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Influence of silica on the crystallization of sodium hydroaluminate
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ABSTRACT

To extract aluminium from highly concentrated aluminate solutions of alumina-containing raw
materials, decomposition is performed through the crystallization of sodium hydroaluminate. This
paper presents the results of a study on the stability of aluminate solutions. To calculate the
probable yield of Al,0s in the solid phase, it is necessary to determine the crystallization rate of
sodium hydroaluminate according to the composition of the initial solutions and the conditions of
the process. The influences of SiO, content on the decomposition of aluminate solutions with
Na2Ok concentrations of 540 g/dm? and 590 g/dm? with and without inoculum were studied. In
addition, the influence of silica on the appearance of precipitating crystals of sodium
hydroaluminate was considered. A sharp increase in the stability of the aluminate solutions at rest
in the presence of silica was observed. Different crystallization conditions for sodium
hydroaluminate have been investigated. Silica slows the crystallization process of sodium
hydroaluminate, affecting both the nucleation and crystal growth rates. The effect of SiO, on the
rate of decomposition is similar to the reduction in the degree of supersaturation.
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Introduction

When Al(OH)s is separated by carbonization, the
solution is treated with CO,-containing gases.

The sintering and Bayer methods are used to
process alumina-containing raw materials used in
industry [[1], [2], [3], [4], [5]]. Processing by the
hydrochemical alkaline method results in high-
modulus aluminate solutions with caustic modulus
(ax) values of 6-12. The properties of aluminate
solutions significantly depend on the technological
process [[6], [7], [8], [9][10]]. Two methods are used
for aluminium extraction from the obtained
aluminate solutions: decomposition and
carbonization [[11], [12], [13], [14]].

Aluminium hydroxide precipitation is performed
by the spontaneous  decomposition of
supersaturated solutions.

When opening high-siliceous aluminosilicate
rocks with hydroalkali technology, high-modulus
aluminate solutions are obtained. In addition,
spontaneous decomposition of these solutions with
aluminium hydroxide extraction is impossible, and
carbonization is economically unfeasible due to the
transfer of expensive caustic alkali into carbonate
products. Therefore, for aluminium extraction from
highly concentrated aluminate solutions, a
decomposition method based on the crystallization
of sodium hydroaluminate is used. Then, the
obtained product is dissolved in industrial water to
obtain aluminium hydroxide by decomposition.
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The crystallization process is a bottleneck of the
hydrochemical method. The obtained solid phases
are finely dispersed, contain a large amount of
entrained mother liquor and are poorly filtered;
additionally, the resulting solution has a high caustic

modulus (1.8-2), which adversely affects the
subsequent conversion—decomposition process
[11].

To calculate the probable yield of Al,O; in the
solid phase, it is necessary to determine the
crystallization rate of sodium hydroaluminate
according to the composition of the initial solutions
and the conditions of the process. Of great
importance for the crystallization of sodium
aluminate is the presence of silica in the solution.

Silicon is the main impurity in bauxite, and is also
one of the most harmful impurities in the process of
the alumina production using alkaline method such
as the conventional Bayer process [15]. The
presence of even small amounts of silica in
Oaluminate solutions sharply inhibits the
crystallization of sodium hydroaluminate. To realize
its recycling, the alkali-silicate solution needs to be
desiliconized [16]. After leaching by a hydrochemical
method, the solutions contain a maximum of 10
g/dm? SiO,, from which only a small part of the Al,Os
can be separated into a solid phase. Moreover, the
crystallization process proceeds at a very low rate.
Therefore, it is necessary to purify the solution from
silica.

