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Study of the hydrates C3A .CS.H,, C;A.1/2CS. 1/2CH.H,, C;A.
.CH.H; and C3(A, F) . (CS)y.(CH)\_y . Hy showed that the H,O content
as well as the stability of the hydrates are associated with their laminar structure.
According to an accepted model, the compounds consist of cationic, anionic
and neutral layers. The Al—Fe substitution in the cationic layer does not
affect its thickness, and both the composition and thickness of the anionic layer
are variable. Dehydration of each of the hydrates starts in the neutral layer.
Under suitable conditions (temperature, relative humidity, reaction time),
the dehydration and rehydration processes are reversible, unless the value of x
falls below 6, when destruction of the structure occurs. Hydrates with x = 12
are stabilized by the presence of alternating cationic and anionic layers. Ex-
perimental results have proved that the values of basal diffractions dooor of the
hydrates depend on parameters x and y.

INTRODUCTION

The expansion of sulphoaluminate cement pastes on setting and their increasing
impermeability during the hardening process are closely associated with the for-
mation of crystalline hydrates by hydration of cement clinker. The way the che-
mically or physically fixed water is incorporated is therefore of interest not only
from the standpoint of structural knowledge, but also from that of the contribution
of the hydrates, generally designated the AFm phase, to the physico-chemical
properties of the hardened cement-water paste. However, study of the hydration
reactions and formation of the hydrates in the system CaSO,—C a (OH), —Al,0; —
—Fe,0;—H;0 is complicated by contamination of the system by ambient CO,
and by the formation of carbonate phases involving changes in the water content
of the hydrates. For example, the CO3- — 2 OH~ substitution is in fact nonequi-
valent by volume and results above all in a change of the lattice parameter ¢
in the hexagonal unit cell of the C;A .%CaCO;. (1 — y) CH. H, phases, while
the change in the a parameter is lower by one order of magnitude. For the sake of
comparison, the unit cell of the compound C;A . CH. H,;, space group of R3c
symmetry, has the hexagonal cell parameters @ = 5.73 A, ¢ = 6xc’ = 47.16 A [1]
(¢’ = 7.86 A is the reduced value of parameter c representing the thickness of the
basic layer oriented perpendicularly to ¢ axis, from which the periodic structure
of the substance is created by translation symmetry operation (¢ = ¢’), or its
polytype (¢ = mc’, where = is mostly 3 or 6) by means of partial symmetry
operations), whereas the C;A . 1/2CH . 1/2CaCO; . H,, phase has the hexagonal
cell parameters @ = 5.72 A, ¢ = 49.20 A (¢’ = 8.20 A) and the P6, space group
symmetry [2].

Use is made of the abbreviated notation of oxides common in cement chemistry: C = CaO,
A = AleJ, F = FezOJ, S = SOJ’ H = Hzo
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The greatest stability is exhibited by the cationic part of the layer containing
the [Ca,M(OH)s]* groups, where M = Al3+, Fe3* or (Al, Fe)3t, coordinated by
water molecules and producing the stable formation of the type [Ca,M(OH)s .
. 2 H,0]* Fig. 1 [1, 3—7]. The thickness of the cationic part of the layer is control-

Fig. 1. Scheme of the projection of groups [Al(OH)s] and [Ca(OH)s . H,O . SO4] into plane (001)
with indicated coordinates z (A) of the atoms.
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Fig. 2. Structural model of the hydrates [Ca;Al(OH)s . 2 H,0}* [—; SOs . H;0 B (3 H20) —

—(CsA. CS. H,3) and [Ca,Al (OH)s . 2 H,OJ+ [OH . H,0]~ (3 H;0) - (C;A . CH . His).
The sections on the reduced ordinate ¢’(¢’ = c/n = doont) correlate with the coordinates z of the atoms
in Fig. 1.
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led by the [Ca(OH)s . H,O] polyhedron with the Ca2* cation and an oxygen atom
from water molecule situated on the threefold symmetry axis (Fig. 1). The di-
mensions and shape of the group [Ca(OH)s . H,O] were determined by X-ray
structural analysis 1, 4, 6], (Figs. 1 and 2).

The substitutional changes in the anionic part of the aluminate, sulphoaluminate

and AFm phases of the type [%y S0%3-.(1 —y) OH-. HZO]] affect significantly

the value of the hexagonal cell parameter ¢. The AFm phases may also be considered
as _a solid solution of the end members of the join C3(A, F).CH . H, — C;5(A, F).
. CS . H, [8], of the type Cs(A, F).CS,.CH,_, . H;. Taylor [9] has limited the
AFm phases by the value S/C = 1/4.

