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Abstract Biotite was synthesized from gel of a chemical composition of this mineral at 7 =
= 500°C and p,, = | kbar, in an environment of varying composition and pH. Then the alteration
of synthetic and ‘natural biotites in the presence of pure water vapour and with an addition of AICL
or KCl + AIF, was investigated under the same 7—py conditions. The products of alteration of
biotite are (Mg, Al) — serpentine, andalusite, chlorite ané) muscovite. Their presence and the sequence
of formation depend on the experimental conditions.

INTRODUCTION

Biotites, one of the commonest minerals in the earth’s crust, have been the
subject of inténsive research in recent years. The fundamental work dealing with
the synthesis of trioctahedral micas was written by Smith and Yoder (1956), who
paid particular attention to the polymorphic varieties of these minerals, proposing
a convenient nomenclature to distinguish the individual modifications 1M, 3T,
2M,. Wones and Eugster (1965) studied the conditions of synthesis of trioctahedral
micas of variable chemical composition and found that the partial pressure of
oxygen affects the occupancy of the octahedral sites by Fe?*, Fe3*, Mg, Al and
other elements no less than other thermodynamic factors. Worth noting are also
the papers concerned with phase equilibria between biotites and other layer silicates.
For example, Jamanata and Bodine (1971) showed experimentally that there is
an equilibrium between phlogopite, chlorites and (Mg, Al) — serpentines of variable
composition. They also found that the transformation of chlorite into biotite
depends largely on the concentration ratio of potassium and magnesium in the
gaseous phase. It was also established experimentally (Kotelnikova et al., 1977)
that at the increased p,,o, — T parameters, chlorite transforms readily into biotite
when the brucite sheetin the structure of chlorite is artificially disturbed by acid
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treatment because in this way potassium passes easily from the gaseous phase
into the interlayer spaces.

Under natural conditions, the structure of biotite can be transformed both by
degradation and aggradation (Lucas, 1962; Kossovskaia, 1966). On one hand, the
processes of degradation of the structure of biotite take place in the weathering
crusts and are attended by the transformation into montmorillonite or kaolinite
(Stoch, Sikora, 1976; Koldaev er al. 1974), or into muscovite + chlorite + fibro-
lite, at acid leaching in the metamorphic zones of sedimentary rocks (Korikovskij,
1967; Lygina, Kotov, 1973). On the other hand, extensive transformation of chlorite
into biotite occurs in the greenschist facies during the processes of regional meta-
morphism (Tuner, 1948, and others). All the papers dealing with this problem
analyse, as a rule, the thermodynamic aspects of phase equilibria of the initial
and new-forming minerals whereas very little is as yet known about the structural
relations between biotite and the new-forming minerals. Therefore, the present
- authors carried out experimental studies of the synthesis of biotite and its altera-
tion in a hydrothermal environment of varying chemical composition.

EXPERIMENTAL AND RESULTS

The first experiments showed that, because of its coarseness, natural biotite
did not readily undergo hydrothermal alteration. Therefore, biotite was synthesized
from gel in order to obtain a homogeneous, fine-dispersive material. The gel was
prepared by Tikhomirova and Volkova (1974) and subjected to chemical analysis
at the Institute of Experimental Mineralogy of the Academy of Sciences of the
USSR. Its chemical composition was: 35.47% SiO,, 2.15% TiO,, 19.42% Al O,
21.08%, Fe,0,, 10.77%, MgO, 0.17% MnO, 0.24% CaO, 7.68% K,O, 0.53% Na,O,
2.26%, H,0O" (analysed by Tikhomirova and Volkova). This material was in %he
fprm of rusty-brown homogeneous powder which displayed only faint 0115,
lines (d,y, = 2.69 A* and d,,, = 2.51 A; Fig. la) in its X-ray powder pattern.
Blopte which was expected to form from this gel would have a chemical composition
similar to biotites of the P group acc. to Marakushev and Tatarin (1965) or to
biotites occurring in metamorphic schists and gneisses of the amphibolite facies,
containing garnets (Perchuk, 1973).