There is a known method [17] in which some
silica is removed from high-modulus aluminate
solutions by decreasing the solubility of sodium
aluminosilicate in relatively low-concentration
Na2O. solutions. For this purpose, the solutions are
diluted to 300 g/dm? Na,O and stirred at 90 °C for 2—
3 h. The silica in this case precipitates in the form of
sodium aluminosilicate. Therefore, the silicon
modulus of the ps; solution (mass ratio of Al,03/SiO3)
increases from 7-10 to 50-100. A similar method
combining desiliconization with sludge separation
was recommended in the literature [18]. In the
process of bauxite sintering, CaO is added to bind
SiO,; and obtain 2Ca0-SiO; [[19], [20]]. CaO is not
used during the hydrochemical processing of high-
modulus bauxite with a silicon modulus exceeding 7,
since the SiO; content is low enough, and the losses
are insignificant [21].

The deep desiliconization of aluminate solutions
with silicon moduli (usi) of 8—12 can be performed by
binding silica to hydrogenates in the polythermal
regime. Studies on the conditions allowing the
decomposition of unsilicified aluminate solutions
have not been carried out.

The distribution of Na, Al, and Si between the
solid and liquid phases depends on the chemical
compositions of the silicate and aluminate solutions
[22].

The influence of SiO, on the rate of
decomposition of aluminate solutions and the
formation of hydroaluminate crystals under
different conditions has not been sufficiently
clarified, and the mechanism of silica action in this
process remains unclear. This work aims at studying
the influence of silica on the production of sodium
hydroaluminate.

Materials and methods

The kaolin sample from Alexeevskoe deposit
was used in this study. The sample was determined
to contain AlLOs; 35.6%; SiO, 43.2% and other
components 21.2%, the silicon modulus was 0.6. The
kaolin sample was submitted to autoclave leaching
using 240 g/ dm?* Na,O for 90 min at 240°C. Obtained
solution was evaporated to a concentration of 540
g/dm?3 of Na;O in total; 115.5 g/dm? of Al,0s; and
0.609 g/dm?3 of SiO, with a ps; of 7.5-8.5. Silica was
added as an alkaline sodium silicate solution
containing 550 g/dm?3 of Na,O., and 200 g/dm3 of
SiO,. The solution with added silicate solution was
heated until it boiled and then cooled to the
experimental temperature.

Leaching was carried out in a thermostat with a
stirrer.

The resulting precipitates were X-ray
amorphous, and the phase composition could not be
identified by X-ray diffraction (XRD) analysis.
Consequently, we indirectly determined their
compositions from the values of usi and ax (caustic
modulus).

Experimental part

The decomposition kinetics of solutions with a
NaO content of 540 g/dm? (ax=8) in the presence of
different amounts of silica are shown in Figure 1.
These experiments were carried out without
inoculum since it was possible to trace the influence
of silica on nucleation in this case. Stirring was
performed at a speed of 15 rpm.

The obtained data show that small amounts of
silica (from 0.3 to 0.6 g/dm?3) affect the initial period
of crystallization. In this case, the average rate of the
process decreases sharply, especially at the
maximum point, but the content of SiO; in solution
practically does not change. The effect of 0.8 g/dm?3
of SiO (usi = 136) is more noticeable than that of a
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smaller amount. At a SiO, content of 1.7 g/dm? (usi =
64, curve 4), the rate decreases throughout the
process. After 5 h of stirring, the Al,O3 content in the
solution is 21.4 g/dm? instead of 14.5 g/dm? at an
SiO, content of 0.3 g/dm3. However, this amount of
SiO; has a negligible effect on the alumina yield (80—
86%). With the addition of 2.6 g/dm? of SiO; (usi =
40), an induction period appears, and the maximum
rate of the is approximately halved; however, after
3 h, approximately 70% of the Al,Os is released into
the solid phase. Thus, even without inoculum,
sodium hydroaluminate can be isolated from
solutions containing 540 g/dm? of Na,O with a silicon
modulus of 40 at a satisfactory rate. It is known [23]
that for solutions containing 500 g/dm3® of Na,Ox
(ax=7) at psi = 50 in the presence of an inoculum for
7 h equivalent to either 2.5% of the solution weight
or 33% of the solution Al,Os content precipitates
only 50% of the Al,Os, and only at pusi = 100 is the
yield 73%.
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Figure 1 - Kinetic curves of the decomposition of
aluminate solutions with a Na20k concentration of 540
g/dm3 depending on the SiO2 content

