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CHAPTER 1
INTRODUCTION AND OBJECT OF INVESTIGATICN

Ia. INTRODUCTION

Building materials are variable and a large
number of these are known to be formed from various
starting materials under hydrothermal conditlionrs.
Most of these types are made from lime-s5ilica in
different forms and different proportions. Lime -
clays like guartz and kacolin could be used in making
durable and strong bodies by the introducticn of the

auteclave technique.

The basic chemical aspects and research cn
hydrated calcium silicates and areas of related tec- _
hnology have been given in review papers by Talya#1—4)
and Bessey{5). Crystallographic data for these compounds
were also given by Heller and Talyor(sjan& in & special

report published by U.,3, High Way Research Board(TJ.

Autoclaved sand-lime block normally consists of
guariz grains held together in a matrix of crystalline
or poorly-crystalline calcium silicate bhydrates. The
calcium silicate hydrates are not necessarily a single
phase with a definite chemical composition, but may
represent & number of phases which may cccur singly or
together in the autoclaved blocks. These hydrates are

not usually formed on hydration of Portland cement



under hydrothermal conditions as well as in some kinds
of autoclaved materials, In anocther investigation
pseudo-crystalline calcium silicate hydrate (Ij[?aﬁjﬂiﬂz
molar ratio =1.3iloss on ignition 14.4%]or crystalline
xoncllite was mixed with calcium hydroxide or silica

and hydrothermally treated in an zutoglaved at 130-210°¢
for one hour, The hydrothermal reacticn proceeded only
partially under the conditions studied for all the sys-
tems except that of calcium silicate hydrate (I}, and
¢aleium hydroxide in which 50 % of caleium hydroxide
reacted to produce hydrated CSS. The crystalliinity of
the starting calcium silicate hydrate was one &f the
most important factors for the autoclaved hydrothermal

(8)

reaction

The hardening mechanism of mixtures of calcium
hydroxide with clay in the autoclave was studied by
Differential Thermal Analysis (DTA) and X-ray analysib®,
In the initial stage of the hydrothermal treatment of
lime~-clay mixtures, calcium hydroxide reacts with the
liberated alumina and silica present in the structure

of clay.

Calecium hydroxide is absorbed on the surface of
the clay and reacts with the superficial bH—groups,
forming hydrated calcium aluminosilicates. As a
result of this reaction, the strength of the samples

. +2 . . .
increase because Ca ions can bind two neighbouring



particles of clay, The last stape of the reaction
is the disintegration of clay particles and the for-
mation of hydrated calcium aluminates and silicates.
On the other hand, the kinetics of the interaction of
lime and silica under hydrothermal treatment was
studied by Arestova(lc). The chemical interaction in
CaO~SiOz-H2O systems during hydrothermal treatment at

150 and 175°C was studied for CaQ /310, ratios of 0.8:1

2
and ©.5:1 and solid/fliquid ratio of 1:3. The reaction
rate increased with increasing calcium oxide content
and temperature and was practically constant during

45 minutes treatment in spite of decreasing activation
energy from 13.65 to 4,45 and from 10.7 to 1,76 K.Cal./
mole for the mixture with CaQ/58i0, ratio 0.8:1 and
0.5:1, respectively. The reaction rate was contrclled

by the diffusion of components thréugh layers of

¢0lloidal reaction preducts.

(11)

Vinocgradoy explored the possibilities of auto-
claving a mixture of aragonite, calcium hydroxide,
gypsum and quartz. Polymorphic transformation of ara-
gonite to calcite was insignifieant, amorphous CaCD3
and CaSi0. Cact}B. Ca(OH),. 2.87H,0 were formed,
Vinogradov and Kroichuk(lzj also autoclaved a mixture
nf_quartz sand and pure calelium hydroxide (Blaine

area = 2500 Emzjg). They found that at 250°C granular
CSH (A} (is probably scawtite) was identified. 1In

samples with C/8 = 1.0 the sequence ¢ CoSH,—>CBH{1)

2
CSEB (A) —> Xcnolite was observed. Palm et.al,(laj



elucidated the role of the ionic composition cf the
Jiguid phase of autoclaved concrete on the mechanism

and rate of reaction of its components,

Beaudonin and Feldman(14) investigated mechanical
properties of autoclaved cement-fly ash pastes of
varying composition, Correlations were obtained bet-
ween values of intrinsic modulus of elasticity, miero-
hardness, and terms reflecting the chemical composition
of fly-ash, when 30~35% silica or 80-70% fly ash was
added to the cement, tobermorite was fermed, and the
product had a high compressive strength and low per-

(15)

meability . Steam curing increased the strength of

Portland cement and pozzolanic Portland cement contai-

ning clay{ls}.