Some of the contradicting data in the literature were due, apart from the con-
tamination of hydrates by carbon dioxide, also to the variable amounts of water
in the anionic and possibly also the neutral part of the layer containing solely water
molecules [10].

The present study had the aim to work out a standard and consistent structural
model of the hydrated phases C;A .CH . H;, C3A . CS.H,, C;A.1/2CS. 1/2CH.

.H; and C;(A, F).CS,.CH,_, . H; with laminar structure and thus to explain
the relative stability of some of the hydrates (x = 10, 12, 15, 18) as well as the
formation of solid solutions and their effect on the layer thickness.

EXPERIMENTAL

The following two-step reaction was used of in the preparation of monosulp-
hoaluminate hydrates having the composition C;A . CS . H,:

I. 4C4A3S + 8 CSH, + 24 CH + 74 H = 3 CsAS;Hs, + 3 C4AsS + 18 CH, (1)
II. 3 CsAS;Hs, + 3 C4AS + 18CH + (122 — 114) H = 12C;A.CS . H

The first stage of the reaction yields ettringite, C4AS;Hj;, which in the second
stage combines with the unreacted portions of C4A;S and CH, giving C;A . CS . H,.
The latter product was isolated from the crystallizing solution after 48 hours
by low-temperature filtration or by stirring the crystallization solution with
aceton and filtering off the insoluble product which was then dried at a chosen
temperature. In the former case, the fine crystals had a higher content of water
(z = 15), in the latter the hydrates had a variable water content according to the
temperature of drying chosen (z = 10 or 12).

The solid solution C3A . 1/2 CH . 1/2 CS. H, was formed by the following
reaction:

1 - 1 _
C4A3S+§CSH2+gCH-|—(3x—7)H=3C3A.1/2CH.1/2CS. H,. (2)

The rapid course of reaction (2) allows the product to be isolated already after
2 hours of reaction by shaking the crystallization solution with aceton and using
vacuum filtration. Solid solutions with a water content of x = 15.5 to 16 were
isolated. 3

The solid solution C3(A, F).CSy.CH,_y . H;, AFm phase, is formed by the
reaction

C4AF + 2yCSH, + (4 — 2y) CH + 2(z — 2y — 1) H = 2 C5(A, F) .
.CS,.CH,_,.H,. (3)
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The minimum reaction time is 24 hours at room temperature, because during that
time the reaction system is contaminated with ettringite. The reactivity of brown-
millerite depending on its particle size [11] and the reaction time affect the
values of y; they decrease with reaction time but even extremely long reaction
times did not yield a reaction product with y < 0.3. The reaction products
isolated by vacuum filtration at room temperature or by shaking the crystallization
solution with aceton and final drying, had a characteristic water content of x = 12.

The C4A3S used in reactions (1) and (2) was obtained by heating a homogenized
mixture of CaCO;, CSH; and AHj;, all of A. R. purity, at molar ratios 3 : 1 :3.
After decarbonation and heating at 1525 K, the specimens were repeatedly ho-
mogenized and heated at 1525 K. The C;AF employed in reaction (3) was
synthetized by heating nitrate-tartarate precursors at 1475 K [11]. The fine fractions
of both compounds were obtained by thorough grinding in an agate mortar. They
showed a specific surface area of 4050 cm? g~ ! after Blaine. The phase purity was
checked by X-ray phase analysis on the Philips 1540 powder diffractometer using
CuKzx or FeKa radiation. The Ca(OH), was employed in freshly prepared hydrated
form after washing with aceton and drying in CO,-free atmosphere.

The hydration products were identified by X-ray powder diffraction analysis.
The resolution of the basal diffractions is illustrated on the case of hydrates
C3A .CS. H](](M]()), C3A .CS. HIZ(MIZ) and C3A .CS. H15(M15) (Flg 3)

M12
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’ Mss
426 592 . 10,30
M10 M0
826 8

JLU JL

Fig. 3. Positions of basal diffractions (0008) and their interplanar distances dooor (A) of the hydrates
C3A.CS.H,o (M), C3A.CS.H;2 (My2) and C3A . CS. Hys (Mys), and their mixtures in X-ray
diffraction pattern with the use of CuKa radiation.