A higher Al,O3 content (usi = 30) in the solution
with a Na,O¢ concentration of 540 g/dm?3
considerably slows the process. Even with stirring
for 3 d (10 g/dm?3 of Si0,), the concentration of Al,O3
in the solution is 48 g/dm?3. The SiO, content in the
solution first gradually and then sharply decreases in
the first hour of stirring. The silicon modulus of the
solutions with low SiO, contents (0.3-0.9 g/dm?3)
gradually decreases, and at 2.6-3.6 g/dm?3, the
silicon modulus peaks, which agrees with the data in
the present work. The final ps; at an SiO; content of
0.6 g/dm? in the initial solution is low and equals
approximately 17 at 1.7 g/dm3. The silicon modulus
of the mother solution is low because silica is
practically not removed from it, and a small amount
of aluminium oxide is present. For the silica-rich
solutions, the uSi after 5 h of stirring is 25-27.

The effect of silica on the average rate of
decomposition of the solutions is similar to the
decrease in the degree of supersaturation [24]. The
solubility of aluminosilicate in aluminate solutions
increases with increasing Na,Ox concentration, while
the solubility of sodium hydroaluminate decreases.
Under these conditions, we attempt to isolate
aluminate from high-silica aluminate solutions.

While decomposing aluminate solutions with a
Na,Ox content of 590 g/dm® at ax = 8 and a
temperature of 45 °C (Figure 2), the presence of 2.3
g/dm?3 of SiO2 (usi = 47) does not substantially affect
the crystallization rate of sodium hydroaluminate. At
a SiO, content of 4.6 g/dm?3 (us; = 27), decomposition
proceeds at a noticeably reduced rate, but after 5 h
of stirring, 77% of the Al,Os is released into the solid
phase. In the presence of 6.5 g/dm3 of SiO; in the
solution, 70% of the Al,O; precipitates during this
time interval. Thus, the decomposition process
proceeds at a satisfactory rate, even when the
silicon modulus of the solution is 20.

The SiO, content decreases during the first 2 h
of stirring and remains almost unchanged afterward.
The silica modulus of the solution gradually
decreases by a factor of 2 after 5 h.

Most of the silica (>50%) remains in the solution,
and its amount does not decrease when stirred with
sodium hydroaluminate precipitate; this result is in
good agreement with previously obtained data [3].

Precipitation from solutions with 540 g/dm? of
Na,O (stirring at 15 rpm) has a caustic modulus in
the range of 1.8-2.0. For solutions with a Na,O
content of 590 g/dm?3, the caustic modulus is 1.7—
1.9. In the latter case, after stirring at 80—90 °C for 2
h and cooling to 45 °C, precipitates with a low alkali
content (ax = 1.5-1.6) are obtained.
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Figure 2 - Kinetic curves of decomposition of aluminate
solutions with Na>O = 590 g/dm? in the presence of
different amounts of silica

Microscopic examination of the solid phases
shows that sodium hydroaluminate is represented
by large crystals (200-1000 microns), and the
crystals are not faceted. This morphology
complicates the filtration process (Figures 3 and 4).

Figure 3 - Sodium hydroaluminate precipitate, 40x

Figure 4 - Precipitate of sodium hydroaluminate, 100x

If the influence of silica on the crystallization of
sodium hydroaluminate is reduced to adsorption, it
is likely that introducing additional inoculum into the
solution can remove SiO,, thus accelerating the
crystallization process [24].

According to the literature [25], when using a
dispersed inoculum, the degree of maximum
decomposition is 73.9% after 7 h.

