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Natural conditions of analcime formation, determined by geochemists
(prolonged duration of synthesis, high pressure and temperature) cannot
be applied in industry. Usually, analcime is synthesised at high tempera-
tures (over 180 °C) and in a wide range of pressures (0.15...100 MPa),
mostly from aluminosilicate gels. Analcime as the dominating phase was
found in the surface layers of the stratified synthesis products, though it
can be not dominant in the synthesis batch volume. It was concluded that
analcime is dominating in the surface layer of the synthesis products due
to a high alkali concentration. Analcime with a low quantity of impurities
was synthesised in the investigation, as the quantity of the mineral in the
synthesis products depends on the nature of the raw materials. The mix-
ture of NaOH solution, active y-Al,O, and silicic acid with the molar ratio
1-2:1:4-6 is optional for the synthesis conditions applied. y-Al,O, was
preferable to gibbsite in the synthesis conditions. Using gibbsite in anal-
cime synthesis we obtained much more other zeolites and impurities than
using y-Al,O,. When the molar ratio SiO,/ AL O, increased from 4 to 6 in
the mixture of raw materials, the analcime quantity in the synthesis batch
increased too. The conclusion was made that the Na,O / Al,O, molar
ratio in the mixture of raw materials must be higher than 1. y-AlL,O, as
one of the raw components is preferable to gibbsite in the selected synthesis
conditions, because the output of analcime is much higher in that case.
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INTRODUCTION

Si / Al ratio varies from 1.8 to 2.8 (bpexk, 1985) in

Results of analcime synthesis are presented of in
this paper. Usually analcime is attributed to zeoli-
tes, though in natural conditions it is often disco-
vered together with feldspatoids. Some properties
of analcime are similar to those of feldspatoids, that
is why it is called feldspatoid too. The idealised
formula of this cubic syngony mineral is NaAlSi,O, -
- H,O (®neitmep, 1990), but in nature it makes an
isomorphic row of solid solutions up to wairacite
(zeolite of Ca cationic form). Besides, its chemical
composition is rich in potassium (®peit, 1985). The
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the natural mineral and the content of water can
increase, if the amount of SiO, grows in its lattice.

Natural analcime is found in cavities of basalt,
serpentinite, dacite, riolites, and tuff rocks, in as-
sociations with other zeolites. Neither natural nor
synthetic analcime is used as a molecular sieve or
catalyst, because the channels of its crystal lattice
(internal cavities of the analcime lattice) are rela-
tively narrow. It couldn’t be used as a molecular
sieve because of a high density of the mineral
(2.25...2.30 g/em’).
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Natural and synthetic zeolites are in the focus
of interests of ceramics industry in the last decades.
Zeolites are used as a nonplastic material or pepti-
zing agent of ceramics masses (Mensenosckuii, 1993;
Kossyn u mp., 1993), as a raw material for faience
majolica and other products (Lehnhinser et al.,
1987). The mineral is often found in alkalis activa-
ted and polluted by clay siliceous mixes after their
autoclave treatment, it occurs in concrete (mortar)
articles modified with kaolin as a secondary compo-
nent of the steam cured concrete binder with glass
fibers and so on.

Some natural or synthesized zeolites are easily
modified by the ion exchange method, therefore the
minerals could be used as raw materials suitable for
burning at lower temperatures in comparison with
ordinary raw material. This is the way to obtain
ceramics, for example, cordierite (US pat. 4814303)
from zeolites. Often by this method ceramics for
denture is produced. It is well known that leucite
KAISi,O, improves the properties of this kind of
ceramic (US pat. 5071801; US pat. 4798536; US
pat. 4814303). Analysis of the patents shows that it
is possible to obtain leucite by burning ion exchan-
ged (modified) analcime. Leucite and analcime are
often formed in the same natural conditions or are
substituted by each other in the rocks. Thus, the
synthesis of analcime has the practical value.

CONDITIONS OF NATURAL AND SYNTHETIC
ANALCIME FORMATION

For a long time analcime was believed to have no
industrial value, therefore no attention was given to
its synthesis. In many investigations it is often treated
as a secondary phase of zeolite synthesis. The natu-

ral conditions of this mineral formation were stu-
died by geologists (I'ormmsumm u ap., 1968; Muxaii-
noB, 1980). Unfortunately, the conditions of analci-
me formation established by them cannot be repro-
duced in industry because of prolonged synthesis
duration, high pressures and temperatures. Data of
geological investigations, summarized by D. Breck
in his monograph (Bpek, 1985), lead to the following
conclusions:

— analcime is usually found in the old basic rocks
not rich in SiO;

— dense and less hydrated zeolites, such as analci-
me, are formed at high temperatures and pressure;

— sometimes analcime forms in water solutions
rich in dissolved silica and aluminum oxide (the ca-
se of sedimentary rocks).

