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Study of the hydrates C3A. CS. Hx, C3A. 1/2 CS. 1/2 CH. Hx, C3A . 
. CH. Hx and C3(A, F) . (CS)

y
. (CH) i _,,. Hx showed that the H2O content

a8 well as the stability of the hydrates are associated with their lamfoar structure. 
According to an accepted rnodel, the compounds consist of cationic, anionic 
and neutral layers. The Al-Fe substitution in the cationfr 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 diffraction8 doooz of the 
hydrates depend on parameters x and y. 

INTRODUCTION 

The exparn;ion 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 CaSO4-C a (OH)z-AlzO3 -
-Fe2O3 -H2O is complicated by contamination of the system by ambient CO2 

and by the formation of carbonate phases involving changes in the water content 
of the hydrates. For example, the CO�- - 2 OH- substitution is in fact nonequi­
valent by volume and results above all in a change of the lattice parameter c 
in the hexagonal unit cell of the C3A . yCaCO3 . (1 - y) CH . Hx 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 C3A . CH . H12, space group of R3c 
symmetry, has the hexagonal cell parameters a= 5.73 A, c = 6xc' = 47.16 A [l] 
(c' = 7.86 A is the reduced value of parameter c representing the thickness of the 
basic layer oriented perpendicularly to c axis, from which the periodic structure 
of the substance is created by translation symmetry operation (c = c'), or its 
polytype (c = nc', where n is mostly 3 or 6) by means of partial symmetry 
operations), whereas the C3A . l/2CH . l/2CaCO3 • H12 phase has the hexagonal 
cell parameters a = 5.72 A, c = 49.20 A (c' = 8.20 A) and the P61 space group 
symmetry [2]. 

Use is made of the ab_lireviated notation of oxides common in cement chemistry: C = CaO, 
A= Ali03, F = Fe203, S = S03, H = H20. 
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The greatest stability is exhibited by the cationic part of the layer containing 
the [Ca2M(OH)6]+ groups, where M = AP+, Fe3+ or (Al, Fe)H, coordinated by 
water molecules and producing the stable formation of the type [Ca2M(OH)6 • 

. 2 H20J+ Fig. I [I, 3-7]. The thickness of the cationic part of the layer is control-

I 

Fig. J. Scheme of the projection of groups rAI(OH)6] and [Ca(OH)6• H2O. SO4] into plane (001)
with indioated coordinates z (A) of the atoms . 
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Fig. 2. Strudural model of the hydrates [Ca2Al(OH)o . 2 H2O]+ [ � SO•. H2O r (3 H2O) -­
-- (C3A. CS. H,8) and [Ca2Al (OH)6• 2 H2OJ+ [OH. H2OJ- (3 H2O) - (C,A. CH. H,s)-

The sections on the reduced ordinate c'(c' = c/n = doooil correlate with the coordinates z of the atoms 
in Fig. 1. 
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led by the [Ca(OH)6 . H20] 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)6 • H20] were determined by X-ray
structural analysis fl, 4, 6], (Figs. 1 and 2). 

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

and AFm phases of the type [ ! y SOi- . (1 - y) OH- . H20]] affect significantly

the value of the hexagonal cell parameter c. The AFm phases may also be considered
as a solid solution of the end members of the join C3(A, F) . CH . Hz - C3(A, F) .
. CS . Hz [8], of the type_ C3(A, F) . CSy . CH1_y . Hz . 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 stan�rd and consistenJ_ structural
model of the hydrated _phases C3A . CH . Hz , C3A . CS . Hz, C3A . l/2CS . 1/2 CH .
. Hz and C3 (A, F) . CSy . CH1_y . Hz 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. 

EXPERIMENT AL 

The following two-step reaction was used of in th� preparation of monosulp-
hoaluminate hydrates having the composition C3A .  CS . Hz: 

I. 4 C4A3S + 8 CSH2 + 24 CH+ 74 H = 3 C6AS3H32 + 3 C4A3S + 18 CH, (1)
II. 3 C6AS3H32 + 3 C4A3S + 18 C� + (12 x - 114) H = 12 C3A .  CS . Hz .