The results of studying the decomposition of
aluminate solutions containing silica in the presence
of inoculum are given below. The size of the initial
aggregates ranges from 200 to 1000 microns.

The solutions are stirred with the inoculum at a
speed of 85 rpm. The obtained data are shown in
Figure 5. In the presence of inoculum equivalent to
16% of the Al,Os3 content in an aluminate solution
containing 10 g/L of SiO; (usi = 10), no induction
period is observed on the kinetic curves. After 1 h,
approximately 15% of the Al,O; is released, after
which the crystallization is very slow (3% Al;Os in 4
h). When 16% of the inoculum is added to the
solution after stirring for 1-2 h, the curve again
shows a jump. After 4 h, 35% of the Al,Os is released.
Thus, each new portion of inoculum (16%)
contributes to the crystallization of 18% Al,Os;
specifically, to isolate 70% of sodium
hydroaluminate, approximately 70% of the
inoculum is needed.

A similar pattern is observed in the presence of
5.0 and 3.3 g/L of SiO; (psi = 20 and 32). The alumina
yields after are 60 and 75% in the presence of 5.0
and 3.3 g/L of SiO,, respectively, which are
significantly greater than those previously obtained
in the presence of 37.5% inoculum (probably coarse
crystalline). These data show the principal possibility
of sodium hydroaluminate extraction from
nondispersed solutions. However, the precipitates
formed in this case are finely dispersed and contain
a large amount of alkali (ax = 2-3).

— 74 ——
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Figure 5 - Kinetic curves of aluminate solution
decomposition in the presence of inoculum

Microscopic examination of many precipitates
shows that in the presence of 2-3 g/L of SiO,,
monosodium hydroaluminate crystals grow in the
form of thin plates with pelletized tops. The
dispersibility of the precipitates is related to the
conditions of production, depending on the
concentrations of Na;O and Al,03, the temperature,
and the method and speed of mixing, which should
be the same as those in pure solutions to ensure that
the difference in ax is nonsignificant. Sometimes,
without inoculum, relatively large crystals grow with
increasing SiO, content in solution. Small crystalline
precipitates (1-3 um) are difficult to study by the
crystal-optical method. Therefore, for this purpose,
large crystals of sodium hydroaluminate (reaching

200 p) are obtained by stirring the solutions in
rotating nickel autoclaves at temperatures of 45 and
85°. The Na,Ox contents of the solutions are 532 and
620 g/L, and the caustic moduli are 4, 8 and 12. Silica
is added at a concentration of 10 g/L. The
appearance of hydroaluminate crystals obtained in
the presence of silica is very different from that of
crystals precipitated from pure solutions. Thus, thin,
rounded flakes form from solutions with ox =8-12
(532 and 620 g/L of Na,0) at 45° (Figure 6). The cross
sections are shaped like elongated lenticels with
high interference colours. From solutions with oy =4
and Na,O concentrations of 532 and 620 g/L (45 and
85 °C), various oval and rounded aggregates are
formed (Figure 6 (c)). At ax =12 (620 g/L) and ayx =8
(530 g/L), round lamellar crystals grow, with similar
small formations appearing on the surface (Figure 6
(2)). Without silica, 8-cornered laminae form under
these conditions. From a solution with ax =8 (620
g/L) at 85 °C, crystals (Figure 6 (e)) precipitate (Figure
6 (2)), which have a pronounced stepped surface,
sometimes in the form of typical helical dislocations.
From pure solutions, well-bounded 12-angular
plates are formed in this process. When aluminate
solutions with o, =8 and a Na,O concentration of 620
g/L (45 °C) decompose, clear crystals precipitate
instead of forming plates, as shown in Figure 6 (e).
No sodium aluminosilicate crystals are observed in
the precipitate. There is a tendency for the light
refractive indices of sodium hydroaluminate to
decrease. For precipitates obtained at 45°, mainly
the ray of ordinary light (No; 0.005-0.007
decreases). Crystals formed in the presence of silica
at 85° have a ray of extraordinary light (Ne) with a
lower value than that of pure precipitates.