The data generalized by D. Breck and other in-
vestigators are presented in Table 1. According to
D. Breck, analcime is often synthesized from che-
mical reagents such as aluminum silicate gel at a
high temperature (over 150 ...180 °C) and in a wi-
de range of pressures (0.15 ...100 MPa).

Aluminum silicate gel or other chemical reagents
are not the only kind of raw material suitable for
analcime synthesis. It is well known that analcime
can be obtained by treatment of natural or techni-
cal glass, slag (Stuopys, 1997; Skvara et al., 1997),
clays (Bamoc, 1982), catalyst wastes (Stuopys, 1996).
The chemical and mineral structure of these raw
materials is unstable, they are highly reactive, but
they are polluted with different pollutants too; the-
refore not only analcime prevails in the synthesis
products. This fact determined the raw materials
used in this investigation, — analcime was synthesi-
zed from pure reagent mixtures. The synthesis con-
ditions were chosen according to data summarized

Table 1. Conditions of analcime synthesis
1 lentelé. Analcimo sintezés salygos
Molar ratio of Analcime
reactants in synthesis .. composition
Conditions of
No. g Reagents
mixtures mol/AL,O, g synthesis mol/ALO,
Na,O SiO, H,0 Na,O SiO, H,0
1 2 3 4 5 6 7 8 9
1. —HAx 4 [BO Solution of sodium 282 °C, 46 h - - -
silicate, sodium
aluminate
2. >1 4 - ALO, - 3H,0, NaOH, 180 °C 1 4 2
silicic acid
3. 1 2-6 - Glass, 200 °C 1 2..6 1.2
Na,0 - ALQO, - SiO,
4. 1 2-10 - Silicic acid, NaAlO, 300 °C, 24h - - -
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Table 1 (continued)
1 lentelé (tesinys)
1 2 3 4 5 6 8 9
5. 1 2.5-13 - Gel Na,0O - ALO,SiO, 120-180 °C, - -
19-103 days
6. = B = Volcanic glass and 120-150 °C, - m.s
NaOH solutions 4 h-25 days 4.2 .29
7.%  [B-18 [R0-100  [BOO- Technical glass and 180 °C pressure - -
1000 NaOH solutions of the saturated
steam, 4-8 h
8 1 2 - Jadeite NaAlSi,O, 250-650 °C, - -
p = 1200-1900
MPa, hydrothermal
treatment of
the mineral
9. - - - Glass 200-450 °C, - -
(NaAlSi,O,)_- p = 200 MPa,
(CaALSi,O,) (1x) - hydrothermal
- 4.25 SiO, x = 0; crystallization
0.2; 0.4; 0.6; 0.8; 1 of the glass
10.%* 4.5 4.5 368 Aluminum sulfate 200 °C, 24 h M3 2
(AL(SO,), - 16H,0),
sodium metasilicate
(Na,0 - SiO, - 5H,0),
triethanolamine
(N(CH,0OH),)
11. pH > 10  8-10 - Solutions of sodium 254 °C and 293 °C - 3.7-6.3 -
metasilicate, aluminate
and NaOH
12. 1..4 4-6 - Solutions of sodium 180 °C - - -
metasilicate, aluminate
and NaOH
* With other zeolites.
** Unconfirmed data of the patent, there were organic compounds in the initial mixture.
*** Not shown or nameless data.

by S. Zhdanov and E. Jegorov (XKmanos m np.,
1968). They stated that:

— analcime together with wairacite (Ca ionic ana-
logue of analcime) are zeolites, which form at com-
paratively high temperatures;

— analcime is formed at a lower temperature if
there is more Na,O in the raw material;

— analcime can be synthesized in conditions in
which usually another zeolite — mordenite — is for-
med, if the amorphous raw materials are changed
by crystalline raw materials.

In agreement with the data of the literature and
on the basis of the used equipment possibilities, anal-
cime was synthesized in an autoclave, at a compara-
tively low temperature (180 °C). In most of quoted

works it is shown that the highest temperature of anal-
cime synthesis under saturated steam pressure is
300....350 °C. The molar ratio of sodium, silicon and
aluminum oxides was chosen the same as in the 2nd,
11th and 12th synthesis cases according to Table 1.
The quantity of water in the synthesis mixtures was
equal to the average quantity indicated by D. Breck
as typical for industrial zeolite synthesis (bpek, 1985).