The first stage of the reaction yields ettringite, C6AS3H32, which in the second
stage combines with the unreacted portions of C4A3S and CH, giving C3A . CS . Hz .
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
(x = 15), in the latter the hydrates had a variable water content according to the
temperature of drying chosen (x = 10 or 12)._ 

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

- · 1 - 15 -
C4A3S + 2 CSH2 + 

2 
CH + (3 x - 7) H = 3 C3A . 1/2 CH . 1/2 CS . Hz. (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. 

The solid solution C3(A, F) . CSy . CH1_y . Hz, AFm phase, is formed by the
reaction 

C4AF + 2yCSH2 + (4 - 2y) CH+ 2(x - 2y - I) H = 2 C3(A, F) .
. CSy . CH1_y . Hz .
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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 CaC03 , CSH2 and AH3 , 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 C4AF 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 cm2 g�1 after Blaine. The phase purity was 
checked by X-ray phase analysis on the Philips 1540 powder diffractometer using 
CuKi" or FeK&: radiation. The Ca(OH)z was employed in freshly prepared hydrated 
form after washing with aceton and drying in COi-free atmosphere. 

The hydration products were identified by X-ray powder diffraction analysis. 
The resolution of the basll-1 diffractions is illustr_a,ted on the case of hydrates 
C3A .  CS . H10(M10), C3A . CS . H12(Mu) and C3A . CS . H1s(M1s) (Fig. 3). 
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Fig. 3. [>ositions of basal diff,:'},ctions (OOOl) and their int_erplanar distances doool (A) of the hydrates 
C3A. CS. H10 (M10), C3A. CS . H12 (M12) and C3A. CS. H15 (M15), and their mixtures in X-ray 

diffraction pattern with the use of CuK<i 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 n1codel of the laminar llydrates C3A . CH . Hx , C3A . CS . Hx , 

C3A . 1 /2 CH . 1/2 CS . Hx and C3(A, F) . CSy . CH1 _y. Hx , comprising the cationic, 
anionic and neutral parts of the layer, was established on the basis of data obtained 
from X-ray structural analysis [I through 7] (Table I) and from the dependence 
of the values of c'(d0001) on water content x, as plotted in Fig. 4. 
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Fig._ 4. Relationship of the reduced lattice pararrieter c'(c' = c/n = doool A) of the hydrates C3A . 

. CS. Hx (Mx), C3A. CH. Hx and C,A. 1/2 CS. 1/2 CH. Hx. The symbol M:• designates solid

solutions composed of layers [ } 804 • H201-and [ OH . H20J-; M�· * is the solid solution consisting

[l 1 . ]-
of layers -

4 
so • .  

2 
OH . H20 . 

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

(4) 

where Mis Fe, Al or (Fe, Al) and a characteristic thickness. Thelatterwas determin­
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 ) A; z (OH)'= 
= 1.000(5) A; z (H20) = 3.08(3) A (Fig. 2). The z parameters and their standard 
deviations were calculated as selecti�e averages of structural data for the laminar 
hydrates C3A. CH. H12 [l], C3A. CS. H12 [6], C3A. CaC12 • H10 [4], C3A .  CaBr2 • 

. H10 [4] and C3A .  CaI2 . H10 [4]. Substitution of Al3+ 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 (rFe" - rAI") = 0.11 A) , which represents 2.7 % of the layer 
thickness de = 3.08 - ( - 1.00) = 4.08 A. 

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

(5) 
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Table I 

Crystallographic data of the laminar hydrates C3A _ _,_ CH . H.,, , C3A . CS . Hx , C3A . CS� . CH1_ 1, •
• Hx and C3(A, F) . CSy. CH1- y. Hx 

I 

Hydrate
Structural formula

Space group
aH (A) 
CH (A) 
c'(doooi) (A) 
(observed value) 
c'(A) 
(calculated value) 
Literature

Hydrate
Structural formula 

Space group 
aH (A) 
CH (A) 
c'(doooi) (A) 
(observed value) 
c'(A) 
(calculated value)
Literature

Hydrate
Structural formula

Space group
aH (A) 
CH (A) 
c'(A) 
(observed value) 
c'(A) 
(calculated value) 
Literature

-

Hydrate
Structural formula

Space group
aH (A) 
CH(A) 
c'(A) 
(observed value) 
c'(A) 
(calculated value) 
Literature

208 

I 
i 

C3A. CH. H10 
[Ca2Al(OH)6 • 2 H2O]+ 
[OH. D]-

7.4 0 

14,15 

C3A. CH. H12 

[Ca2Al(OH)6 • 2 H2O]+ 
(OH. H2OJ-
R3c

5.7 3 
47.16 

7. 86-7.92 

7.90 

1,3 

C3A •CS• H10 
[Ca2Al(OH)o. 2 H2O]+

[�so •. or

8.26 

. 

