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INTRODUCTION

Brief details of the history of the development of the autoclave
process for the manufacture of asbestos cement goods in the USSR,

I. TEOMNOLOGICAL FEATURES OF THE MAMUPACTURE OF ASEESTOS
CHOINT SHEET AND PIPING BY THE AUTOCLAVE PHOCESS IN TMR USSR

1. In the Soviet Union there are severel production lines for asbestos

oemont sheet and piping opsrating on the autoclave process and using
sandy Portland cement.

In 1968, about 110,000 tomnes of corrugated asbestos cement sheet
and adout 35,000 tomnes of asbestos cement pressure piping with a

ond exproseed in this paper are thoes of the suthor and
do net necessarily reflest the views of the escretariat of UNIDO. This
document has been reprofwced without formal oditing.




diameter of from 100 to 400 mm and pressure resistance capacity of
6, 9 and 12 atmospheres were produced by this method.

2. The theoretical bases for the manufacture of asbestos cement
goods hy the autoclave process were worked out in the USSR by the
Scientific Research Tnstitute for the Asbestos Cement Industry,

Az a result of investigatione into the structure uf asbestos
cement suspensions and pastes and the hardening process of asbestoe
cement at high temperatures, special requirements regsrding the quality
of the cement and other constituents (clinker, sand ), the respective
proportions of the constituents, and the particle sise of the cement
were established.

It was established that finely=ground quarts sand possesses the
necessary properties of adhesion to the asbestos fibres, and when it is
incorporated in the mix at the rate of 40 per cent of the weight of
cement it completely fixes the calcium hydroxide given off in the
hydration of the clinker constituent and thus protects the asbestos
fibre from corrosion during the sutoclave processing.

During the process of chemical bonding of the sand, the highly-
basic hydrosilicates of calcium are converted into low=basicity hydro=—

silicates of calcium,

3. The special features of the technological process used for the
production of asbestos cement goods by the autoclave method in the
USSR are the followings

- e binder used is sandy Portland cement produced by milling
Portland cement clinker together with quarts sand. The
proportion of the sand constituent in the mix is 35=40 per oent.
Por teohnical reasons, sand with a silioon dioxide content of
not lees than 86 per cent is used. )

- ™e minerelogical composition of the olinker part of the mix
and the fineness of milling of the sandy Portland cement must
comply with Soviet standards for Portland cement for use in the
sanufscture of asbestos cement goods. The autoclave prooess

requires the same amount and type of asbestos as the conventional
process for the ssnufacture of asbestos cement goods.
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- In the autoclave process, the preparation of the asbestos
ocsment suspension and the moulding of the asbestos cement sheets
and pipes differ from the corresponding opsrations in the
conventional manufacturing process (using Portland cement) in that
the filtration paramesters for the films on the sheet-moulding
machines (Gatchek system) and the operating conditions of the
corrugating and trimming machines are different.

- Asbestos cement goods intended for autoclave processing are
given preliminary hardening treatment, The freshly-moulded sheets
are "soaked" at a temperature of about 20°C for 36 hours and then
steamed at a temparature of 50-60°c for 4~5 hours. The freshly=
moulded pipes are given preliminary hardening treatment on roller
oconveyors at a temperature of 30-40°c for 6=8 hours.

- The steaming of the sheets and pipes in autoclaves is
carried out under the following conditiomes:

Length of time to Length of time Length of time
n of reach process goods held at taken to reduce
. temperature and temperature of pressure to
good pressure 174.5°C and stmospheric
pressure of 8§ atm. level
Sheets 2 6 2
Pipes 1 7

- The mechaniocal treatment of the ends of the pipes is
carried out before processing im the amtoclaves, but after the
prelinminary hardening process, when the hardness and strength
properties of the pipes are at $the best values for such
treatment.

4. T™e physioco-mechanical and chemiocal properties of astestos cement
goods manufactured by the sutoclave prooess differ from those of
aorwal asbestos osment goods in the following respectist

- their dending and tensile strength is 10=15 per cent higher;

- the amount of moisture deformation and the corresponding
warping is 2=2.95 times less;
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=  the resistance of sutoclave=proosssed asbestos oement goods
to oorrosion by aggressive sedia is considerably increased heoaus®
of the fixation of the calcium hydroxide to low=basicity hydro=
gilicates of calcium.