The content of chemically and physically bound water was determined by
thermogravimetric analysis (Derivatograph Q 1500 D) using simultaneous recor-
ding of TG, DTG and DTA curves.
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RESULTS AND DISCUSSION

The structural model of the laminar hydrates C;A.CH . H,, C;A.CS . Hg,
C;A.1/2CH.1/2CS . Hzand Cs5(A, F) . CS, . CH;_, . H;, comprising the cationic,
anionic and neutral parts of the layer, was established on the basis of data obtained
from X-ray structural analysis [1 through 7] (Table I) and from the dependence
of the values of ¢'(dooor) Oon water content x, as plotted in Fig. 4.
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Fig. 4. Relationship of the reduced lattice parameter ¢’(c’ = c/n = dooor A) of the hydrates C;A .
.CS.H; (My), CGA.CH.H; and C;A. 1/2CS .1/2CH . H,. The symbol M3* designates solid

1 -
solutions composed of layers [ g SO, . H;O] and [OH . HO)~; M3$* i3 the solid solution consisting

1 1 -
of layers [-I S0.. ~OH. HzO] .

2

-

In all of the laminar hydrates considered, the cationic part of the layer has the
characteristic composition

[Ca,M(OH), . 2 H,07+, 4)

where M is Fe, Al or (Fe, Al) and a characteristic thickness. The latter wasdetermin-
ed by means of position parameters z (in A) of atoms controlling the thickness
(Figs. 1 and 2): z (OH) = —1.000(5) A; z (M) = 0; z (Ca) = 0.57(1) ;2 (OH)' =
= 1.000(5) &; z (H,0) = 3.08(3) A (Fig. 2). The z parameters and their standard
deviations were calculated as selective averages of structural data for the laminar
hydrates CzA . CH . Hy, [1], C3A . CS . Hy; [6], C5A . CaCl, . Hyp [4], C3A . CaBr, .
. Hyo [4] and C3A . Cal, . H;o [4]. Substitution of A3+ ions by Fe3+ ions has a negli-
gible effect on the thickness of the cationic layer as a result of the small difference
in the ionic radii (rge+ — rap+s) = 0.11 A), which represents 2.7 9 of the layer
thickness d, = 3.08 — (—1.00) = 4.08 A.

The thickness of the anionic layer, which is characterized by the general composi-
tion

[—;— y S0}~ . (1 — y) OH- .HZO]—, (5)
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Table 1

Crystallographic data of the laminar hydrates C3A.CH . H., C;A. CS.H,, CA. C@;, .CH,_y.
.Hz and C5(A, F) . CS, .CH,_, . H,

Structural formula

Space group

au (A)

cu (A)

¢ (A)

(observed value)
v

(cig,lculated value)

Literature

[CazAl(OH)c .2 Hzo]+
[Ls0..0)

8.26

3, 13, 18—20, present study

Hydrate C;A.CH. Hio CiA.CH.H;

Structural formula [Ca;Al(OH)s . 2 H20]* [CazAl(OH)s . 2 H,O]*

[OH. O~ [OH . H,0]- (3 H;0)

Space group !

au (4) '

CH (A) !

¢’(dooot) (A) 7.40 : 10.70

(observed value) :

c’(A) 10.68

(calculated value)

Literature 14,15 14—17
Hydrate C:A.CH.Hjp C:A.CS. H,

Structural formula [Ca2Al(OH)s . 2 H,0]+ [Ca;Al(OH)s . H,O1*

[{OH . H,0]~ [OH. O]~

Space group R3c

an (A) 5.73

cu (A) 47.16

¢'(dooot) (A) 7.86—17.92 8.05

(observed value)

¢ (A) 7.90

(calculated value)

Literature 1,3 18—20
Hydrate ? C;A . CS. Hyo C:A.CS. His

[CazAl(OH)g .2 I‘IzO]+

1 S3
[? SO4.H20] (? H;O))

10.30

10.31

3, 21, present study

Hydrate
Structural formula

CA.CS.Hu
[Ca:Al(OH)s . 2 H,0)*

1 _
[—2— SO, . Hzo]

C3A.1/2CS.1/2CH. Hu
[CazAl(OH)s . 2 H,0]*

1 1 -
[T S0, . 5 OH. HIO]

Space group R3
. an (A) 5.76
cu (A) 26.74
¢ (A) 8.92—8.93 8.77
(observed value)
¢ (R) 8.92 8.77
(calculated value) )
Literature 3, 6,14,18,19, 21, the present 12,13
study
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Hydrate C;A.1/2CS.1/2CH . His.ss | Cs(A,F) . CSo.s. CHous . Hyz
Structural formula [Ca2:Al(OH)s . 2 H, O+ [Ca,Al(OH)s 2 H20]*
1 1 - 0.3 8O, . 0.4 OH . H,0]-
[—so,.—OH.Hzo] [0-3 504 0
4 2
15
(5-m0)
Space group
ag (A)
CH (E)
¢ (A) 10.52 8.50
(observed value)
¢ (A) 10.52 8.52
(calculated value)
Literature the present study the present study
Hydrate | Cy(A,F) . CSo.s CHo.2 - Huz Cy(A,F) . CSo.y . CHo. . Huz
Structural formula [Ca:Al(OH)s . 2 H,01+ [Ca,Al(OH)s . 2 H,0]*
[0.4 S@4 . 0.2 OH . H:0]~ [0.2 SO, . 0.6 OH . H,0]~
Space group
ay (4)
cu (A)
¢’ (A) 8.70 8.30
(observed value)
¢ (A) 8.72 8.31
(calculated value)
Literature the present study the present study