3, 13, 18-20 , present study

C3A. CS. H 12 

[Ca2Al(OH)o. 2 H2O]+

[-}so4• H20r 
R3 

5.76 
26.74 

8.92-8.93

8.92

3, 6 ,  14 , 18 , 19, 21, the present
study 

I 

C3A. CH. H,s
[Ca2Al(OH)o. 2 H2O]+
(OH. H2OJ- (3 H2O) 

10.7 0 

10.6 8 

14-17 

C3A. CS. Hs
[Ca2Al(OH)6 • H2O]+ 
[OH. D]-

8. 0 5

18-20

C3A . cs·. H t s 
[Ca2Al(OH)6 • 2 H2O]+

[ � SO4 • H201- ( : H20))

1 0. 30

10.31

3, 21, present study
-

C3A . 1 /2 CS . 1/2 CH . H12 
[Ca2Al(OH)o. 2 H2O]+ [ 1 1 r 4so •. 2 OH. H2O 

8.77 

8.77

12, 13

Silikaty c. 3, 1989 



Crystallochemistry and Stability of Monosulphoaluminate and Aluminoferrite ... 

Hydrate
Structural formula

Space group
aH(A) 
CH(E) 
c'(A) 
(observed valm,) 
c' (A) 
(calculated Yalue) 
Literature

Hydrate I 
Structural formula 

Space group
aH(A) 
CH (A) 
c' (A) 
(observed Yalue) 
c' (A) 
(calculated value) 
Literature

C3A. 1/2 CS. 1/2 CH. H,..,5 

[Ca2Al(OH)o . 2 H2O]+

[ 
1 1 

J-4
so, .

2
oH . H2o 

e: H 2o) 

10.52 

10.52 

the present study

-
C3(A,F) . CSo-s CHo-2 . H12
[Ca2Al(OH)6 • 2 H2Oj+ 
(0.4 so •. 0.2 OH. H2OJ-

8.70 

8.72

the present study

C3(A,F) . CSo-•. CHo.4 . H,2 

[Ca2Al(OH)o 2 H2O]+ 
[0.3 SO4 • 0.4 OH . H2OJ-

8.50

i 8.52
I 

I 
the present study

-
C3(A,F) . CSo.4 • CHo-•. H12 
[Ca2Al(OH)6 • 2 H2O]+ 
[0.2 SO4 • 0.6 OH . H2OJ-

8.30 

8.31 

the present study 

The symbol D represents the vacant position of H20 molecule after dehydration.

depends on its stoichiometry, i.e. on parameter y. The calcium aluminate hydrates
O3A . C!{ . Hz are characterized by y = 0, the calcium sulphoalumjnate hydrates
C3A . CS . Hz by the value y = 1 and the solid solutions C3(A, F) . CSy . CH1_11 • Hz
can exhibit y values over the interval O < y < 1. The value of c'(d0001) depends

linearly on y only when layers of [ � SO¼- . H20] alternate with layers of LOH- .

. H20] in the solid solution considered, and when no SO¼- - 2 OH- substitution 
takes place within the framework of one layer. In such a case, the thickness of
anionic layer da is affected preferentially by the dimensions of the SO¼- anion and
the dependence of c' on y could not be linear. The problem will be discussed in anot­
her part of the study. 

The neutral layer consists of H2O molecules only. Its thickness is given by the
comparison of the c'(d0001) values for the pairs of hydrates having identical composi­
tion of the cationic and anionic parts of the layer and differing only in water
Hz in the neutral layer. Such pairs can be selected by means of the data in Table I: 

C3A. CH. H12(c' = 7.90 A) - C3A. CH. H18(c' = 10.70 A);
C3A. CS. Hu(c' = 8.93 A) - C3A. CS. Hrs(c' = 10,51 A);

C3A . 1/2 CS . 1/2 CH. H12(c' = 8.77 A) - C3A . 1/2 CS . 1/2 CH . H15.75(c'
= 10.52 A).
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These pairs determine thickness dn of the neutral layer, reduced to a content
of 6 H20, 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, dn , of an arbitrary hydrate Bx , where x
lies within the interval 12 < x < 18, can be calculated (on the condition of a linear
dependence of layer thickness dn on x) by means of the equation

X - 12
dn = 

6
2.78 A. (6) 

Thickness da of the anionic layer can be established by means of experimental
values of c' and the known water content x, as well as the known thickness of the 
cationic layer, de = 4.08 A: 