17, THE TECHNICAL AND ECONOMIC CHARAUTERISTICS OF THE
AITOCLAVE PROCESS FOR THE PRODUCTION OF ASEESTOS
CEMENT 0Q00DS AND THE POSSIBILITIRS OF USING THIS
PROCESS IN COUNTRIES DEVELOPING THE MANUFACTURE
OF ASBESTOS CEWENT GOODS
8, Analysis of the technical and eoconomic characteristios of +the
sutoclave process for the production of asbestos cement goods and
oomparison of this process with thc oonventional method shows that

the sutoclave process has & number of advantages:

- the consumption of high=quality Portland oement clinker is
reduced by 35=40 per cont}

- the length of the production oyole i reduced to 2=3 days,
instead of the 7=10 days required for sheets and 12=14 days for
pipes under the conventional systemj

«  the production cost is reduced by 4=5 per cent through the
use of a cheaper binder, provided that adequate deposits of quarts
sand of high silics content exist near the factory.

6. Plans are now being prepared for the establishment of new
enterprises for the production of asbestos cement goods by the auto-
clsve procsss st places in the USSR vhere thers are deposits of quarts
sand.

7. The production of asbestos coment goods by the sutoclave prooess

could advantageously be developed in many countries, especially those where

the following factors are considered {0 be {mportants

- reduotion of the consumption of Portland oement;

- improvement of the resistance of tubes and piping to corrosion
by sulphatic media;

- improvement of the deformation propsrties of asbestos cement
goods under the effect of high temperatures (hot climates) and
variadle humicity.




I. INTROMICTION.

B R R X 4

The asbestos~cement building materisls industry is develop-
ing in the Soviet Union on a large scale., About 50 plants,
soattered out over the main econemic areas, prcduce nearly
7,000,000 tons of asbestos-cement materiale - a large increase in

comparison with other countries which have develoved asbestos-

cement production. The growth of the asbesius-cement industry in

the “oviet 'nion during the five forthceming vears is expected to

inorease by over 70,5,

P A

The large-scale development of the Soviet asbestos-cement

industr’ is encouraged by the fact that it ie the richest and

most up-to-date cement industry in the werld.

Asbeatos-cement vlants produce the prnducts assoriment, whioh

oomprise over 30 articles in accordance with the construction

needs. The assortment list includes: corrugated sheets cf

variablo prefiles, types and sizes, including ccloured sheets;

flat sheets for house facing and industrial uildings conetruct-
ion; water and gas pipes of different pressure so that the pipes

ocan also he used for low ae well as high pressure conduits.

Apart from this, the asbestos-cement industry produces items

for diverse special purposes: fume pipes, metal tubes isolations,

large size composite building constructions (wall panels, roof

slabs with the infill), ste,
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Large-gcale asbeatos-cemant production and the continuous
growth of the production bulk volume of these materials in the
Soviet Union, cause tho necessity for a considorable amount of
research tc find more offective technological procestes and new
raw material compositions in order to get asbestos-cement products
with different properties which would be possible to meet the needs

of users.

Ia the Soviet Union there is the aghestos~cement researoh
scientific and Designing Institute "NIIASHESTCTITNT! and Special

¥ngineering Bureau.

The nsbestos-cement planis also take part in the experimental
work that is conducted by the Institute. This coordination work-
system makee it possible to fulfil experimental works on & large
industrial scale when it is necessar,v. Among such experiments is
the method of oreduction of autoclaved asbestos-cement sheets and
pipes, which {s usad by two anbestos—cement nlants. T™he auto~-
claved production technology is based on the use of the ground
silica~cement mix. Development of the asbestos-cement production
technology on lhe basis of the partial replacement of cement by
ground silioa, and the sucoessive autoclaving of the manufactured
products, became possible after the fundamental research worke on
the theory and practice of the autoclaved materials, conducted in
the 1940's-1950's (P,P. Dudnikov, AV, Vol jymskiy; I.H., Dajenov,
Bernall, Kalousen, and others). First steps in this field of
scientific developments heve been made by “‘,.P‘. Kitajev as far

back as 1936,




Regular research work on the asbestos-cement autoclaved
technology problems on an industrial scale have been
oonducted by NITASITSTCTI™NT in the course of tho years 1954~
1963,

In the Soviet ion asbaptos-cament sheats production
on an industrial basis started in 1957 at a specially designed

and oonstructed plant with two tachnologicel lines.