In'sorr.xc experiments also natural biotite (< 2 um fraction), derived from
Scandinavian pegmatites, was used. It was the polymorphic modification 1M of
the following chemical composition: 35.57% SO, 300% 0, 1786% A0
21.21% Fe,0,, 8.30% MgO, 1.04% Ca0, 10.00% K0, 0.14% Na.0, 3.58% H,0"

Biotite or gel of a composition of biotite was placed in platinum capsul;s in
a reactor designed by Kotov and Kopeikin (1972) and kept under the constant
conditions of 7" = 500° and Puyo = 1 kbar in the presence of pure water, HCl
(pH="1), as well as 0.5 N aqueous K,CO,, KCI and K,SO, solutions. Aft’er the
run was ﬁmshed, the reactor was cooled (about 5 min.), thé pressure decreased
and the resulting material was subjected to X-ray analysis (DRON-1, CuK_, 35 kV’
18 m_A. Nll filter, slits: 0.5, 1.0, 0.25, time constant 2 sec., goniometer, angulua’\r S eeci
2°/rr;‘m. with the sample rotating in its plane at 60 r.p.m.). e

Or some experiments two platinum capsules were i i
reactor: one with biotite obtained by synthezis with K SpOUtoSrlT(lgartlﬁg li)stll};e;nw[i}t‘}?
natural biotite. These materials were kept at a pressuzre gf water ,vapour with an
addition of KCI, AICI, or AlF, under the same T — py,o conditions as before.

* 1A =0.1nm (SI).

o vrvenmine——

The aim of these experiments was to
investigate and compare the alteration of
the structure of biotite in the presence
and absence of mineralizers.

Synthesis of biotite from gel

In a medium of pure water vapour,
the crystallization of gel with the for-
mation of biotite takes place already
after one day (Fig. 1b). This is evidenced
by the appearance of its basal lines
(dgy=:10.05; dogs= 3.38 5 ds=1.99 A),
as well as of general reflections (d,,, =
=i4.50.1d = — 3.64:d S=$l08d 5

5
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= 2.59; dyy 1z T ?1'41; 202,183 = <195
dyso 37 = 1.530 A) in the X-’ray powder
pattern. Both the arrangement of reflec-
tions and their intensity ratios indicate
that it is the polymorphic modification 1 M
of biotite. In the ranged = 1.48—1.52A a
broad, diffuse band has been noted. The fa-
int line d,,, = 1.512 A suggests the pre-
sence of metastable muscovite. Simulta-
neously, after one day, the intensity of
hematite reflections 2.69 and 2.51 A in-
creases compared with that in gel (Fig.
la, b). This shows that the degree of
crystallinity of hematite has become hig-
her, and also that not all the iron present
in .gel enters into the structure of biotite.
Fig. 1. X-ray diffractograms of initial gel (a) and PrOIO?gation of theh:ﬁiperimer}t 9 A: (ljlz.lys

i g . : Fig. 1¢) increases the degree of crystalline
products of synthesis in medium of water (per%ecti)on Eite e e

vapour (b—1i) | 1 ;
b — pure water vapour, after 1 day; ¢ — pure water = 291 A appears). Hematite St.lll remains
vapour, after 4 days, d — with HCI, after 1 day, e — as a separate phase and, Judgmg by the

with HCI, after 4 days, / — with .KCl. after l~duy, reflection intensity. its content in the
A i w‘ﬁi"g"gg 3,,(:{?: ';hd.:y: l;: 5 i,sioo,‘i};“l,jr_l synthesis product does not change signi-
R A R T A ficantly. The addition of HCI to the active
zone of the reactor, where the pla-

tinum capsule with gel is placed, not only failed to increase the degree of
crystallinity of biotite (Fig. 1d) but, on the contrary, wealfer?ed the diffraction
lines of this mineral. Also hematite is formed aqd, although.lt is known that .the
presence of HCl enhances the solubility of Fe,O,, it does not d{sappeqr..I} is feasible
that hematite crystallizes in the form of large plates ?llready in the initial stage of
the experiment and, in consequence, its dissolution in water vapour is hindered.
A similar behaviour of hematite was observed by quqs and Eugster (1965) during
the recrystallization of gels under hydrothermal gondltlons. ok s
The raising of the pH of the hydrothermal environment by an addition of K,CO;
results in essential changes in the nature of the new-forming phases. The reflections
5.44, 5.01, 4.31, 3.95, 3.10, 2.57, 2.46, 2.43, 2..21, 20007 A,‘ yvhlch appear in the X-ray
diffractogram (Fig. le), testify to the formation of kalsilite (ASTM, card no. 11—
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—579). The appearance of this framework aluminosilicate causes partial removal
of Al, Si and K from the gel, thus affecting the synthesis of biotite. Although biotite
yields its characteristic lines, the 020 and 060 reflections shift respectively to 4.56
and 1.540 A, testifying to a substantial expansion of the parameter b of the unit
cell of biotite. This is presumably due to a larger amount of iron occupying the
octahedral sites. Simultaneously, however, hematite forms, and this fact confirms
the previous statement that this mineral, showing a high crystallization rate, has
a tendency to metastable formation also under hydrothermal conditions at in-
creased alkalinity.