I d d ' 8 X -
12 

A da = c - c - n = (c - 4.0 -
6 

2.78) . (7) 

Such data are available for the hydrates C3A .  CH. H12 and C3A .  CH. H1s for
which the following anionic layer thickness da was established by means of equation
(7), the known values of c' and x (Table I): 3.82 A and 3.84 A respectively, the
mean value being da = 3.83 A. Similarly, the values of da = 4.�5 A and 4.83 A
wit_g a mean of 4.84 A were determined for the hydrates C3A .  CS . H12 and C3A .
. CS . His-

In the case of sulphoaluminate-ferrite solid solutions C3(A, F) . CSy . CH1_y • H12

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

c' = [7.90 + (8.93 - 7.90) yJ = [7.90 + I.03yJ A, (8)

where the coefficient 1.03 is formally equal to the difference of c' values of the end
members of the solid solution series C3(A, F) . CSy . CH1_y . H12, i.e. 03A . CS . H12 

and C3A .  CH. H12• The regression line in Fig. 5 has a slope of 1.01(2). 
Equation (8), which represents the linear dependence of c' on y, holds only when

the structure of monosulphate-aluminate or aluminoferrite hydrate consists of

alternate layers of the type [-½ S04. H20 ]
-

and [OH . H20J- in a ratio conforming

to the given stoichiometry. However, if the SOi- - 2 OH- substitution takes
place within each layer, the dependence of c' on y will no longer be linear, as the
size of the larger SOi- anion present in the anionic layer will be mainly responsible 

· for the layer thickness c' at a given value of x. The values c' = 8.30 - 8.50 A
were found for the hydrate C3A . 1/2 CS . 1/2 CH . H12 [12]. The value of c' = 

= 8.415 A, calculated for composition y = 1/2 by means of equation (8), lies within
the interval of experimental values. '12_he value c' = 8. 77 A was declared as a stan­
dard one for the hydrate C3A. 1/2 CS . 1/2 CH. H12 [13] and, in agreement with
our model, represents a structure with anionic layers of [1/4 SOi- 1/2 OH- . H20] 
with substituted SOi- and OH- ions in each anionic layer and a dominating effect of
sulphate anions on the layer dimensions. Point Sin Fig. 5 represents the deviati�n
from linearity c' = f(y) in the series of solid solutions for the hydrate C3A . 1/2 CS .
. 1/2 CH. H12• 

Dehydration of aluminate and sulphoaluminate hydrates starts in the neutral
layer. After its dehydration, the water content in the anionic layer decreases and
the x value varies over the range of 10 < x < 12. Vacancies are formed in the
anionic layer whose thickness is reduced. The C3A .  CH. H12 hydrate, for example, 
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has the reduced value of c' = 7.90 A and the anionic layer thickness da = 3.83 A, 
whereas the C3A . CH . H10 hydrate has the layer thickness c' = 7 .40 A a!J-d the 
anionic layer thickness da = 3.32 A (Table I). Similarly, with hydrate C3A. CS .H10, 

the val�es c' = 8.26 A and da = 4.16 A decrease as compared to the hydrate 
C3A . CS . H12 for which the values c' = 8.93 A and da = 4.84 A were determined 
(Table I). 

1,0 

y 

0,8 

0,6 

0,4 

/ 

0,2 
/ 

/ 
/ 

/ 
0 / 

7,8 8,0 8,2 8,4 8,6 8,8 9,0 
c'/,ll 

Fig. 5. Relationship between reduced lattice parameter c'(c' = c/n = d000i A) and y for the hydrates 
C3(A, F) . CS

y
. CH,_y. H 12 • The stoichiometry of the hydrates (fractions of CaO, Fe2O3 , SO3 

oxides) was determined on the ARL SEMQ instrument with the Kevex 7000 adapter for EDS electron 
microanalysis (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 C3A .  1/2 CS . 1/2 CH . H12 composed of 
[1/4 SO4 • 1/2 OH . H2OJ- layers. The points close to the regression line represent solid solutions 

composed of [OH . H2OJ- and [ l /2 SO4 • H2O] layers. 