CONDITIONS OF ANALCIME SYNTHESIS

1. Raw materials. Pure analytical grade silicic acid
SiO, - nH,O was used in the synthesis mixtures.
Mass losses after its burning at 1000 °C (exuding
water) reached 20% by mass. They were evaluated
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by counting the ratio of the components in auto-
clave treated mixtures.

The other raw materials were pure analytical
gibbsite (hydroargilite) ALO, - 3H,O or a-Al(OH)..
Water content in gibbsite was established during
heating at 1000 °C. Its mass losses after heating
reached to 34% by mass, i.e. almost the same as
should be according to the stoichiometric propor-
tion of the chemical combination.

Aluminum oxide (y-AlLO,) was obtained by hea-
ting gibbsite at 550 °C for 3 h. A presumption was
made that the solubility of aluminum oxide with a
defective spinel structure should be better than of
gibbsite (Heunmopenko u np., 1986). XRD analysis
of y-Al,O, and gibbsite proved that the combina-
tions were free of admixtures, which could be found
by X-ray diffraction analysis methods.

The pure grade sodium hydroxide was used as
the alkaline component in this research. It has mo-
re than 97% NaOH by mass (sodium carbonate was
up to 1.5% and other admixtures were less).

2. Synthesis mixtures. Dry reagents (raw mate-
rials of the synthesis) were sifted through a sieve,
mesh size 80 pm, then thoroughly mixed and poured
into stainless dishes. Sodium hydroxide solutions of
necessary concentrations were poured into these di-
shes later and the mixtures were mixed again. The
total amount of the dry mixture components were
about 30...40 g (depending on the ratio between
aluminum oxide and silica in a mixture, see Table
2). The volume of NaOH solutions was always mo-
re than of dry components and it flooded dry com-
ponents of each mixture. The dishes with the mix-
tures of raw materials were put into an autoclave
1.5 h following the moment of alkali solution infu-
sion. The initial H,O / AlLO, molar ratio of the
mixtures was always the same and equalled 115.

3. Synthesis conditions. The mixtures of the raw
materials were not mixed during autoclave treatment;
therefore the conditions of analcime synthesis were
similar to natural ones. These peculiarities determi-
ned the segregation of the synthesis products. Anal-
cime was synthesized in an autoclave 0.05 m?® in
volume at a temperature of 180 * 5 °C and under
saturated steam pressure. The suspensions of raw
materials were treated for 18 h at a maximum tem-
perature (the duration of the isothermal cycle of
the autoclave treatment t ) and this maximum tem-
perature and pressure were attained within 1.5 h.

After autoclave treatment the synthesized pro-
ducts were cooled for the next 6 h. During cooling,
the autoclave was closed. The synthesis products we-
re pulled out when the pressure in the autoclave
became equal to atmospheric. After that the pro-
ducts were examined, washed out with distilled wa-
ter and dried up at 105 °C. XRD analysis samples
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Table 2. Chemical composition (molar ratios) of the
raw materival mixtures
2 lentelé. Zaliavos miSiniy cheminé sudétis (molio san-
tykis)
Na,O ALO,* SiO, Notation of mixture*

1 1 4 A0

1 1 5 BO

1 1 6 Co

2 1 4 Al

2 1 5 B1

2 1 6 C1

3 1 4 A2

3 1 5 B2

3 1 6 C2

4 1 4 A3

4 1 5 B3

4 1 6 C3
* Mixtures with gibbsite (hydroargilite) are marked with a
supplemental symbol — a dash, for example A0', B3' etc.

were pulverized in a pestle and sifted through a
80 pm mesh size sieve.

4. Identification of synthesis products. Synthesized
products were investigated with a DRON-2 diffrac-
tometer (copper anode, CuK  radiation, nickel fil-
ter, excitation voltage 30 kV at 12 mA, goniometer
splits 0.5 and 1.0 mm wide, external standard — qu-
artz powder, scanning angle velocity — 2 °/min). The
reproducibility of each XRD pattern was verified
by recording the XRD pattern several times after
sample holder rotation. The recorded XRD patterns
were ciphered using (ICDD, 1999) database.