In the presence of 7.8 g/L of SiO; during 5 h of
contact, the content of Al,Os in the solution almost
does not change, and despite the high silica content,
the latter is not deposited on the surface of the seed
in appreciable amounts.

At a SiO, content of 4.6-2.8 g/L in the initial
solutions, the crystallization process proceeds at a
relatively high rate. The amount of silica in the
solution gradually decreases.

If sodium hydroaluminate does not crystallize,
the silica is not deposited on the inoculum in
appreciable quantities. In general, hydroaluminate
and silica are deposited together, which indicates is
a relationship between Al,O3 and SiO, in the
solution.

— 75 ——
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Results and discussion

The effect of silica on the stability of aluminate
solutions and the appearance of precipitating
sodium hydroaluminate crystals is noted. The
stability of aluminate solutions at rest in the
presence of silica increases dramatically.

i '.m"'/_\‘—_.
o J‘-.{'_: N .
el

Figure 6 - Sodium hydroaluminate precipitate in the
presence of SiO2, 100x

When standing solutions with a Na,O content of
500-520 g/L (o =8) in the presence of 0.2 g/L of SiO,,
sodium hydroaluminate precipitates after 1-2 d. At
Si0; =3 g/L, the solution does not decompose within
7 d, and at 7-10 g/L, the solution is stable for
approximately one month. With the mechanical
stirring of these solutions, an induction period
occurs, and the amount of SiO, in the solution
increases. During the crystallization of sodium
aluminate in the presence of a large amount of
inoculum with different dispersity degrees, no
preferential deposition of silica can be observed. In
general, the sodium aluminate is released into the
solid phase
crystallization of sodium hydroaluminate. With the
introduction of the active inoculum, a new portion
of the hydroaluminate crystallizes with the silica.
These phenomena lead to the concept that the
effect of SiO, is a consequence of the poisoning of

only during the simultaneous

active centres on the seed crystals and acts on the
state of sodium hydroaluminate in solution.
However, the effect of silica is not limited to the
formation of sodium aluminosilicate because it
binds a relatively small part of dissolved aluminium,
thus  slightly degree  of
supersaturation of solutions by 0.2-0.5 at C,—Sn/Sn =

5.5-7.

decreasing  the

The increase in the degree of saturation at an
unchanged SiO, content in solution is similar to the
decrease in silica concentration. In solutions with
concentrations of Na,O (590 g/L), the solubility of
aluminosilicate increases, and as a result, its
influence on the crystallization rate of sodium
hydroaluminate decreases. The interaction of
sodium silicate with surface molecules of aluminate
and the adsorption of aluminosilicate from the
solution, occurs at the sites with the highest surface
energy, which include the tops of crystals.

Further deposition of hydroaluminate molecules
occurs mainly on the faces; thus, the crystals have a
rounded shape. The formed crystals have a mosaic
structure, and the entrained aluminosilicate is
distributed in the form of single molecules or small
groupings on the surface of the cells since X-ray
analysis does not reveal any change in the
interplanar distances. Moreover, free
aluminosilicate is not detected in the sediments.

The stability of aluminate solutions at rest in the
presence of silica increases dramatically. For
standing solutions with a Na;O content of 500-520
g/L (ax =8) in the presence of 0.2 g/L of SiO,, sodium
hydroaluminate precipitates in 1-2 d. At SiO, =3 g/L,
the solution does not decompose within 7 d, and at
7-10 g/L, the solution is stable for approximately
one month.

Conclusions

Different crystallization conditions for sodium
hydroaluminate have been investigated. Silica slows
the crystallization process of sodium
hydroaluminate, affecting both the nucleation and
crystal growth rates. The effect of SiO, on the rate of
decomposition is similar to the reduction in the
degree of supersaturation.