The highest degree of crystallinity of biotite was obtained during its synthesis
with additions of KCl and K,SO, (T — py,, parameters as before). The prolonga-
tion of the reaction time from 1 to 3 days results in the formation of a biotite that
yields narrower and more symmetrical lines in the X-ray diffractogram (Fig. 1f—i).
This is particularly pronounced for the reactions with K,SO, The presence of the
sulphate ion, formed during the hydrolysis of K,SO,, does not give rise to sulphate
minerals. The hematite lines also appear in this case, yet their intensity decreases
as the experiment is prolonged. A certain increase of the b parameter of the unit
cell of biotite during 3-day experiments with KCl and 1—3-day experiments with
K,SO, suggests that more iron occupies the octahedral sites.

In conclusion, it can be stated that a weakly acid environment (experiments
with an addition of KA and K,SO, promotes better ordering of the structure of
biotite while the presence of excess potassium in the system prevents this component
from passing into the water vapour phase.

Alteration of synihetic biotite

: The first stage involved investigation of the behaviour of synthetic biotite kept
in an atmosphere of pure water vapour at 7' = 500°C and p, , = 1 kbar. The
blotxt.ez synthesized earlier in the presence of KCl (Fig. 1g), waszkept under these
conditions for 3 days, but no perceptible degradation of its striicture occurred. On
the contrary, the intensity of its diffraction lines increased and they became more
symme.trlcal, which suggests that the material acquired a higher degree of crystalline
perfection. At the same time, the biotite preserves the modification 1M. This fact
1pdnqates primarily .that potassium present in the interlayer spaces of biotite is
relatively strongly bound up with its structure and does not pass to the gaseous
(water vapour) phase. The intensity of hematite lines (2.71 and 2.52 A) decreases
s!lghtl){, which presumably testifies to its partial dissolution. All the above con-
siderations are also true of biotite synthesized in the presence of K SO,.
' Hydrqthermal treatment of biotite (obtained by synthesis with K 2SO it Fig. 1i)
in a medium containing AICI, brings about significant alteration i)f t?lis mineral
already after 1 day. The diffraction pattern shows only its most intensive lines:
9.96, 451, 3.34, 2.62, 2.42 A Instead, there appear reflections due to two new-.
-forming phases. One is characterized by the basal reflections d, = 7.08 and
ds = 3.52 A, as well as by general reflections: diol= 2:570d & 2.37. didhi=
= 1.998, dy, = 1.537, d,, = 4.51 A, which permit assigning ftozto (Mg’ /{(l")‘ =
serpentines, presumably of the structural type B (acc. to Zwyagin et al 1966) The
g;h;r phise is charactepzed by the reflections 5.54, 3.33, 2.78 and 2.25 A ana can
faimesl.crn e;l4as agda]usﬂe (ASTM, card no. 16 —602). Alongside of these reflections,
o hm%' -2, 4.9 and 4.44 A have been noted in the X-ray diffraction pattern,
which testifies to the presence of other new-formed minerals with a layer structure,

More intensive lines of these minerals i
. Were recor igati
of alteration of natural biotite (see below). o when Sy e
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Prolongation of the experiment to 4 days under the same conditions leads to
better development of (Mg, Al)—serpentine and andalusite. At the same time,
the structure of biotite is destroyed almost completely. Moreover, the faint lines
due to the above-mentioned mineral admixtures with a layer structure disappear
and so do the reflections of hematite which was present in a small amount in the
initial material.