In 1963, the second plant wae put into operation. Two
technologiocal lines of the plant are producing the aute-
olaved corruguted asbesios-cement sheetr, and another two

machines produce the autoclaved water pipas.

Tet snother nrojeat for the m-nufacture of autcclaved
asbestos-cement large sisc flat sheets for w-1l nanelling,

will start production in 1970,

Within the last de.adc the main questions of the auto-
claved asbestos-cement manufacturing technology were success-
fully settled and technical properties of the manufactured

producte were also thoroughly investigated,

Amalysis of the production costs of the asbestos-ocement
oured by autoolaviug as well as by conventional methods, gave
the possibility to find out *he optimum economic ways for

utilisetion of this process of curing.
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1I. Thooretical basis of the autoclaved

asbestos-cement _production _technologyv. _.

The main technological task - that is, to reduce the harden-
ing period - is settled by the process of curing asbestos-coment
by high pressure gsaturated steam at an clevated temperature that

gharply intensifies the process of hydration of the binder.

1t ie well known that the hydration process of cement and
materials on a cement base has heterogeneous—-diffuae character
and is divided into the following stages: the induction stage,
which is the initial step of interaction between cement and
water. According to the general opinion it starts with the
process of dissolving unhydrated minerals, forming saturated
and ovor-saturated solutions, ‘a.nd stops with the beginning of
orystellization of newly developed forms from the whole volume
of water esolution and forming hydrated films over the grains of

cement,

The firet mein period gshortly follows the induction itage.
1t ib characiorised by the crcation of comparatively insignif-
joant stable locse envelopes over the grains of coment

consisting of newly hydrated formations of colloidal dispersity.

The volume of uncombined water is sufficient for dissolving
waterlces clinker mincrals and crystallization of nowly
devcloped forms, and in this connection the process of hydrat-
jon is running almost solcly through the solution and the

kinetice of the procoss is 1imited by tho water and newly

- 4 -




developed formations diffusion throush tho walls of the

envelopes,

The sccond main stege embraced the period of the further
transfor of the bindcr. The charncteristic foaturcs of this
stage arc tho formation of th: stabla densc envclopes over
the cement groins and conscoucent low diffusion nf water and

the hydrated ions back into solutions.

The diffusion procass slowing down is in accordance with
the general idcas of the colloidal-chomical character of the
cement grains ocnvelopoe and connected with the comsolidation
of the latter. Thus diffueion and hydration velocities are
clowing down to a considoreble extent during the seoond stage

in comparison with the first stage.

Investigations of thc hardening process of the asbostos~
ceﬁent manufactured on the base of alito (038), the main
clinker minoral of Portland coment, showod that under the
elevated tomperature conditions (170-200°¢) in spite of the
hydration procoss acceloration, significart de-croasing of
the tonsile strength of the mitorial takes vlaces this

otcure especially with tne asbestos-cemont.
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Properties of lardened cemeni and asbestos~-cement

stone manufactured on the base of (‘35.

PO R L I ) e e m emee s ey WPt M e 8 8 e @e YseE WS Sam M oe

et w mae b meens @ R AW e AR SWINEGrms & e A % . e A VR A - -

Hardening Bending strength Water Weight by

absorption volume
Condi tions kg/em? 4 A g/cm3
air-damp, 20°
7 days 274 98 19.8 1.63
the same, 20 days 294 100 20.8 1.60
8 ati, 8 h 248 84 20.3 1.66
15 ati, B h 144 29 19.4 1.70
15 ati, 24 h 102 35 2.3 1.74

It is explained primarily by the calcium hydrosilicate
phase composition change--over, namely Ly plate-like hydrosilic-
ates of Co9li/./, as well as by the intensified corrosion of the
asbestos fibres that is caused by high-basic hydrous silicated
calcium. The last are educed in the process of hydration of
Ca(Cil),, hence the necessity of silica presence in autoclaved
asbestos-cement composition became obvious. ‘he best variation
of such additives is the silica sand flour. In this case
Ca(Oil), reacts with silica: at the same time the high-basic
hydrosilicates change over intb low-basic fibrous hydro-

silicates CTI(B) - of the higher structure strength. As a
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result the main task of sherp precipitation of the hardening
process without lowering down the tensile strength of asbestos-
cement is achieved, and the structural strength of the material

has been increased.