The symbol [] represents the vacant position of H;O molecule after dehydration.

depends on its stoichiometry, i.e. on parameter y. The calcium aluminate hydrates
C;A . CH . H; are characterized by y = 0, the calcium sulphoaluminate hydrates
CsA . CS . H; by the value y = 1 and the solid solutions C3(A, F) . CS, . CH;_y . Hy
can exhibit y values over the interval 0 < y < 1. The value of ¢’(dpoo;) depends

linearly on y only when layers of % S03%- . H,0| alternate with layers of [OH~ .

. H;0] in the solid solution considered, and when no SO%- « 2 OH~ substitution
takes place within the framework of one layer. In such a case, the thickness of
anionic layer d, is affected preferentially by the dimensions of the SO}~ anion and
the dependence of ¢’ on y could not be linear. The problem will be discussed in anot-
her part of the study.

The neutral layer consists of H,O molecules only. Its thickness is given by the
comparison of the ¢’(dooor) values for the pairs of hydrates having identical composi-
tion of the cationic and anionic parts of the layer and differing only in water
H, in the neutral layer. Such pairs can be selected by means of the data in Table 1:

C:A.CH.Hyp(c' =7904) — CA.CH . Hyjg(c' = 10.70 A);
C3A . CS . Hyp(c' =893 A4) — C3A . CS . Hys(c' = 10,51 A);
CsA.1/2CS.1/2CH . Hypy(¢' =8.77A) — C3A.1/2CS . 1/2CH . Hys.05(¢’ =
= 10.52 A).
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These pairs determine thickness dy of the neutral layer, reduced to a content
of 6 H,0, at 2.80 A, 2.76 A and 2.80 A respectively, with] the mean value of 2.78 A.

The thickness of the neutral layer, d,, of an arbitrary hydrate H,, where z
lies within the interval 12 < 2 < 18, can be calculated (on the condition of a linear
dependence of layer thickness dp on z) by means of the equation

x— 12
6
Thickness d, of the anionic layer can be established by means of experimental
values of ¢’ and the known water content z, as well as the known thickness of the
cationic layer, d, = 4.08 A:
da=c’—dc—dn=(c’—4.08—z__61.2_
Such data are available for the hydrates C;A .CH . H;, and C;A.CH . Hyg for
which the following anionic layer thickness d, was established by means of equation
(7), the known values of ¢’ and  (Table I): 3.82 A and 3.84 A respectively, the
mean value being d, = 3.83 A. Similarly, the values of d, = 4.85 A and 4.83 A
with a mean of 4.84 A were determined for the hydrates C3A . CS . H;, and C;A .
.CS . Hys.
In the case of sulphoaluminate-ferrite solid solutions C3(A, F) . CSy . CH1_y . Hy2

the layer thickness ¢’ was found to depend linearly on the y value (Fig. 5). The
layer thickness ¢’ can be determined from the equation

= [7.90 + (8.93 — 7.90) y] = [7.90 + 1.03y] &, (8)

where the coefficient 1.03 is formally equal to the difference of ¢’ values of the end
members of the solid solution series C3(A, F). CSy CH,_, . Hy,ie. C5A. CS.H;.
and C;A . CH . H;;. The regression line in Fig. 5 has a slope of 1.01(2).

Equation (8), which represents the linear dependence of ¢’ on ¥, holds only when
the structure of monosulphate-aluminate or aluminoferrite hydrate consists of

dn = 2.78 A. (6)

2.78) A. (7)

1 -_
alternate layers of the type [2— SO, . HZO] and [OH . H,0]~ in a ratio conforming

to the given stoichiometry. However, if the SO}~ — 2 OH~- substitution takes
plaee within each layer, the dependence of ¢’ on y will no longer be linear, as the
size of the larger SO3~ anion present in the anionic layer will be mamly responsible
-for the layer thlckness ¢’ at a given value of . The values ¢’ = 8.30 — 8.50 A
were found for the hydrate CsA.1/2CS.1/2CH . H,, [12]. The value of ¢’ =
=8.415 A, calculated for composition y = 1/2 by means of equation (8), lies within
the interval of experimental values. The value ¢’ = 8.77 A was declared as a stan-
dard one for the hydrate C;A . 1/2 cS. 1/2 CH . H;, [13] and, in agreement with
our model, represents a structure with anionic layers of [1/4 SO}~ 1/2 OH~- . H,0]
with substituted SO~ and OH~ ions in each anionic layer and a dominating effect of
sulphate anions on the layer dimensions. Point § in Fig. 5 represents the deviation
from linearity ¢’ = f(y) in the series of solid solutions for the hydrate CsA . 1/2 CS .
.1/2CH . H;,.