Potassium was added to the system in the presence of AIF, to find whether
this would prevent the rapid breakdown of the structure of biotite. It appeared
that in the presence of KCl + AIlF, biotite is preserved both after 3-days (Fig. 2d)
and 7-day (Fig. 2e) treatment. Yet, the presence of fluorine in the system leads to
the formation of its separate phases. The most pronounced in X-ray diffraction
patterns is a phase which on the basis of the characteristic reflections (d,,;, = 3.69,
dye = 3.20, dyy, = 3.04, d,,, = 2.94, d,,, = 2.49, dyg, = 2.39, dy,, = 2.36, d,;, =
=211, d,,, = 2.06 A) can be identified as topaz (ASTM, card no. 12—765).
The other phase, on the basis of reflections: d,,, = 3.26, d,,, = 2.59, d,,, = 2.23,
d,,, = 1.71, d,,, = 1.64 A, can be defined as magnesium fluoride, probably with
an admixture of iron. Prolongation of the treatment to 7 days leads to the synthesis
of (Mg, Al)—serpentine (reflections 7.01, 3.50, 2.37 A) as in the medium con-
taining AICl,. The formation of the two-layer structure of (Mg, Al) — serpentine
as a result of transformation of the three-layer structure of biotite is a rule, irrespective
of the form in which aluminium has been introduced into the system (aluminium
chloride or fluoride). Besides, in the case of AlF, addition, fluorine reacts with
biotite combining with silicon and aluminium (synthesis of topaz), as well as with
magnesium (synthesis of magnesium fluoride). ;

Alteration of natural biotite

The X-ray diffraction pattem of the natural biotite used for investigation is
shown in Figure 3a. As appears from Figure 3b, this biotite does not undergo any
appreciable alteration in an environment of pure water vapour (cf. similar behaviour
of synthetic biotite under the same experimental conditions). When AICI, is intro-
duced into the system, biotite essentially transforms after l-day treatment into
three minerals: (Mg, Al)—serpentine, andalusite and muscovite. Judging by the
preserved intensive reflections of biotite, however, its structure is not completely
destroyed, which seems to be due primarily to the large size of its flakes. In contrast
to the alteration of synthetic biotite, a small amount of chlorite also forms from
natural biotite.

Prolongation of the reaction to 4 days results in the better development of
chlorite, which fact is reflected in a higher intensity of its diffraction lines 14 and
4.70 A (Fig. 3d). The amount of new-forming muscovite virtually does not change
whereas the content of biotite decreases.

Comparing the experiments with synthetic and natural biotites, it will be noticed
that the alteration product of the latter contains a large amount of andalusite
already after one day (cf. the intensity of reflections 5.54, 5.58 and 2.78 A in Figs. 2b
and 3c). Prolongation of the reaction time fails to increase its content in relation
to the other new-forming minerals (Fig. 3d). At the samg time, the content of (Mg,
Al) —serpentine in the alteration product tends to increase at the expense of the
destruction of biotite. g

The results of experiments in 'a medium containing KCl + AIF, (Fig. 3e, f)
are similar for synthetic and natural biotites (cf. Fig. 2d, e). In both cases, the
principal phases formed in the prolonged experiment (7 days) are (Mg, Al)—
serpentine, topaz, magnesium fluoride + muscovite, andalusite (Figs. 2e and 3f).
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Fig 2. X-ray diffractograms of the products of
synthetic biotite alteration in medium of water
vapour

a — pure water vapour, after 3 days, b — with AICI,, 3

after 1 day, ¢ — with AICI, after 4 days, d — with

AlF,+KCl, after 3 days, ¢ — with AlF 4+ KCl, after

7 days. B — biotite, S — (Mg, Al)~—serpentine, A —

andalusite, 7' — topaz, MF — MgF, (other symbols
as on the Fig. 1)
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Fig. 3. X-ray diffractograms of the initial natural
biotite (a) and products of its alteration in
medium of water vapour (b -/

b — pure water vapour, after 3 days, ¢ — with AICI,,
after 1 day, d — with AICI, after 4 days, ¢ — wil-‘h

I AlF,+KCl, after 3 days, f — with AlF +KCl, after

7 days. M — muscovite, Chl — chlorite (other symbols
as on the Fig. | and 2)

