLINITE 

Kaolinits hangt vermutlich von den Ausfallungsbedingungen abo Der Bereich der Kaolinitstabilitat 
kiinnte sich vom· gering kristallinen Zustand bis zu dem AquivaJent der Liislichkeitsgrenze des 
Kaolinits, bei welcher die Ausf<illung beginnt, erstrecken. 

PelIOMe--"l.J:acTHl.\hI MOHTMOPHllllOHHTa QJpaKQHH 0,2-5 MK Hl Tpex pa3llH'IHhIX HCTO'lHHKOB 

06pa6aThIBallHcb pa3llH'IHbIMH paCTBopaMH npH KOMHaTHoil: TeMnepaType. TIoclle CTapeHHlI 

cycneH3HiI: B Te'leHHe 3-4 lleT KaOJIHHHT 6blJ1 06HapYlKeH llHWb B HeKOTopbIX 06pa3l.\aX, KOTophIe 

nepBOHa'laJIbHO 6hlJ1H "nepeHaChIIQeHbI" B OTHOIlIeHHH KaOllHHHTa, HO He 6blJ1 06HapYlKeH HH B 

"HeHaChIIQeHHbIX" HM 06pa3l.\aX, HH B 06pa3l.\aX nepBOHa'iallbHO "HaCbIIQeHHbIX" MOHTMOPHll

llOHHTOM. PeHTreHorpa<jJH'IeCKHH aHallH3 OCalK.1\eHHhlx KaOllHHHTOB He BhHIBHll HallH'IHlI pa36yxa

IOIQHX npH HaCbIIQeHHH rllHQepHHOM 0pHeHTHpoBaHHblx 06pa3QOB. HeopHeHTHpoBaHHhle nopoIlI

KOBble 06pa3QhI xapaKTepH30BallHch HeBhlcoKOH CTeneHhIO KpHCTallllH'IHOCTH. TIo TepMH'IeCKOH 

YCTOH'IHBOCTH OCa.1\KH H3 cycneH3HiI: He OTllH'IaIOTCli OT KpHCTallllH'IeCKOrO KaOllHHHTa. MCClle.1\O

BaHHe no.1\ :meKTpoHHhIM MHKpOCKonOM He BblllBHllO pa3llH'IHlI B pa3Mepax H <jJopMe '1aCTHl.\. 

PaBHoBecHhle CBOHCTBa HeCKOllhKHX 06pa3QOB n03BOllHllH Onpe.1\ellHTb llHHHIO ypOBHlI paCT

BOPHMOCTH KaOllHHHTa, npH KOTOPOM HllH BhIllie KOToporo KaOllHHHT Ha'lHHaeT OCalK.1\aTbCli. 

3TOT ypOBeHh 3KBHBalleHTeH CTaH.1\apTHOH CB060.1\HOH 3HepfHH 06pa30BaHHlI KaOllHHHTa. (AG), 
paBHoH 904, 2 KKall/Mollb (BblcoKali CTeneHb KpHCTallllH'IHOCTH). YCTOH'IHBOCTb KaOllHHHTa 

ocalK.1\eHHOrO npH KOMHaTHoH TeMIJepaType, BepoliTHo, B KaKoli:To CTeneHH 3aBHCHT OT YCllOBHH, 

OCalK.1\eHHlI. OHa MOlKeT H3MeHlIThCli OT YCTOH'IHBOCTH, CBoil:cTBeHHOH nllOXO OKpHCTallllH30BaHHbIM 

06pa3QaM, .1\0 YCTOli:'1HBOCTH, 3KBHBalleHTHOH ypOBHIO pacTBopHMOCTH KaOJIHHHTa, npH KOTOPOM 

Ha'IHHaeTCli nepBH'lHoe ocalK.1\eHHe. 
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