At a Na,O concentration = 540 g/L (o =8), the
crystallization of sodium hydroaluminate even
without inoculum proceeds at a satisfactory rate
(70% Al,03 in 5 h) at psi = 40. When the Na;O content
increases to 590 g/L, the solutions with ps =19
decompose quickly. Moreover, approximately half
of the SiO, remains in the liquid phase.

The possibility of crystallization of sodium
hydroaluminate from nonsilica aluminate solutions
(SiO; content reaching 10 g/L, Na,O content of 500—
530 g/L, and ax =8) by introducing a large amount of
inoculum has been established.
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TYRIHAEME

YKoFapbl KOHUEHTPAI antoMUHAT epiTiHginepiHeH aNlOMUHUI any YWiH KypambiHAA antOMWUHUIA
okcunai 6ap WKKI3aTTbl eHAeY Ke3iHAe HaTPUi rMAPoaNtOMUHATBLIHBIH KpUCTaNAaHYbIMEH blAblipay
agici kongaHbinaabl. Al2Os-TiH KaTTbl Ppasara bIKTUMAN WbIFbIMABIIbIFLIH ecenTey ywiH 6actankbl
epiTiHainepaiH, KypamblHa KoHe NPOLLECTiH, WwapTTapbiHa 6ainaHbICTbI HaTpui
TMAPOANOMUHATBIHBIH, KPUCTanAaHy KbliAamableblH 6iny KaxeT. EpiTiHAige KpemHesemHiH,
60nybl HaTPWIN aNtOMMHATBIHBIH, KpUCTangaHy npoueci YWiH yAKeH maHbi3fa ue. Makanaga
aNtOMUHAT epiTiHAINepiHiH, TYPaKTbINbIFbIH 3epTTey HaTUKenepi 6epinreH. SiO2 menwepiHiH Na2Ok
KoHUeHTpauuacbl 540 r/am® kaHe 590 r/gm® 6GonaTtblH antOMUHAT epiTiHAiNepiHiH, 6ypbliH
JaviblHAaNfFaH HAaTPUI TMAPOANIOMUHAT TYPiHAEri (3aTPaBKaHbl) KOCbIN KaHe Kocnai antoMuHaT
epiTiHAinepiHiH,  bigbipayblHa  ocepi  3epTTengi. KpemHesemHiH,  Ty3sineTiH HaTpui
rMAPOaNOMUHATBIHBIH, KPUCTaNdapbiHblH, CbIPTKbl TypiHe acepi KapacTbipblagbl. AnloMmuHaT
epiTiHAiNepiHiH KpeMHe3eMHiH, KaTbICbIHAA TbIHbIWTbIKTaFbl TYPAKTbIIbIFbIHbIH, KYPT XKOFapblaaybl
aHbIKTanapl. HaTpuil rmapoantoMUHaTbIHbIH, KPUCTaNAAaHYbIHbIH, SPTYPI LWapTTapbl 3epTTensi.
KpemHUIn AMOKCUMAI HaTpuit rMAPOANtOMMHATBIHBIH, KPUCTAanAaHy npoueciH 6aceHAeTeTiHi,
3MBPMOH Ty3inyiHe ae, KpUCTangapablH ecy XKblagaMablFbiHa Aa acep eTeTiHi KkepceTinreH. SiO,-
HiH  biAblpay  ’KbliJaMAblFblHA — 9Cepi  KaHblFy  [A9pEeXKeCiHiH  TemeHaeyiHe  yKcac.
KpemHuitcisgenmereH antomMuHaT epiTiHainepiHeH HaTpuii rMAPOAIOMUHATBIHBIH,
KPUCTanaaHyblHbIH, HETi3ri MyMKIiHAIr Kebipek (3aTpaBKa) eHri3y apKblabl aHbIKTAaNAbI.