DISCUSSION

The above studies have shown that at Puyo = 1 kbar and T = 500°C, the

synthesis of biotite from gel of a stoichiometric composition of this mineral

more readily in the presence of potassium in an acid medium with ClI- and SO?-
4

apions than synthesis in a
tion of K,CO,), on the ot

to become to a higher degree an analo

1973 d). This leads to the s
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;ralure water vapour medium. An alkaline medium (addi-
er hand, causes alum}qxum as an amphoteric element
gue of silicon (Frank-Kamenetski et al.,

I ynthesis of a fram ili — kalsili i i
the conditions of formation of biotite. o e L AL

proceeds

In the presence of aluminium chlorides and fluorides, under hydrothermal
conditions (py,o = 1 kbar and T = 500°C), both synthetic and natural biotites
appear to be unstable. This is due not only to an increased aluminium content
but also to the fact that at higher py,, — 7 parameters AICl, and AlF, hydrolize
with the formation of an acid environment containing HCl and HF. Such an en-
vironment favours the removal of potassium from the interlayer spaces of biotite
and, if the reaction time is prolonged, also from the new-formed muscovite. In
consequence, the weakening of the interlayer bonds occurs, attended by the passing
of the three-layer structure of biotite into the two-layer structure of metastable
(Nelson, Roy, 1958) (Mg, Al)—serpentine, and the precipitation of andalusite
in the form of a separate phase. The presence of some excess potassium in the system,
when KCl and AIF, are added, slows down the degradation of the structure of
biotite, preventing potassium from passing from the structure of biotite into the
gaseous phase.

Slight differences in the composition of the initial materials affect the nature
of the new-forming minerals, with the structure of biotite being degraded in the
presence of AICIL, and AIF, Thus, small amounts of chlorite and muscovite form
at the expense of natural biotite after 4—7 days, while during the treatment of
synthetic biotite these minerals appear only as transitional, unstable phases.

To summarize, it can be stated that at elevated temperatures and pressures
in an acid hydrothermal environment, magnesium and iron are fixed in the 1:1
layer structure of (Mg, Al)—serpentine, a trioctahedral analogue of kaolinite.
The synthesis of (Mg, Al)—serpentine instead of purely aluminium kaolinite is
due to the unstability of the latter under the experimental conditions: 7' = 500°C
and py,o = 1 kbar (Frank-Kamenetski et al., 1973 b).

The above results represent the processes of alteration of biotite in which ma-
gnesium and iron play an active role. Under the natural conditions, in the low-
-temperature zones of hydrothermal alteration of rocks and in the hypergene zone,
the common product of alteration of the three-layer structure of biotite is also
a two-layer structure, appearing in the form of minerals of the kaolinite group.
A feature differentiating the conditions discussed is that in the natural environment
magnesium and iron are removed from the system in the form of carbonates (dolo-
mite, siderite) or oxides (hematite, magnetite, maghemite), or even as ions, and
the low mobility of aluminium and silicon favoures the formation of kaolinite,
aluminium oxides, as well as SiO, minerals.
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E.A. GOILO, N.V. KOTOV, W.S. SIKORA

SYNTEZA BIOTYTU I JEGO HYDROTERMALNE PRZEOBRAZENIA

Streszczenie

Syntetyzowano biotyt z gelu o skladzie chemicznym tego mineratu, w tempera-
turze T = 500°C i cisnieniu p, . = 1 kbar, w $rodowisku h Inym
rze I bar, ydrotermaln za-
wierajacym K,CO,, KCl i KZSZO4. Stwierdzono, ze synteza zachodzi nzfirllepiej
w $rodowisku s?abo kwasnym, W obecnosd potasu w fazie gazowej (dodatek KCl
lul? KZSO) w srqdowxslgq alkall'czpym (dodatek K,CO0,), oprécz biotytu, w znacz-
nej ilodci tworzy sie kalsilit, co Swiadczy o stosunkowo tatwym wchodzeniu glinu

tet T y ponle p mf yﬂl p l
s >
w T aed waz 1€TW laStek ten ]akO a oter , W Znaczn stopniu est

W obecnosci AICI,,

w tychze samych o . ;
syntetyczny jak i .natura yeh warunkach T — p, ., zaréwno biotyt