SYNTHESIS RESULTS

The synthesized minerals (products) of each synthe-
sis bath are enumerated in Table 3. XRD patterns
of analcime synthesis products are shown in Fig. 1.
Examination of the synthesis products showed their
segregation. The segregation of the synthesis pro-
ducts was more visible in mixtures with gibbsite. The
synthesis mixtures with y-ALO, were less stratified
(see Table 3). XRD analysis of each layer of the
synthesis products showed that analcime is always
formed in surface layers (sometimes together with
other zeolites and feldspatoids, such as zeolite Pc,
hydrosodalite, cancrinite and others). Usually anal-
cime is a dominating phase in the surface of synthesis
products, though it could be not dominant in the
whole synthesis batch volume. It might be that anal-
cime prevails in the surface layer of the synthesis
products due to a higher alkali concentration.
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Table 3. Mineralogical composition of the autoclave treated products
3 lentelé. Autoklavu apdoroty produkty mineraloginé sudétis

Notation of mixture *

Mineralogical composition of the products

EE

A0 Biomite, gibbsite, hydrosodalite, mordenite, nepheline hydrate, amorphous phase
Al' Analcime, hydrosodalite, zeolite Pc, traces of cancrinite

A2' Analcime, hydrosodalite, less cancrinite and traces of biomite

A3' Cancrinite, hydrosodalite, analcime

BO' Gibbsite, biomite, traces of nepheline hydrate and amorphous phase
B1' Analcime (dominant), traces of hydrosodalite, zeolite Pc and biomite
B2' Biomite, analcime, cancrinite and hydrosodalite

B3' Analcime, hydrosodalite, less cancrinite

Co' Gibbsite, biomite, large quantity of amorphous phase

C1' Mordenite, analcime, zeolite Pc and biomite

c2' Analcime, less hydrosodalite, traces of biomite and amorphous phase
C3' Analcime, hydrosodalite, less cancrinite and amorphous phase

A0 Analcime, traces of zeolite Pc and biomite

Al Analcime, less zeolite Pc and biomite

A2 Analcime, less hydrosodalite

A3 Analcime, less hydrosodalite

BO Y-ALO, and traces of analcime (beginning of crystallization)

B1 Analcime, less hydrosodalite and traces of zeolite Pc
B2 Analcime, biomite, traces of zeolite Pc

B3 Analcime, less hydrosodalite

Co Analcime, low quantity of biomite and zeolite Pc
C1l Analcime, traces of biomite

C2 Analcime, zeolite Pc, biomite

C3 Analcime, less hydrosodalite and traces of zeolite Pc

* The synthesis mixture marks are the same as in Table 2.
** All synthesized minerals are enumerated by their relative amount in the synthesis products.

Other zeolites, such as hydrosodalite and zeolite
Pc, were synthesized during autoclave treatment, too.
It’s known that hydrosodalite formation is stimula-
ted by various anion admixtures and high alkali con-
centrations. When gibbsite was used in synthesis mix-
tures, large quantity of other minerals in the synthe-
sis products were found. The quantity of accessory
phases after autoclave treatment of mixtures with
y-AL,O, was lower. We can conclude that various
anions — admixtures of gibbsite, such as carbon, chlo-
ric groups, etc., surplus of Na,O in the synthesis
mixtures stimulate formation of such feldspatoids as
cancrinite. Part of these volatile admixtures evapora-
ted when we heated gibbsite, turning it into y-AlO..
Otherwise, there are too little carbon groups in so-
dium alkali, that is why cancrinite is not formed
from mixtures with y-Al O..

Mordenite is a zeolite rich in SiO,. During this
investigation it was formed because of a relatively
large amount of SiO, dissolved in the liquid phase
of the synthesis suspensions (mixtures) prepared with

gibbsite. The solubility of gibbsite and the amount
of its main constituent, ALO,, in the suspensions
are respectively lower. That’s why zeolite with a high
SiO, / AL,O, molar ratio was synthesized from the
mixtures with gibbsite. The SiO,/ AL O, molar ratio
of mordenite is equal to 5...6 and the SiO,/ Al O,
molar ratio of analcime is about 2.

The amount of analcime in the synthesis pro-
ducts was evaluated by the intensity of its XRD
peak d = 1.74 A. Though the intensity of this peak
is taken the gauge of only 60 units in the standard
analcime XRD pattern, in XRD patterns obtained
by us it was a single intensive peak. This peak is
typical only of the XRD pattern of analcime and
the peaks belonging to another mineral do cover it.
Dependence of this peak intensity on the synthesis
conditions is shown on Fig. 2.