TABLT 2,
Influence of fine ground silica addition to
the physical and mechanical properties of
asbestos-cement on the bage of C95/8 ati, 8 h/,

o _ - LR I L R s . e e A -

M T R A U

Cement Sending Strength Water Weight by

TRt o A el A W % R e 8 m een e W e o A A

Composition Absorption volume
p KS/ om, y/ A ,
Cy8 840 G/ omy

A o A T T N A A RA ke BB & A 4 T e SuAE b K S e

As one ray see the kinetics of the hardenirg process under
autnclaving depends both upon the hydration velocity of
Portland-cement clinker materials and on the chemical reaction

between silica and lime.

In the Si0, bonding process the firsi main stage goes on
at the temperature 164-200°C and stops in 4 hours. During this
period 20-35% of silica come into reaction. At the lower
temperature (133°C) the first stage finishes after twe hours:
within this period of time not more than 15% of silioca come
into reaction. Thus, the higher temperature of the hydration
process, the highor cdegree of ihe init.ial components turnover
is taking place during the first stage of the reaction (with the

higher velocities),

-7
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The Einetice of the process within each stage can be deter-
mined as th: probntle velocitv constant (K), +*hat would be easily
found by the tangence of the gradient angle built by the straights

of .he hydration kinetics.

TALLE 3

Kinetics of SiOp bond during the hardening of
asbestios-cement under autoclaving.

A G » A E 6 Ak @ 2L G SRR b e w8 (N R ]

e ae e b L s e S e W b e S L MedE s S S ool B e T ]

Pressure cf Constant value during
:::::’Z’:ﬁ ::::r T.T::z:tm the process / hour ~1/
excess) first second
2 132.9 0.00323 -
6 : 164, 2 0.0358 0.005%
15 200, + 0.0855 0. 00635

Table 3 shows that within the first period when the
envelopes of newly developed hydrate formations are looese and
have low diffuse counteraction, their constant values exceed the
constant values of the second period in 6-12 times, As it was
said before, stable dense envelopes develop during the second
period and sharply lower down velocities of straight diffusion

of water and backward diffusion of hydrated ions.
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To make a long story short, the choosing of ontimum

phase composition of the new hydrate formaiions and optimum

parameters of autorlaving based on the peculiarities -f the

cement hydration kinetica, chemical bond of silieca and temper-

ature limits that influence a'l ‘hese processes, would be
necessary conditione for the manufacturs of auteclaved asbestos-

cement products,

I11. Raw materials for the manufacture of

autoclaved asbestos-cement products,

. e o B T T S S T T e

Silica Portland-cement is used as a binder in the manu-
facture of autoclaved asbeastos-cement, The admi gture is
prepared by combinad milling of Portland-cement klincer and

silica sand,

Fineralogical composition of klincers mects the require-
ments of the special Soviet Standard f?r the Portignd-—cement
used in the manufacture of asbestos-cement préducts:

- tri-calcium silicate (335} - not less than 50;
~ tri-caloium aluminste (CBAI) - not more than 87:

- uncombined lime - not more tran 15,

?ht.main requirement towards the silica sand is a content
of silicon oxide which is supposed to be not lems than 86,.,
Clay particles content is limited tec 6., The preronce of clay
particles (less than 5 mc) is connccted with the worsening of

the filtration properties of the esbestos-cemant slurriaes if

-9 -
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they have significant quantity of the water absorbing clay

dirts.

Jesides that clay dirts have negative influence over the
tensile strength of asbestos-cement products because of the
"blocking" effect in the contact zones between the components

of the arLemtos-cement adiixture.

The strength and frost resistance of asbestos-cement
manufactured on the base of silica Portland-cement are lowered
by alkaline feldspar dirts in silica, the percentage of which

in the sum Na20+K20 need not be more than 2-3.

Grains of carbonate rock, which very often happens in
gilioa sands, are in practice inactive additions and do not
influence the strength of the finished products if the
quantity of additions lies in the limits of 10-120, dignifico-
ant content of calcium carbonate in the sand lowers down the
oontent of msilica, reduces the activity of the binder and
changes for worse the physical and mechanical properties éf

asbes tos-cement,

Composition and firene;: of silica-Portland cement mix

me:t the requirements of special Technical Regulations.