Dehydration of aluminate and sulphoaluminate hydrates starts in the neutral
layer. After its dehydration, the water content in the anionic layer decreases and
the z value varies over the range of 10 < x < 12. Vacancies are formed in the
anionic layer whose thickness is reduced. The C;A . CH . H;; hydrate, for example,
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has the reduced value of ¢’ = 7.90 A and the anionic layer thickness dqy = 3.83 A,
whereas the C;A . CH . Hyo hydrate has the layer thickness ¢’ = 7.40 A and the
anionic layer thickness d, = 3.32 A (Table I). Similarly, with hydrate C;A . CS .H,,,
the values ¢’ = 8.26 A and d, = 4.16 A decrease as compared to the hydrate
C;A . CS . Hy, for which the values ¢/ = 8.93 A and ds = 4.84 A were determited
(Table I).

1,0
y
08 |

06 |-

0% |-

0 A A 1 A 1 L
78 80 82 84 8,6 88 90
/A

Fig. 5. Relationship between reduced lattice parameter ¢’(¢’ = c/n = dooor A) and y for the hydrates

Cs(A, F) . CS,.CH,_y . Hyz. The stoichiometry of the hydrates (fractions of CaO, Fe;O;, SO;

ozides) was determined on the ARL SEMGQ instrument with the Kevex 7000 adapter for EDS electron

macroanalysis (at the Central Institute of Inorganic Chemistry of the Academy of Sciences of GDR

in Berlin). The standard deviations of the y values are represented by_the length of abscissae in the

corresponding positions. Point S belongs to solid solution C;A . 1/2 CS .1/2 CH . Hy, composed of

[1/4 SO, .1/2 OH . H,0O]~ layers. The points close to the regression line represent solid solutions
composed of [OH . H,0]~ and [1/2 SO, . H,0] layers.

The cationic part of the layer is dehydrated only after the complete dehydra-
tion of the neutral and anionic parts of the layer (6 < 2 < 10); however, the
water content must not decrease below z = 6. In that case the structure would
disintegrate and the reversible hydration and rehydration processes, otherwise
taking place at suitable temperatures and partial water vapour pressure, would
no longer be possible.
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KRYSTALOCHEMIA A STABILITA MONOSULFATOALUMINATOVYCH
A ALUMINATOFERITICKYCH HYDRATOV A ICH TUHYCH ROZTOKOV

Frantisek Hanic, I van Kapralik, Milan Dribik

Ustav anorganickej chémie CCHV SAV, 842 36 Bratislara

1. Vrstevnaté hydraty C;A.CS,.CH,_, . H,, resp. C3(A, F).CS,.CH._,.H, (O <y < 1)

., (1 1 -

st zlozené z kationovej [Ca;Al(OH)s . 2 H,0]*, anionove;j [4— y SOZ-. 3 (1 —y) OH™. HZO]
a neutralnej [3 H,0] vrstvy, ktoré st vzédjomne rovnobezné a orientované kolnio k osi c. Reduko-
vana hrubka celej vrstvy ¢’ = c¢/n (n je celé &islo), resp. doeor, je v uvazovanom S§truktirnon:
modeli aditivnou funkciou hrabky katiénovej, d., aniénovej, d, a neutralnej, d,, vrstvy, tzn.
¢ =d; + d; + d,. Hrabka katiénovej vrstvy zostiava konstantna vo vsetkych uvazovanych
hydratoch (d. = 4,08A). Hrubka aniénovej vrstvy je lineirnou funkciou koeficientu y :dg =
= (3,83 + 1,0ly) A pre z > 12, ale len v pripade, ked sa v &trukture striedaja vrstvy typu

1 - 1
[OH- . H,0] s vrstvami typu [? SO, . HZO] . V pripade, ked sa striedaju vrstvy [~—4 y SO, .

1 _
o (1 —y)OH. HzO] , zavislost d, na y nie je linedrna.

2. Tuhé roztoky Cs(A, F) . C@y CH,_, . H;. maju tendenciu vytvarat struktury, v ktorych
sa striedaju aniénové vrstvy [OH . H,0]~ s vrstvami [— SO, . HZO] , kym tuhé roztoky C;A.