Pashchenko and Sai{lTJ

produced hipgh strength
cellular products by autcoclave treatment of Loess clay
and lime mixtures, the productis were microporous with
a nniform pore distribution. Relation between struc-
ture and mechanlcal properiies of autcoclaved areated

(18) where bin-

concrete were obtained by Alexanderson
ders consisted mainly of cecment and lime. Shrinkage
decreased with increasing crystallinity (11.3 3 tober-
morite) while compressive strength increased up to

an optimum value,



LeontTev et.al.(lg) described the manufacture of
autoclaved concrete using 2 synthesized binder based
on quartz ferrous tailings, The high resistance cof
autoclaved binder to sodium chloride and magnisium
sulphate was attributed tc the presence of low basic

hydrosilicates, tobermorite and hydrogarnet.

Budnikovtzo)

showed that metakaolin and clay
caleined at BGDOC react with calcium hydroxide under
steam pressure in both their silica and alumina por-
tions, It was found that bentonites and kaolin react
slowly while tripoeli reacts rapidly. The hydrother-
mal resction with calcium hydroxide considerably increa-
ses the heats of wetting and the sclubility of products
in 10 % NadH poluticn and greatly increases the refra-~
ctoriness of the product. Butt et.al.(zl) foungd that
by mixing kaolin and hentonite clays; with varying
calcium cxide contents up to lﬁ%, moulding in a cylin-
drical form énd treétment in &n autoclaﬁe up to 8
rtmospheres for 4 to 10 hours, célciﬁm hydrosilicates,
and several calcium hydroaluminates were formed, It
wag found thet, Loess clay is the best source for the
manufacture of building materials in the described

method,

Budnikov et al(zzj ohserved that, briquettes con-
taining 8% calcium oxide, varying ratios of kaolinite

and sand, were exposed for 24 hours to steam at 8



atmospheres, The tensile strength increased with increa-
sing kaolinite content, When activated kaolinite lime
and for gypsum mixtures exposed to hydro-thermal

treatment C AH or C

4713
(23

3A. BCaSD4. 21 Hzﬂ were formed,

Budnikov ) indicated that, under hydrothermal
conditions, aluminium oxide in clay can interact with
calcium hydroxide to form hydrated calcium aluminate
while silica forms hydrated calecium silicate, both
improving the setting properties of building materials
The product has good hydraulic properties and its
strength increases with time when the samples are kept
under water, A thermal treatment of the solid mixture
at 100-1000°C increases its strength., Tripolites and
grgillaceous clay can be used in the brick manufacture

with the products having the same mechanical properties

as common brick,

The time needed for the manufacture of the new
clay calcium carbonate bricks is only 12-14 hours,

Budnikov(zé}

observed that, the presence of clay in
raw materials does not decrease the strength of bricks
made from sand and lime by hydrothermal process at B8
atmospheres for 8 hours. During this process the
alﬁmina and silica of clay resct with calcium hydro-

xide, forming hydrated cglcium aluminate and calcium

silicates, Both of these compounds act as binders in



the lime-clay building materials. The compressive
strength of the bricks made by this process, when
stored under water decreased at first and they
inereased reaching after six months, a walue cof

=2

236 kg.Cm™ “ and after ome year a value of 265 kg.lCnf_2

The production of building bricks from a pressed
mixture of clay and quick lime was alsc reported in
the 1iterature(25}; the bricks were exposed to the
action of saturated steam of 6 to 8 atmosphere. From
analytical determinations, it has been concluded that
hydrates of tricalcium aluminate and dicalecium sili-
cate were formed if the lime content is very low;
less basic hydrate may have occured. If the clays
are precalcined up to 1000°C before they are mixed
with lime and steam—-treated, generally mechanical
strength is reduced, Therefore, in industrial clay-
lime bricks manufacturing precalcinaticn is claimed
toc be unsuitable, Effect ©f manufacturing conditioms
on the strength of calcareous marl-sand bricks was
alsgo investigated(ZG}. Samples containing 25-35 %
calcareocus marl calcined at 950°C had the highest

compressive strength (600 kg. Cm 2,

1.(27) studied the reaction between

Horio et,a
normal Portland cement and finely powdered quartz in
suspension form under hydrothermal conditions (léﬁ—

250°Cj for 0;5-6 hours., The hydréticn products were