According to the said mineralogical composition of the
klincer constituent the content of the sand component in cement

is supposed to be in the limits of 35-40.., It is worthy to

- 10 -




note that for klincers with the alite content lower than 50,2,

the quantitv of sand in tl.e mixed binder atould ve decreased,

Under the Soviet norms no other additive Lesides gypsum is

included into the silica Portland-cement or Portland-cement for

manufacture of asbestns-cement products. Gypsum regulates

sotting the period of the binder,

Txperiments show that the optimum gypsum content depends
upon the content of tri-calcium aluminate in cement and on its
fineness. Usually tho percentage of gypsum in Portland-cement
used in the asbestos-cement manufacture is not more than 3.5ﬁ
regarding 303 quality. In as much as the klincer part of the
silica Mortland-cement is 60-65 the S0, quantity is considered

not more than 2.2/.

Nequired finencss of silica Portland-cement is determined
through experiments. On th-> onec hand, thc optimum fineness of
cement encures good filtration properties of the asbestos-cement
slurry, which results in a high capacity of a sieve cylinder
part of machine, and, on the other hand, activates tho binder.
As a result of this the rest on the sieve N 008 is supposed to
be in the limite from 7 to 127 1In this case ‘the surface area

of oement accounts for 2400-3200 cmz/gr (by Tovarov or Blaine).

Types and quantity of asbestos fibre used in the manuf-
acture of autoclaved asbestos-cement products are no different
from that of the products which arc prcduced on the base of

Portland-cement.

-11 -




B

Under the Soviet standards indigenous asbestos of Grade v
and Crade VI are used in the manufacturc of shects. Only
separate types of sheets for industrial construction with a span
of 1.5 m are produced with the addition of 104 asbestos of

Orade IIT or Grade IV (85-90% iebestos of Grade V and Orade IV),

Typical fibrc mix of diffurent grades of asbestos is given
below:
- 504 11-5-65 or 1I-5-50%
- 25, 11-6-40;
- 25/ V-6-40,

Asbestos content in asbestos-cement mix accounts for
about 137,

Pressurc pipee arc manufactured on the base of asbestos of
Grade ITI and Grade IV with the addition of 10-1%5% asboestos
Orade V. ‘ommonly used is the asbestos admixture of the follow-
ing content:

407 11-3-70;
457 11-4-35 (or 1I-4~20);
155 1I-5-55.
Asbostos percontage in the asbestos-cement admixture

accounts for 15.5%, ocement 84.5%.




Iv, Mothod and equipment used for manufacture

of autoclaved asocstos-cement products.

I. Asbestos-cement slurry proparation.
In the Soviat Union the major part of asbestos-cement

plants are located closc to the cement factorics. That makos

easier the problem of cement transportation. The asbestos-
cement plant in AKI'JANT, where asbestos-cement produots are
oured by autoclaving, is a part of a compositc cement and slate
factory. Sand-silica cement is producing by combined milling
Portland-cement klinoer and silica sand in coment mills;

cement is transported pneumatically from the siloes of the
coement plant to the bins and hoppers of the asboetos-cement
produotion line. This method is more economical than railway
transportation which is in use on the second lino for manufact-

uring autoclaved asbestos-cement.

Asbestos is delivered by the railway and stored inm sacks
stacked on suppori - separately acoording to the Grades, In
cage of need asbestos in sacks on supports is brought to the

hoppers by accumulatory loaders.

Dosago of asbestor and cement is carried out by automatic
weight batch hoppers.

In the Soviet Union muckh attention is given to the process
of "opening" of asbestos fidre. Natural reinforcing propertios
of asbestos in asbestos-comont oomposition strongly depend upon

the degree of asbestos opening.

- 13 -
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The commonly used methol of the opening of ngbestos fibre
{3 the so=called wet’' method.  zpuraments have proved that a
wet method of opening asbestos fibre in comparison with a *dry"
method increascs the reinforcing properties of the fibrec by
10-15%. The fibre is opened by a double-stage treatment: it
is previously treated in a ball mill during 15-20 minutes; each
batch weight accounts for the water content of the fibre of
28-32%. Final opening ie produced by treating with water in a
hollender or in a hydro-turbo opener, which works on the
principal of “cavitation". ™he concentration of the water

agbestos susnension is within limits of 3.5 - 4.5%

Adopted flow of anbestos fibre treatment ensures asbestos
an opening degree of some 55,=907 and gives the possibility
for making asbestos-cem nt shects without the use of higher
grades IIT and IV fibres.