- CS,, CH,_y . H, prednostne vytvéaraji aniénové vrstvy, v ktorych su zastupené sadasne SO}~
a OH~- i6ny.

3. Dehydratécia vrstevnatych hydratov C;A . CSy CH,_y . H;s, resp. C3(A, F) . CSy CHi_y .
- Hys zadina v neutralnej vrstve (minimélny obsah vody 12 H,0), pokrauje dehydratéaciou
anionovej vrstvy (minimélny obsah vody 10 H,O) a ako poslednd dehydratuje katiénova
vrstva, pre ktori nesmie klesnit hodnota z pod hranicu 6, aby nenastala destrukcia truktury.
V intervale hodndét 6 < z < 18 je moZna za vhodnych teplotnych podmienok a parcidlneho
tlaku par H;O reverzibilnd hydratacia a dehydratécia vrstevnatej fazy. V intervale 10 < z <
< 12 dochéadza k uniku molekul vody z anidénovej vrstvy, v intervale 6 < x < 10 z katiénove;j
vrstvy, &o spdsobuje ich kontrakciu.

Obr. 1. Schéma projekcie skupin [Al(OH)s] a [Ca(OH)s . H;0 . SO4] do roviny (001) s vyznalenym:
stradnicami z (A) atémov.

Obr. 2. Struktirny model hydrdtov [Ca;Al(OH)s . 2 H,0]* [_% S0, . H;O] ) (3 H;0) — (C5A.CS. '

.His) a [CazAl(OH)G . 2 H,0]* [OH . H,0]- (3 H,0) — (C;A. CH. Hys). Useky na re-
dukovanej osi ¢’ (¢’ = c/n = dooat) korelujii so suradnicami z atémov na obr. 1.
Obr. 3. Polohy bazdlnych difrakcii (0001) a ich medzirovinné vzdialenosti dooor () hydrdtov C;A .
.CS . Hjo (M), C3A.CS . Hy2 (M12) a CA. CS.H;s (Mys) a ich zmesi v rtg. difrakénom
zdzname 8 poufitim Ziarenia CuKa
Obr. 4. Zdvislost hodndt redukovaného mriefkového parametra ¢ (¢’ = c/n = dooot A)hydrdtov
CsA.CS .H;(M;),C;A.CH. H; a C3A.1/2CS.1/2 CH. H;. Symbolom M5* st oznadené
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1 -
tuhé roztoky zloZené z vrstiev [—2— SO, . HzO] a [OH . H,0]~; M$* je tuhy roztok zlofeny

2 vrstiev [% S0, . % OH. Hzo]'

Obr. 5. Zdvislost hodnit redukovaného mrieskového parametra ¢’ (¢’ = c/n= dooos A) na y u hydrdtov
Cs(A, F).CSy.CH,_y . Hi:. Stechiometria hydrdtov (zastipente oxidov CaO, Fe;O5, SO3)
sa stanovila na pristroji ARL SEMQ s nadstavbou Kevex 7000 pre EDS elektrénovit mikro-
analyjzu na Centrdlnom wstave anorganickej chémie AV NDR v Berline. Standardné od-
chylky hodnét y s reprezentované ditkou &iar v zodpovedajicich polohdch. Bod S patri
tuhému roztoku C;A . 1/2CS .1/2 CH. H;, zlofenému z vrstiev [1/4 SO,. 1/2 OH . H,0]-.
Body pozdlf regresnej priamky reprezentujie tuhé roztoky zlokené z vrstiev [OH . HzO]“
a (1/2 SO, . H,0]-.

KPHUCTAJIJOXHMHNA U CTABHJBHOCTDL ,
MOHOCYJILWATAJIOMMHATHBIX H AJIOMHHATO®EPPUTHU-
YECKUX TUJAPATOB U UX TBEPIBIX PACTBOPOB

@®panrumex 'agun, Mean Kanpamank, Munan [Ipabux
Hrucmumym neopeanuueckoli xusmuu Caosayroli arademuu Hayxr, 84236 Bpamucaasa

1. Ciromcrsre rmpathi CsA . CSy . CHy_y . Hy, mitn C3(AF) . CS, . CHy,, . H, (0O = y £ 1)
cocroAT n3 kKatoHHoro [Ca:Al(OH);. 2 H,O]*, aHuoHHOrO [Ty SO3-. % (1 — y)®H-.