Iny s3 nietrwale i przechodza w andaluzyt, (Mg, Al) —
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serpentyn i muskowit. Muskowit fatwiej tworzy si¢ z biotytu naturalnego. Obecnosé
w uktadzie fluoru (dodatek AlF,) prowadzi do powstania, oprocz (Mg, Al)—
serpentynu i muskowitu, samodzielnych faz zawierajacych fluor: topazu i MgF,.’
Proces niszczenia struktury biotytu zostaje zwolniony przez dodanie do uktadu
potasu (w formie KCI). Obecnoé potasu w fazie gazowej zabezpiecza przed usuwa-
niem tego pierwiastka z przestrzeni migdzypakietowych biotytu.

Przeprowadzone badania modelujg te procesy hydrotermalnych przeobrazen
biotytu, kiedy magnez i zelazo biora aktywny udzial w przeobrazeniach fazowych,
co prowadzi do syntezy dwuwarstwowej struktury (Mg, Al)—serpentynu, fazy
metastabilnej, ktéra z uptywem czasu przechodz w chloryt.

OBJASNIENIA FIGUR

Fig. 1. Dyfraktogramy rentgenowskie gelu wyjsciowego (a) i produktéow syntezy, w Srodowisku pary
wodnej (b—i)

b — czystej pary wodnej, przez okres | d, ¢ — czystej pary wodnej, przez okres 4 d, d — z dodatkiem HCL
przez okres | d, ¢ — z dodatkiem HCI, przez okres 4 d, / — z dodatkiem KCl, przez okres | d, g — z dodatkiem
KCl, przez okres 3 d, h — z dodatkiem K,SO,, przez okres 1 d, i — z dodatkiem K,SO,, przez okres 3 d. B —
biotyt, H — hematyt, K — kalsilit. 2

Fig. 2. Dyfraktogramy rentgenowskie produktéw przeobrazenia syntetycznego biotytu, w Srodowisku
pary wodnej
a — czystej pary wodnej, po okresie 3 d b — z dodatkiem AICI, po okresie 1 d, ¢ — z dodatkiem AICI,
po okresie 4 d, d — z dodatkiem AIF,+KCL po okresie 3 d, e — z dodatkiem AIF,+KCl, po okresie 7 d
S — (Mg, Al)—serpentyn, A4 — andaluzyt, T — topaz, MF — MgF, (inne oznaczenia jak na fig. 1).

Fig. 3. Dyfraktogramy rentgenowskie biotytu naturalnego (a) i produktow jego przeobrazenia, w
srodowisku pary wodnej (b—f)
b — czystej pary wodnej, po okresie 3 d, ¢ —z dodatkiem AICIl, po okresie 1 d, d — z dodatkiem AICI, po
okresie 4 d, e — z dodatkiem AIF,+KCL po okresie 3 d, / — z dodatkiem AIF,+KCl, po okresie 7 d. M —
muskowit, Chl — chloryt (inne oznaczenia jak na fig. 1 i 2).