It can be stated that when the SiO,/ AL O, molar
ratio in the synthesis mixtures grows, the content
of analcime in the synthesis products increases too.
This rule is valid for mixtures with gibbsite and with

23



Ariinas Aleksandras Navickas, Alfonsas Algimantas Spokauskas, Arminas Stuopys

Tal
1

- B0 ki

1.0 &
1A
|

e | DA

¢ 1
f i A i
el II|.I__l'l__""Il..,h_"‘_-lI i -."""\-

by I8y iy i

Fig. 1. XRD patterns of the analcime synthesis products.
Above — XRD pattern of the products obtained after
autoclave treatment of a mixture of y-ALO,, SiO, - nH,O
and sodium alkaline solution. Below — XRD pattern of
the analogous synthesis products, where y-Al,O, was sub-
stituted by gibbsite. In the both synthesis mixtures the
molar ratio SiO,/ AlLO, equalled 5 and the molar ratio
Na,O / Al O, equalled 4. The symbol of analcime peaks
in XRD pattern is letter A, the symbol of hydrosodalite
is Hs and of cancrinite Ka. The dimension of the
d-spacing in the XRD patterns is angstroms

1 pav. Analcimo sintezes produkty rentgenogramos. VirSu-
je — produkty, gauty i§ y-ALO,, SiO, - nH,O ir natrio
Sarmo tirpalo miSinio, rentgenograma. Apacioje — pro-
dukty, gauty apdorojus autoklave gibsito, SiO, - nH,O ir
natrio Sarmo tirpalo miSini, rentgenograma. Abiejuose mi-
Siniuose SiO,/ Al,O, molio santykis buvo lygus 5, o Na,O/
AlLO, - 4. Analcimo smailés rentgenogramose pazymeétos
A raide, hidrosodalito — Hs, kankrinito — Ka. Tarpploks-
tuminiai atstumai rentgenogramose suraSyti angstremais

y-ALO,. Dependence of analcime level on the ini-
tial content of Na,O in the synthesis mixtures was
not obvious in this research.

Traces of analcime were found in the synthesis
products when the raw material molar ratio Na,O /
/ AlLLO was equal to 1. These mixtures are marked
with the symbol “0” in Table 2. This enables us to
draw a conclusion that the amount of Na,O must
be in excess in comparison with the amount of
ALO.,.
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Fig. 2. Dependence of analcime peak d = 1.74 A relative

intensity on the molar ratio SiO,/ Al,O, in the mixture

of raw materials. I _ is the highest intensity of this peak,
and it was obtained when analcime was synthesized from
the same initial raw materials; @ — mixtures with y-ALO,,
b — mixtures with gibbsite

2 pav. Analcimo smailés (d = 1,74 A) intensyvumo pri-
klausomybé nuo SiO,/ Al,O, santykio pradin¢je Zaliavoje.
I - didZausias Sios smailés intensyvumas, gautas sinte-
zavus analcimg i§ tos pacios pradinés zaliavos; @ — miSiniai

su y-ALO,, b — miSiniai su gibsitu

CONCLUSIONS

Based on the results of the investigations described
above, the following conclusions may be made:

1. Analcime with very little admixtures under the
selected conditions of autoclave treatment can be
obtained from mixtures of NaOH solution, active
¥-Al,O, and silicic acid, if the molar ratio in the raw
materials is equal to 1-2:1:4-6. The use of y-Al O,
for analcime synthesis is preferable, because zeoliti-
zation of the synthesis mixture with this component
occurs easier and produces relatively more anal-
cime.

2. The presence of gibbsite (hydroargilite) in the
analcime synthesis bath changes the mineral com-
position of the synthesis products in comparison with
mixtures without gibbsite. Relatively large amounts
of different zeolites and feldspatoids (zeolite Pc, hy-
drosodalite, cancrinite, and nepheline hydrate) are
synthesized when gibbsite is used.

3. The amount of analcime in the synthesis pro-
ducts depends on the initial molar ratio SiO,/ Al O,
of the raw materials. If the molar ratio grows from
4 to 6, the quantity of analcime in the synthesis
products is growing too. This regularity is evident if
Y-ALO, is used in the synthesis mixtures.

4. The influence of Na,O levels (within the
limits studied) on the output of analcime is not
very obvious, but it is evident that the molar ra-
tio Na,O / ALQ, in the mixture of raw materials
must be higher than 1.