The cationic part of the layer is dehydrated only after the complete dehydra­
tion of the neutral and anionic parts of th.e layer (6 < x < 10); however, the 
water content must not decrease below x = 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 ST ABILITA M ONOS lTLFATO AL lTMINAT OVYCH 
A ALUMINATOFE R ITICK,YCH HYD RATOV A ICH TUH1'CH R OZTOKOV 

Frantisek Hanic, Ivan Kapr,Uik, Milan Dr>'1bik 

Ustcw anorganicke,i chemie CCHV SA V, 842 36 Br.?tisfrn,:, 

1. Vrstevnate hydraty C3A .  CSy . CH1 _y. Hx , res?. C3(A, F) . CS y . CH:_,1. Hx (0 ::c; y ::c; 1) 

[ 
1 1 

]-
SU zlozene z kati,\novej [Ca2Al(OH)6• 2 H2O]+, anionornj 

4 
y SO� - . 

2 
(1 -y) OH-. H2O 

a neutralnej [3 H20] vrstvy, ktore su vzajomne rovnobP:foe a oricntovane kolmo k osi c. Reduko­
vana hrubka celej vrstvy c' = c/n (n je cele cislo), resp. d0001, je v uvazovanom strukt(1rnon1 
modeli aditivnou funkciou hrubky kati6novej, de , ani6novej, d, a neL1tralnej, dn , vrstvy, tzn. 
c' =de+ d, + dn . Hrubka kati6novej- vrstvy z::,stiiva konstantna vo vsetkych uvafovanych 
hydratoch (de = 4,08A). Hrubka ani6novej vrstvy je lineiirnou funkciou koeficientu y: da =

= (3,83 + l,0ly) A pre x � 12, ale Jen v pripade, ked sa v struktt'ire slriedaju nstvy typu 

[OH-. H2O) s vrstvami typu [ � SO4 • H2O r- V pripade, ked sa striedaji't nstvy [ { y SO4 • 

• � (1 -y) OH . H2O ]
-, zavislost da nay nie je linearna.

2. Tuhe roztoky C3(A, F) . CSy . CH,_y. Hz . maju tendenciu vytvarat struktury, v ktorych

sa �triedaju ani6nove vrstvy [OH . H2OJ- s vrstvami [ { SO4• H2O ]
-, kym tuhe roztoky C3A .

• CSy . CH1-
y. Hx prednostne vytvaraju ani6nove vrstvy, V ktorych SU zastupene sucasne so;-

a OH- i6ny. _ 
-

_ 
3. Dehydratacia vrstevnatych hydratov C3A .  CSy . CH, __ Y. H18 , resp. C3(A, F) . CS11 • CH1_y . 

• H18 zacina v neutralnej vrstve (minimalny obsah vody 12 H2O), pokracuje dehydrataciou
ani6novej vrstvy (minimalny obsah vody 10 H2O) a ako posledna dehydratuje kati6nova. 
vrstva, pre ktoru nesmie klesnut hodnota x pod hranicu 6, aby nenastala destrukcia struktury.
V intervale hodnot {j < x =,; 18 je mozna za vhodnych teplotnych podmienok a parcialneho
tlaku par H20 reverzibilna hydratacia a dehydratacia vrstevnatej fazy. V intervale 10 ::c; x < 
< 12 dochadza k uniku molekul vody z ani6novej vrstvy, v intervale 6 ::c; x < I0 z kati6novej 
vrstvy, co sposobuje ich kontrakciu. 

Obr. 1. Schema projekcie skupin [Al(OH)6] a [Ca(OH)6• H2O .  SO4] do roviny (001) s vyznacenymi 
suradnicami z (A) at6mov. 

Obr. 2. Strukturny model hydratov [Ca,Al(OH)6• 2 H2O]+ [ ! SO4• H20 ]
- (3 H2O) - (C3A .  CS. 

. His) a [Ca2Al(OH)6• 2 H2O]+ [OH . H20J- (3 H2O) - (C3A .  CH . His). Useky na re­
dukovanej osi c' (c' = c/n = doooi) koreluju so suradnicami z at6mov na obr. 1.

Obr. 3. Pol!}hy bazalnych difrak�ii (0001) a ich medzirQ_vinne vzdialenosti dooo1 (A) hydratov C,A . 
. CS . H10 (M10), C3A . CS . H12 (M12) a C3A . CS . H" (M15) a ich zmesi v rtg. difrakcrwm 
zazname s pouzitim ziarenia CuKci. 

Obr. 4. Zavislost hodnot redukovaneho mriezkoveho parametra c' (c' = c/n = d0001A)hydratoi, 
C,A . CS . Hx (Mx), C3A. CH . Hx a C3A . 1/2 CS. 1/2 CH . Hx. Symbolom M::.S su oznacene 
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tuhe roztoky zlo!ene z vrstiev [ {- SO4• H2O ]- a [OH. H,OJ-; M�* je tuhy roztok zlozeny 
z vrstiev [ : SO4 • � OH . H2O ]-.