Careful fiberization of asbestos is an important element
in the production of corrugated sheets on the base of silica
gand Portland-cement bocause the plasticity of the wet asbestos~

cement depends upon the degre: of fiberization.

The plasticity of a wet asbestos-cement sheet manufactured
on the base of silica send Portlani-coment is somewhat lower
than that of the products on the base of Portland-cement. It
is therefore obvious that the necessary degree of fibre
opening iz an important factor to ensure gshaping a wet sheet

without breaks and cracks.

Asbestos-cement slurry is prepared in contact mixers or
turbomixers. To avoid stratification of the asbestos-oement
slurry all the aggregates in like are furnished with mi:ing
devices. It is espccially important when silica gand Portland~-
cement is used for manufacture of asbestos-cement because sand
and cement narticles have great differenoe in their specific
weights. |
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I1. ITTHODY OF FORNATION OF ASITSTOS-CTITNT PRODUCTS.

Asbestos-cement cheets and pipes are manufactured by the
Hatchek process with the help of a revoelving sieve cylinder,
This ~onventional method has general use in f!'> Joviet Union,
and products from the Hatchek process are strong enough and
flexible due to the preferred orientation of the asbestos

fibre in the planes of asbestos~cement layers.

Txperiments carried out by special roentgenograpgy method
show that the degree of orientation of the asbestos fibres in
the working directions in a body of a product got by the
Hatchek proceas is higher by 10-18/ than that of the products
manufactured by the Yagnani, Marchiolli and other modified
methods,

Sheet-making machines for producing autoclaved asbestos-
cement sheets have three sieve cylinders with a felt of 1600

or 1200 nm wide,

The pressure loading part of machines consists of two

parts,

The pressure is ensured by a forming cylinder and a
supplementary press giving roll in the pressure limits from
20 to 50 kg/om.1, The felt speed is 40-45m/min,

In this case the felt speed is higher than that of the
machines working with the slurry on the base of Portland-

cement. This phenomen takes place due to the lower water

- 15 -
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absorption properiies of the asbestos-silice Portland-cement
slurryv in comparison with the slurry on ordinary Tortland
cemant. That in turn prolongs the filtration time to build

up neceesary thidkness of a sheet by 10-154: hence under

the same conditions in the first case the thickness of a layer

exceeds that of the second case.

Together with this the higher werking speed of a forming
mechine and the greater thickness of an elemeniary layer
bring somewhat to the woree plasticity of a wet asbestos-
cement sheet. In spite of the same thickness of elementary
layers, plasticity of the wet agbestoc~-cement on the base of
silica Portland-cement mix is somewhat lower than that of the
products manufactured on the base of ordinary Portland-

cement,

Thie is a reason to slightly limit the capacity of
gheet-making machines up to 95-100/5 of the capacity of
forming machines working on the base of ordinary Portland-

cement,

For the manufacture of asbestos-cement pipes, machines
with revolving sieve cylinders are used. The felt is 3, 4 or

6 metres wide.

The 150 mm pipes are produced on 3 m, forming machines.
The pipes of other diameters (200 mm and lar'ger) are produced
on 4 and 6 m, forming machines. There are no essential
4 fferences in the forming processes of all the machines men-

tioned.
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In the Soviet Union wet aslestos cement sheets are corrugated
mainly without using templates or moulds. Up till now this method

of corrugation has no broad use in the other countries.,

The practice shows that the "mouldless” method of corrugation
offers distinct technical and cconomical advantages over the

other methods of corrugation.

In a forming plant the mouldless corrugations work in a line
with the conveyor (tunnel) for initial setting of sheets where
they go in stacks by 15 pieces. ™he atmosphore inside the
conveyor (tunnel) is characterized by very high humidity and
temperature about 45—50,’500, but in the autoclaved curing this
method of setting is not used. The reason is that the initial
setting cf products on the base of silica Portland-cement mix is

carried out at the moderate temperatures (20-25°C).