. H;O] # HeliTpa:bHOI0 [3 H20] cit0eB, KOTOpbe B3AUMHO I1apasisielIbHLl H OPHEHTHPOBAHbL

NeprneH;IuKYyJIAPHO K ocu ¢. BoccTaHOBIIeHHas TOJIINMHA Bcero ciod ¢’ = ¢/n (n — neioe
wmea10), MM dogoz, #BIETCA B paccMaTPUBaeMOH CTPYKTYDHOH MOMeM aJIHTHBHOH PYHK-
IMel TOJIUHBL KATHOHHHOTO, d., aHHOHHO10, dq U HEHUTPAIILHOIO, dy CJIOEB, T. €. ¢’ = d¢ +
+ da + dn. ToJNMHA KATMOHHOIO CJIOA OCTAeTCHA HOCTOAHHOM BO BCeX paccMATPUBAaeMbIX
rugpatax (de — 4,08 A). Tosmr unAaHUOHHOTO ¢ll0A ABIAETCA JMHEHHOH QyHKRUMeH KOIP-
Qunmenta y 1 da = (3,83 + 1,01y) A x> 12 2, HO TOJIBKO B Cllyyae, ROI]ld B CTPYKTYpe

1
JepeyoTcA ¢I0M THMa [OH . H20]~ ¢o ciroAamMu Ttama [ ) SOs. H20| . B cayvae, xorxa

4epe;lyIoTe A 10K [ ySOs . (1 —y) OH . H;O] 3aBHCHMOCTb dg OT Y He ABJIAETCHA JIH-

HeUHOM. ~
2. Teepaeic pactBopnt Ci(A, F).CS,.CHi_y. s cTpemArcsa o06pa3oBaTh CTPYKTYPBHI,
P p P P P PYKTYP

. 1
B KOTOPHIX YepetyIore st aHuoHHbie cytou|OH . H20]~ ¢ ciroamm [—2-8 O4. H20| , B peayiibTaTe

1ero BO3HMKAIOT TBepjbic pacTtBopsl. (A . CSy. CHi-y . Hy nmpenmyiiccTBeHHO 06pasyioT
AHUOHHLIE (JI0OM, B KOTOPHX MMETcA OjlHOBpeMerHO kak SO3-, Tak m OH- noHsL

3. Jleruiparuposanue c:rouethix rugpatoB C3A . CS, . CHi_y . His, nam C5(A, F) . CS, .
. CH,. , . His HaunHaeTcA B HelTpasIbHOM cJioe (MUHUMaJIbHOe copuep:kanuc Bojst 12 H,0),
NPOJI0JKACTCA [lerI;PATHPOBaHieM aHUOHHOIO ¢JoA (MUHMMAaJIbHOE CO/lep:KaHue BOIbI
10 H20) u mociieiHEM ;jcrHppaTaltuy 110j\BepracTcsl KATUOHHBIN CJIOH, B KOTOpPOM He [IOo-
NYCTUMO IIOHWKEHMC BESTMUMHBL z HIDKe 6, 4TOOH He HACTYILIA ;IeCTPYKIMA (TPYKTYPHL.
13 uHTcpBase BeinuuH 6 < x < |8 BO3MOKHA NPM TPHIO/HLIX YCJIOBUAX TeMIEPATYPHL
1 MapUHAJILHOIO [laBiieHust mapoB H:() obpaTuMas rujpaTalua UM JerujipaTalis CJIOUCTOH
(raspl. B nHTEpBasie 10 < x < 12 nponcXxouuT yxasieHue MO.feKY:I BOJILI M3 AHUOHHOTO ¢JIOf,
B PE3YIILTATC UCI0 WACTYHACT YMCHbIIIeHUE 0OBeMa.

Puc. 1. Cxena npoesyuw 2pynn [Al(OH)s] u [Ca(OH)s. H2O0 . SO4] ¢ naockocmy (001)

¢ 0603Hauennbmie Koopduramamie s (A) amomos.
Puc. 2. Cmpyrsmypnas wodeawv cudpamos [CazAl(OH)s . 2 H,0]* [ L SO . Hz()]_ (3 H20)

(C3A . CS. Hy) u [CazAl(OH)s. 2 H,0]+ [OH . H,0]= (3 H;0) (C;A . CH . His).
Ompesru 1na pedyyuposannoii ocu ¢ (¢ = cfn = dosot) koppeaupylom ¢ koopdu-
Hamawu z amosmoe Ha puc. 1.
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Puc. 3. Horomenus ocnoswoix Ougparyuic (0000) w ux mexucniockocmusie paccmoanus

(/oool (A) eu@pamoe CJA CS.Hio (\410), CJA (45 Hiz (\112) u (,3A (‘S H,s (1\1|5>
w ux cameceli ¢ duggparmozpamme ¢ npumenernuem uzayvenus CuKg,

Puc. 4. 3asucumocmv  eeaunur pedyyuposarrozo napamempa pewemru_¢ (¢ =c/n =
= dooot) 2udpamoe C3A . CS . Hz (Mz), C;A.CH. Hy wuC3A.1/2CS . 1/2CH . H,.