3.A. TOMI0, H.B. KOTOB, B.C. CUKOPA
w o

CUHTE3 BUOTUTA
M Er0 r’MAPOTEPMANbHbLIE MPEOBPA3OBAHMUA

Peszrome

BUOTUT CUHTE3UPOBaH MO reko COCTaBa 3TOMO MUHEpana B YCNOBUAX Pyyo =
= 1 k6ap, T = 500°C & HCI, K,CO,, KCI, K,SO, — coaepxawux ruapoTepmant-
HbIX Cpeaax. YCTaHOBNEHO, YTO HaWUyuLLIMit CMHTE 6UOTUTA AOCTUraeTCA B cnabo
KMCNIO cpeae npu Hanuuuu B naposoit dase K~ (aobaekn KCl unn K,SO,). B
wenouHoit cpepe (aobaska K,CO,), kpome 6uoTuTa, no rento 8 GonbioM Konu-
YecTBEe CUHTEIUPYEeTCA KanbCUNWT, YTO CBUAETENbCTBYET O MPEUMYLUECTBEHHOM
BXxoXaeHun Al B TeTpasapbl, NOCKONbKY 3TOT 3/1€MEHT, KaK amMpoTep, B Gonbluen
CTeneHW CTAHOBUTCA aHanoroM KpemHus. B nmpuccytcTBun pobasku :AICIJ, npu
NPOYMUX OAMHAKOBBIX YCNOBUAX, KaK CUHTETUYECKUHA, TaK U MPUPOAHBIN 61oTUTSI
He YCTOMUMBLI M 3aMeLLaroTCA aHAanysnuToM, 7 A(Mg, Al)—cepneHTUHOM U MyCKo-
BuTOM. MyckoeuT nydwe GopMupyeTca no nNpUpOAHOMY 6uotuty. Hanuuune
¢dTopa B cucreme (AIF,) npusoauT K GOPMUPOBAHWIO NO NMPUPOAHOMY U CUHTETH-
YeckoMy GMOTMTAM CaMOCTOATENbHbIX (GTOPCOAEPXKALIMX (a3, TaKUX Kak Tonas
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myckoBuT). lpouecc paspyweHnus 6uotuTa B
Gaske kanua B cuctemy (B dopme KCI). Ha-
NWUME B 3TOM CNyyae Kanus B NapoBOW ¢ase NpeAoXpaHAeT oT BbITECHEHUA 3TOMO
3neMeHTa ¥B MEXNaKeTHbIX NO3MUMKA CTPYKTypbl GuoTuTa. OnbIThl MOAenupyroT
TOT NPOUECC rMAPOTEPMANBHBIX uaMeHeHul 6uoTuTa, korsa Mg n Fe npunumatoT
akTMBHOE yuyacTe B (a3oBbix NpeobpasoBaHUAX, YTO BEAET K cunTesy 1:1 cTpyk-
Typel 7 A(Mg, Al)—cepnenTuna — MeTacTabunbHONW (asbl, KOTOPbIA C TeYeHueM

speMenyu nepexoaut B 14 A —xnopur.

u MgF, (£(Mg, Al)—cepneHTuH,
3TOM Cnydae 3aMEANAeTCA NpH Ao

OBBACHEHUA K ®UTYPAM

®ur. 1. [AudpakTorpaMMbl UCXOAHOTO FENA W NPOAYKTOB CUHTE3a:
0 — WCXOAHBIA renb; b — BUOTUT, CUHTEIUPOBAHHbIA B YUCTOM soawol cpeae, 1 cyT., ¢ — To xe, 4 cyT,
d — To xe, ¢ aobaskoi HCl, 1 cyT., e — To xe, ¢ K,CO,, 1 cyT,, f — 1o xe, ¢ KCI, 1 cyT., g — TO Xe, 3
cyt., h — To xe, ¢ K,SO, 1 cyT,, i — TO Xxe, 3 cyt. H — rematut, B — 6uoTtut, K — Kanscunut

®ur. 2. AudpakTorpaMMbl, UNNIOCTpUpYIOLIKE NOBEACHUE CUHTETMYECKOro DUOTHUTA B PaznnuHbIX

rUApOTEepManbHbIX Cpeaax
o — 6uoTuT, obpaboTanHbiit uuctor H,O — naposoi ¢aioi, 3 cyt., b — 7ot xe, ¢ AICI, 1 cyT,, ¢ — TO
xe, 4 cyT., d — To xe, ¢ KCI4+AIF;, 3 cyT., e — T0 xe, 7 cyr. S — (Mg, Al)—cepnenTun, A — aHAanys3uT,
T — Tonas, MF — ¢Topua Markus (apyrue obosHaueHua CM. Ha dur. 1)

®ur. 3. [AudpakTorpaMMbl, UNNIOCTPUPYIOLUHE NOBEAEHUE NPUPOAHOTO 6MOTUTA B Pa3INU4HbIX TMAPO-

TepManbHbIX Cpeaax 3
a — MCxoaHbii BMOTHT; b — ToT ke, obpaboTaHubiii yucTon H,O—naposoi ¢asoi, 3 cyT.; ¢ — TOT Xe,

c AICI, 1 cyt.; d — To e, 4 cyT.; e — Tor xe, ¢ AIF,+KCl 3 cyT.; f — 1o xe, 7 cyT. M — myckoeuT, Chl —
xnopuT (apyrue obosnauenns cH. Ha dur. 1 u 2)