Obr. 5. Zavislost hodnot redukovaneho mriezkoveho parametra c' (c' = c/n= d0001 A) na y u hydratov
C3(A, F). CSy . CH1_y. H12. Stechiometria hydratov (zastupenie oxidov CaO, Fe:,O3, SO3) sa stanovila na pristroji ARL SEMQ s nadstavbou Kevex 7000 pre EDS elektr6novu mikro­analyzu na Centralnom witave anorganickej chemie AV N DR v Berline. Standardni od­chylky hodnot y SU reprezll!!tovane dlzkou ciar V zodpovedajucich polohach. Bod s patrituhemu roztoku C3A. 1/2 CS . 1/2 CH. H12 zlozenemu z vrstiev (1/4 SO,. 1/2 OH. H2OJ-. Body pozdlz regr�nej priamky reprezentuju. tuhe roztoky zlozene z vrstiev [OH. H2OJ­a (1/2 SO,. H2OJ-. 

n P 11 C TA JI.;J OX H !\Ill H H C TA B H JI b H OCT I, . 
.\I O II OC Y .-1 h©A T AJI IOM I1 HAT H hi X 11 AJI IOM 11 H ATO © EPP 11T 11-

l_JE C t\" 11 X l' 11 l� PAT O B H 11 X TB E P 1� hi X PACT BOP O B 
<DpaHTMIIICK l'amu�, HaaH Rarrpa:rnK, .\ImrnH �pa6nK 

Ifttrmumy m 1-teop2aHU'iec1.oii xu.ttuu C.fl,oeazp;;oii anaoe.Muu Hayi., 84236 Bpamuc.fl,aea 

1. C,IOIICTJ,Ie rn.upaThl C,A. CSy. CH1_y. Hx, IIJTII C3(AF). CSy. CH1
-

y. H x (0 � y � 1)
[ 

1 1 
rorT0HT n:a KaT0HH01·0 [Ca2Al(OH)a. 2 H2O]+, aHH0HHoro 

4 
y SO]- . 

2 
(1 - y) OH-. 

. l-12O ]- Il Heihpa:IbHOrO [.1 H 20] CiT0eB, K0T0pbre B3allMH0 rrapaJl.TieJTbHJ,I Il opn:eHTn:poBaHbI 

rreprreHµ;1rnyJTHpHo K 001 c. DorcrnHOBJieHHaH T0JT�llHa Bcero CJI0H c' = c/n (n - rwJioe 
'IHCJJO), n:Jm d000 1, HBJIHeTCH B pat'l'MaTpllBaeMOH CTPYKTYPHOH M0,UeJm 3).\/:\IITIIBHOH qiyHK­
J[lleH T0JJ�l\Hb l KaTJIOHHH0ro, de, aHn:OHH0l'0, d a Il HeHTpaJibHOl'O, dn CJIOeB, T. e. c' = de + 
+ da + dn. Tom�n:Ha KHTH0HH0!'O CJTOH OCTaCTCH IIO('TOHHHOH BO Bcex pacrMHTJlllBaeMbIX 
rnl-(paTax (de = 4,08 A). To:irrr n:miaHHOHHoro cJroH HBJJHeTrH :inHei-i:Hoi-i: qiym,�nei-i: Koaqi­
cpmrneHTa y: da = (:3,83 + 'l,0ly) A ;vrn x > '12, HO TO:JbKO B rny,rne, KOI'/W B cTpyKType 

•repe11yIOTCH ,·.;rn11 THIIa [OH . H2OJ- l'0 l'JT0HMH nma [-}so •. H2o]-. D cJiyqae, K0I',Ua 

qepCi\YIOTCH L',IOU [ ! ySO •. � (1 � y) OH . H2o]-, 3HB lH'11M0CTb da OT y He HBJIHeTcH JI11-

Hel1HOH. 
2. Taep/.\bIC pac:TBopr,r C,(A, F). CSy . CH1-y. Ilx l'TpeMHTClI o 6paaoBaTb CTJlYKTYJlbI, 

B K0TOJlb!X 'Iepe;cyIOT('f! aHHOHHhie 
�

OH l OH . �2OJ- (' Ci!Ofll1M [ � so •. H 20 ]-, B pe3yJJhTaTe 

'Iero B03Hl1KaIOT TBep,,bIC pacTB0ph[. C,A . CS y . CH,_ y . Hx rrpenMymccTBeHHO o6paayroT 
aHM0HHLie (',IOU, B K0Topux UMCIOT('H o;�HOBJlCMCHHO KaK SO!-, TaK II OH- ll0HbI. 