Yepes cumeon M5 o6osHavens: meepdbie pacmeopsl, COCMORMYUE U3 CAOEC [ - SO .

. I{z()]— u [OH . H0), M%" — mcepdsiic pacmeop, cocmosuguti us cuoeg -2— SO,.

1 —
- . H20
g OH . H; ]

Puc. 5. 3asucumocmv ceaunun  pedyyupocannozo _napasmempa pewemru ¢ (¢ =cln =
= doger A) om y y eudpamoe Cs (A, F).CS, CHi_y. . Hiz. Cmezuomempus zudpa-
moe (samewerue oxcudoe Ca(), Fe03, SO3) ycmarosuau necpedcmeon npubopa
ARL SEMQ ¢ do6askoic Kevexr 7000 043 EDS saexmpornnozo murpoanaausa ¢ Llen-
mpaabHom uncmumyme Heopeanuveckol xumuuw AH I' P ¢ Bepaune. Cmandapmmole
OMEAOHEHUS Geaunul Y npedcmascasem GAUHA AUHWIL 8 COOTNEEMCIMEYIOUUT NOAOH E-
nuaz. Touka S omeevaem meepdomy pacmeopy C;A . 1/2CS . 1/2 CH . Hiz, cocmos-
wpemy us caoee [1/4 S04 . 1/2 OH . H20]~. Touru 6doav peepeccusroit np;mou omge-
watom meepdvim pacmeopam, cocmosugum ua caoec [OH . H20]= u [1/2 SOs. H20]™

NOVY DRUH TEPELNE IZOLACNEHO MATERIALU z keramickych vlékien,
ktory modze byt nanasany striekanim na ocelovy, alebo keramicky podklad, uviedla firma Carbo-
rundum Resistant Material pod ndzvom ,,Sprayfrax‘‘. Praca s nim je 4 krat rychlejdia, ako in-
stalovanie ukotvenych modulov z keramického vlakna. Izolécia je uréené na opravy peci, pecnych
vozov, ako protipoZiarna ochrana zasobnikov v chemickom priemysle a pod. Vyrabaju sa dva
druhy pre teploty do 1100, °C a 1400 °C. Materi:il je odolny proti vi&sine chemikalii, okrem HF,
H3;PO, a konec. alkaliam.

Interceram, &. 1, 1988
Paléo

TRENDY V OBLASTI PROGRESIVNI KERAMIKY V USA. Podle studie firmy
JACA Corp. americké firmy vyrabé&jici progresivni keramiku vice nez zdvojnasobi prodej do r.1990.
Odbyt progresivni keramiky v r. 1985 &inil 25 mld $, bdhem tFi let se ma zvysit na 5,6 mld $.
JACA ve studii uvadi Fadu trendi pozorovanych v oblasti progresivni keramiky:

— vice americkych i cizich firem vstupuje na americky trh, soustifeduji se na keramické dily

a prasky;

— zvpyéuje se aktivita firem v nejruznéjdich akvizicich, joint — venture a licencich;

— roz8ifuje se pouzivani progresivni keramiky v komerénich a vojenskych leteckych a kosmickych
dopravnich prostfedcich v&etné& pokradujiciho vyvoje levnych dili pro automobilové motory;

— konstrukéni a otéruvzdorné keramika nahrazuje tradiéni kovové soudastky.

Industrial Ceramics 8§, 1988, &. 1, 35
Douskovd

NOVY SUPRAVODIC, dosahujici nulové elektrické vodivosti pfi 323 K, vyvinula Electro-
technical Laboratory of Agency of Industrial Science and Technology. Vyrobni metoda zahrnuje
opakované predslinovani a slinovéni surovin na bazi oxidi Yr, Ba a Cu vé&etné blize nespecifi-
kované sloudeniny.

Ind. Cer., 8, 1988, &. 1, s. 29
Fryntovd

SUPRAVODIVOST PRI TEPLOTE MISTNOSTI (27 °C) byla dosaZena u slougenin
na bazi Yt, Ba, Cu a O, vyvinutych spolenosti Sumimoto Electric Industries. Meissneruv jev
byl pozorovéan pfi teploté 273 K. Prozatim je vyrab&no 5 typu testovanych supravodiél s pru-
mérem 7 mm a tloudtkou 5 mm. Vzorky se vyznaéuji nizkou hustotou proudu — 50 mA/em? pri
237 K.

Ind. Cer., 8, 1988, &. 1, s. 29
Fryntovd
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