5. Judging by the mineral composition of the
new formations, the amount of secondary synthe-
sis products such as minerals—admixtures (hydro-
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sodalite, cancrinite, zeolite Pc and others) depends
on the ALO, form in the initial raw material mix-
tures. The amount of these secondary products
will be lower in case of using the active AlLO,
(Y-ALO,) form. The advantage of this form of alu-
minum oxide over gibbsite could be proven by
the fact that secondary minerals such cancrinite
and mordenite are not formed in the synthesis
mixtures with y-AlO,.
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VEIKSNIAI, TURINTYS ITAKOS ANALCIMO
SUSIDARYMUI

Santrauka

Geochemiky nustatytos gamtinés analcimo susidarymo sa-
lygos neracionalios gamyboje — ilga sintezés trukme, dide-
lis slégis, auksta temperatiira. Analcimas dazniausiai sin-
tetinamas aukstoje temperatiroje (per 180°C) ir jvairiame
slégyje (0,15...100 MPa). Siuose tyrimuose aprasoma anal-
cimo sintezés (180°C temperatiira, sociyjuy vandens gary
slegis, 19,5 valandos sintezés trukme) rezultaty priklauso-
mybe nuo zaliavy atmainos ir santykio pradiniuose misi-
niuose. Sintezés metu zaliava nuolat nepermaiSoma, tuo
ji panasi i gamting. DaZzniausiai tokiomis salygomis gauty
sintezés produkty pavirSiuje vyrauja analcimas, nors visoje
naujadary maséje jo gali buti ir nedaug. Padaryta iSvada,
kad pavirSiniame sintezeés produkty sluoksnyje analcimas
vyrauja dél didesnés natrio Sarmo koncentracijos. Aprasy-
tomis analcimo sintezés sglygomis y-AlLO,, kaip viena i$
zaliavy, yra pranaSesnis uz gibsita.
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YCJI0BUA, BINAIOININE HA ®OPMUPOBAHUE
AHAJIBITMMA

Peswome

VenoBust GOpMHUpPOBaHMSI aHAIBIMMA, YCTAHOBJICHHBIE
T€OXMMHKAMH, HEpaIlMOHAJIbHBl B IPOU3BOJICTBE —
CIIMIIKOM BEJMKHU MPOJODKUTEIHHOCTh CUHTE3a, J1aBlie-
HUE U TeMIepaTypa cuHTe3a. OOBIYHO aHAIBIUM CHH-
TE3UPYETCs] U3 AIIOMOCUIMKATHOIO Telsl B YCIOBUSIX
BbICOKUX TemriepaTyp (cBeime 180°C) u masmennit (0,15—
100 MITa). B maHHBIX HCCIENOBAHUSX YCTAaHOBJIEHA
3aBHCUMOCTb PE3yJbTATOB CHHTE3a aHaJIbIUMa (IpH
temriepatype 180°C, B ycnoBUSIX HaBJIEHUS HACHIIICH-
HOI'0 BOJSIHOTO Iapa, Npu ob1eil NpogoIKUTEIbHOCTU
cuHTe3a 19,5 4) OT BUJA U COOTHOIIEHUS! KOMIIOHEHTOB
CBIPBbEBBIX MaTepuaioB. CMech CBHIPhEBBIX MaTEPHAJIOB
B aBTOKJIaBe He IMepeMeNINBaiach, MOITOMY MOYXKHO
YTBEPXkKAAaTh, YTO YCIOBUSI CUHTE3a aHAbLIIMa OJIM3KU
K cylecTBylomuM B npupoae. Kakx mnpaBuio, Ha
MOBEPXHOCTH INPOAYKTOB CHHTE3a IMpU JaHHBIX
YCIIOBUSIX aHANBIIUM SIBIISIETCS Ipeodianaromeit $has3oiu,
XOTsI B NEJNIOW Macce MPOJAYKTOB CHHTE3a €r0 MOXKET
ObITh M HeMHOTO. [To-BUAMMOMY, Ha paccloeHHe Mpo-
JIyKTOB CUHTE3a BIUSIIOT U3MEHEHUS! KOHIEHTPAIIUU IIle-
JIOUM HATPHUS. YCTAHOBIIEHO, YTO B JAHHBIX YCIIOBHUAX
CHUHTE3a KaK OJMH U3 KOMIIOHEHTOB CBIPBEBOI cMmecu
NPEANOYTUTENBHO HCMONb30BaTh Y-AlLO,, a He MeHee
AKTUBHBIA THOOCHT.
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