�-1. ,IJ;ern,upaT11pcrnamrn c;1011cT1,1x rnµ;paT0B C3A .  CSy. CH1_y. H18, u;rn C3 (A, F) . CSy . 
. CH,_ y. H,s H/\lHJHaeT('H B HeHTpailbHOM CJIOe ( MHHHMaJibHOe ('01-(epmaHHC B0/];bl 12 H20), 
rrporio,;imaercH ;ieru,i:parn:poBaHlleM aHIIOHHOl'0 CJT0H (MHHIIMa:JbHOe CO;\epmaHHC B0).\bl 
'10 H20) l1 rro,·,;ie,'jHIIM ;J,Cl'U/JJlHTal(IIU II0i\Bepracn·H KHTHOHHb!H CJIOH, B K0T0p0M He /10-
rrycTHM0 II0HHJReHIIC Be;rn'IHHbl x Hl!JRe 6, qro6hl He HaCTYIIll:Ja i\CCTPYKI\HH npyKTYJlbl. 
B IIHTCpBaJre Be.:ru•mH 6 < X � 18 B03MOJRHa npn: ITJllff0/\HJ,!X ycJIOBHHX TeMne1Hnypu 
11 ,iap,�na:Jf,H0J'() ;\aB.'18HHll rrapoB H2O 06pan1MaH I'lli-J;JlHTal�HH H ,u,erHi\PHTa�lllI c,IOHCTOH 
c)ia:11,1. B HHTepBa.:re [() :5 X < 12 npo11rxo,un:T YAH.J8Hlle M0:IeKy;1 BO/-(!,! 11:i aHH0HHOro ('J!OH, 
B pe:iyJll,TilTC 'IC['() l,lill'T)'Jll\CT ,YMCHhJJleHHe ofrheMa. 

Pw·. 1. Cxe.rw 11poe1,I/Ull ,?pynn [Al(OH)6] u [Ca(OH)6. H2o. so.] 0 IIJIOCKOCJnl, (001) 
c 06oa1w'ie1-t11&u1.ll h"oopdnHama,w.11 z (A) amo.Moe. 

Pw. 2. Cmpy1,myp1wsi .1wde.1b wdprunoe [Ca2Al(OH)6 . 2 H2O]+ [-} SO4 . H 20 ]- 13 H2O) 

(C,A. CS. H,s) u [Ca2Al(OH)6. 2 H2O]+ [01-1. H2OJ- (3 H2O) (C3A .  CH. 1-1,s). 
Ompeai.n w, pe&y

l.{upoeaHHnii ocu c' (c' = c/n = dooo1) h"oppe.fl,upy10m c noop&u-
1-tama.uu :: amruwe Ha p ile. 1. 
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Puf'. 3. Jio.ioJ1CeH1u1, ocHoeHblX ouif,.J!ipaHtfUii (OOOl) u '!x .ue,,c11.1-oci.ocmnb1e paccm0Jt1w.-i 
doooz (A) 2uopa111oe C,A. CS. H,o (.\110), C,A. CS. H12 (.\112) u C,A. CS. H15 

(1\1 15) 
11 ux c.4ieceil o ourjjrfipaKmo2pa.u.ue c npu.+reHeHue.+r ua.11,y1teHun CuK(i. 

Puc. 4. 3aaucU.Mocmb ee.iu1tuH pei)_ytfupoeaHno2u napa.+rempa pewemi.u_ c' (c' = c/n = 
= d

000 1) wopamoe C,A. CS. Hx (Mx), C,A. CH . Hx u C,A. 1 /2 CS. 1/2 CH. H x . 