TyliiH ce30ep: antoMUHaT epiTiHAiCI, KPDEMHUI AMOKCUAI, HATPUI TMAPOANIOMUHATLI.
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BanaHMe KpeMHUA Ha KPUCTANNU3ALMIO TMAPOANIOMUHATA HATPUA

A6gynsanues P.A., Tnagbiwes C.B., Axmaguesa H.K., PysaxyHosa I'.C., Tyramb6ai1 C.LL.

UHcmumym memannypeuu u oboeaueHus, Satbayev University, Anmamel, KazaxcmaH

AHHOTAUUA
Mpu nepepaboTke [/IMHO3EMCOAEPNKALLETO CblPpbA [ANA  U3BAEYEHWUA  ANIOMUHMA U3

BbICOKOKOHLLEHTPUPOBAHHbLIX a/lOMUHATHBIX PACTBOPOB MPUMEHAETCA METOZL Pa3/ioKeHun ¢
KpUCTannu3aumein rmapoantomvHaTta Hatpua. YTobbl paccumTaTb BeposATHbIM Bbixod AlLOs B
TBepAyl $asy, HeobXxoAMMO 3HaTb CKOPOCTb KPWUCTaNNM3aLUKM TUAPOANIOMMHATA HATpUA B
3aBUCMMOCTM OT COCTaBa MCXOAHbIX PAcTBOPOB W YC/NOBUI MpoBeAeHus mpouecca. bonbwoe
3HaueHWe ANA Npouecca KpPUCTanNM3auuu anioMuHaTa HaTpua MMeeT Hajuuue B pacTBope

Moctynuna: 4 anpens 2024 KpemHesema. B cTaTbe npeacTaB/ieHbl pesynbTaTbl UCCIEL0BaHMUSA YCTOMYMBOCTM aSIlOMMHATHbIX
PeueHsunposanue: 3 maa 2024 pacTBOPOB. BblN0 U3ydYeHOo BAUAHME copepKaHua SiO2 Ha pa3NoKeHMe aNloMUHATHBIX PacTBOPOB
MpuHaTa B Nevats: 27 mas 2024 ¢ KoHueHTpaumeit Na,Ok 540 r/am3 v 590 r/am? ¢ fobaBieHnem 3aTpaBKM B BUAE NPeLBapUTE/IbHO

Noy4EHHOro rMApPoaatoMUHATa HaTpuA 1 6e3 Hero. bblI0 PAaCCMOTPEHO BANAHUE KpEMHE3emMa Ha
06/1MK BbIMaJaloWwmMxX KPUCTANNO0B rMAPOANIOMMHATA HaTpUA. YCTAaHOB/IEHO Pe3Koe MOoBbIleHue
YCTOMYMBOCTM  a/NIlOMUMHATHBIX PAcTBOPOB B TMOKOE B MPUCYTCTBUM KpemHesema. bbiiu
nccnenoBaHbl pPasinyHbie YC0BUA KPUCTANAN3ALMMN TMAPOANIIOMUHATA HaTpus. [oKasaHo, yYTo
KpemHesem 3ameansieT NpoLecc KPUCTanamsauuu rmapoantoMuHaTa HaTpusA, AencTBya M Ha
3apoapllieobpasoBaHMe U CKOPOCTb POCTa KpucTannos. [elicteue SiO; Ha CKOPOCTb Pa3NoXKeHUA
dHaNOrMMYHO CHUXEHUIO CTeneHU nepecblilleHnA. YcTaHoBNEHA ApUHUMNUANbHAA BO3MOXHOCTb
KPUCTaNAMU3aLMN rMApoantoMMHaTa HaTpUsA M3 HeobecKpeMHEHHbIX altoMUHATHBIX PAacTBOPOB
nytTem BBeeHUa 60/blIero KoanyecTsa 3aTpaBKu.

Kniouesbie c108a: antoMMHaTHbIM PacTBOP, KPEMHE3EM, FMAPOANIOMUHAT HAaTPUA.
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