Cfepea cu.ueo.11, ?II�· 06oaHa1tPHbl 11wepob1e parm�opb1, cocmoRUfue ud c.11,uef/ [ � SO4 • 

. H2o]- u [OH. H20J-, M�·· -- 1110Ppob1i1 paoneop, rocmo.<i111uii. u.1 r·J10Pe [-} SO4 • 

1 
]-

·20H. H2O 

Puc. 5. 3aeucu.uot:mb eP.iu1t1m peoy1fupouaHno20 _ napa.<1empa pewP111Hu c' (r' = c/n =
= d000i A) orn y y 2uopa111011 C, (A, F). CSy CH,_,,_. H12. Cmexuo.uempua 2uopa­
moe (aa.ue14e111te 01;cuoo11 CaO, Fei{),, SO,) yc111anoeu,iu nocpeocnwo.11 npu6opa
ARL SEMQ c oo6aeKoit Kevex 7000 0,1.<t EDS iJJleh·mpoH!loeo .+rui.poana.11,uw II I{e,i­
mpa.11,bHO.M uncmurnyme neop?aHu1teci.oit xu.uuu AH T;{P e Bep.11,une. Cman8apmn&ie
omK.11,onenu.<t 11e.11,u1tun y npeocmae.11,.<iem 0.11,una .11,unuii e coo!?leernc11wy10u4ux 110.1toJ1Ce­
nwix. To1tKa S omee1taem meepoo.uy pacrneopy C3A. 1/2 CS. 1/2 CH. H12 , cocmo.<t­
uv.uy ua rnoee [1/4 SO •. 1/2 OH. H2OJ-. To1tKll eoo.11,b pe2percwmoi1 npR.uoi1 om11e-
1ta10m 111eepo&1.+r pacrneopa.11, cocmoRU/11.tt ua c.11,oee [OH. Hi<JJ- u 11/2 SO4. H2O J-.

NOVY DR UH TEPELNE IZOL ACNEHO M ATERIAL U z keramickych vlakien, 
ktory moze byt nanasany striekanim na ocefovy, alebo keramicky podklad, m·iedla firma Carbo­
rundum Resistant Material pod nazvom , ,Sprayfrax". Praca s nim je 4 krat rychlejsia, ako in­
stalovanie ukotvenych modulov z keramickeho vlakna. Tzola.cia je urcena na opravy peci, pecnych
vozov, ako protipoziarna ochrana zasobnikov v chemickom priemysle a pod. Vyrabaj(1 sa dva
druhy pre teploty do 1100 °C a 1400 °C. Materi,il je odolnf proti vacsine chemikalii, okrem HF, 
H3PO4 a konc. alkaliam. 
Interceram, c. 1, 1988

Paleo

TRENDY V OBLASTI PROGRI<JSfVNf KERAMIKY V USA. Podle studie firmy 
JACA Corp. americke firmy vyrabejici progresivni keramiku vice nez zdvojnasobi prodej do r.1990. 
Odbyt progresivni keramiky v r. 1985 cinil 2,5 mld $, Mhem tri let se ma zvysit na 5,6 mld $.
,JACA ve studii uvadi l'adu trendu pozorovanych v oblasti progresivni keramiky: 
- vice americkych i cizich firem vstupuje na americky trh, soustreduji se na kerarnicke <lily

a prMky; 
- zvysuje se aktivita firem v nejruznejsich akvizicich, joint - venture a licencich; 
- rozsifuje se pouzivani progresivni keramiky v komercnich a vojenskych leteckych a kosmickych

dopravnich prostredcich vcetne pokracujiciho vyvoje levnych dilu pro automobilove motory; 
- konstrukcni a oteruvzdorna keramika nahrazuje tradicni kovove soucastky. 
Industrial Ceramics 8, 1988, c. 1, 35 

Douskova 

NOVY SUPRA VO D IC, dosahujici nulove elektricke vodivosti pfi 323 K, vyvinula Elec1;ro­
technical Laboratory of Agency of Industrial Science and Technology. Vyrobni metoda zahrnuje
opakovane predslinovani a slinovani surovin na bazi oxidu Yr, Ba a Cu vcetne blize nespecifi­
kovane slouceniny. 
Ind. Cer., 8, 1988, c. 1, s. 29 

Fryntova

SUPRAVODIVOST PRI TEPLOTE MfSTNOSTI (27 °C) byla dosazena u sloucenin 
na bazi Yt, Ba, Cu a 0, vyvinutych spolecnosti Sumimoto Electric Industries. Meissneruv jev
byl pozorovan pi'i teplote 273 K. Prozatim je vyrabl\no 5 typu testovanych supravodicu s pru­
merem 7 mm a tloustkou 5 mm. Vzorky se vyznacuji nizkou hustotou proudu - 50 mA/cm2 pi'i
237 K. 
Ind. Cer., 8, 1988, c. 1, s. 29

Fryntova
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