There may be a possibility to convey wet sheete manufactured
on the base of silica Portland-cement mix from the forming machine
directly iato the tunnel with the atmosphere of high temperature
and humidity but the research and experimental work on this
method has not yet finished,

For this reason the shests cn the base of silics Portlend-
oement are corrugated on steel templates by corrugaters of

rolling system,




I11. ™ TARDENING OFF PRODUCTS ANUFACTURTD ON Tilll
3AST OF SILICA PORTLANT-CTITNT MIX. ...
Autoclaved sheets are hardened in two stages:
- first stage - initial setting;
- gsecond stage - finzl hardening by auatoclaving at a

saturated steam pressure of about 8 ati.

Before autoclaving, a wet shzet gces through the stage of
initial setting., This is inevitable die to the porous nature of
a wet sheet. Yhile the pressure in the autoclave is going up the
pores full of air are being clogged with condensaed water. Partial
pressure in the autoclave is lower than that in pores of a wet
sheet, For this reason the air in pores aspires to occupy the
larger volume and therefore brings pressure against asbestos-

oement layers.

But if the bond between layers is strong enough the tendency

of asbeatos—-cement sheet to swell is minimiged.

The necessary strength of bond between asbestos-cement layers

{s achieved through the initial stage of hardening.

Primary bonding of asbestos-cemont layers in a wet sheet is
ensured by the process of formation of layers on a forming machine
and develop during the setting time. Intonsity of a wet shecet
hardening process is determined by the intensity and deepncss of
the klincer consistuent hydration process that depends upon cement
fineness, tri-calcium aluminate content, on the initial setting

time and tomperature conditions. If not very dense and poorly
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set material undergoes autoclaving, especiallv under quickly
ohanging and uneven temperature and pressura ccnditions the last
may, im places, cause breaks and stratification of a wet sheet

and that would influence the resistance preperties - nameuiy, froet-
reésistance - of the manufactured product. Before autoclave curing,
asbestos-cement is supposed to have bending strength not less than

60-80 kg/om?.

One of the enterprises in our country gives such strength to
wet shects by storing thom (staked under a felt cover) in a factory
building for 8-12 hours at the temperature of 25-3000. The piles
are thon unstacked, liberatcd from moulds and conveyed to the

autoclave for final hardening.

Initial setting of wet sheets may be accelerated by heating
them under atmospheric pressure. 1In thie casc wet sheets undergo
a two-stage initial setting procedure; air seasoning for 13-4
hours at a temperature not less than 20°C in the building of the
fabrication detachment and successively steam curing in ouring
chambers (one of the autoclaver may be used fer this purpose) at

the temperature of 50-60°C for not less than 2-3 hours,

At the Akmjeme plant whore this system of curing asbestos-
ocement wet sheets is used, the initial setting is carried out on
the secasoning conveyor with the temperature limitg of 25.3o°c at
the head of it and 50-60°C at ite end to take therofore imte

oonsideration the conditions of two-stage hardening system.
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The distinctive paramcters of the initinl setting process
are to be found solelv for oach plant considering properties of

coment ueod,

The final hardening of asbostos-coment takes place in auto-
claves (diam, ¢ mm, length - 18,9 mm) at thc tempcrature 174.5*

and stoam pressurc 8 ati.

ateam curing of wot asbeatos-ccmint in nutoclaves is
carricd out accerding to the rogime of 2-6-2 (at both plants

mapufacturing the auteclavod asbostes-coment ).

(igh prossure - up to 3 ati (174,5°C) is ronched by feeding
saturatcd water =toam to auteclave during the period of 2 hours.
This intomsity of prossurc rise mekos it possible to elimimate
dovalopment of streins in a wot shaot thus to aveid ewelling,
stratification and oracking of a product. Products are seasch~

ing at 174°C for somc timc.

Tho highost strongth of slates is reached at the scascming
of wet preducts under thc stoam prossuro condition in the auto-
clave and comsequcnt temperaturs falle arve carriod out through
steam dimchargement imto thc rutoolave of a by-side tcchidoologioal
iine during a poriod cf 2 hours, This precess results in over-
hoating tho water imsidc the pores of asbostos-coment, which is
oharactcrisod by heat im activity, as well as intensifiod mter
ovaporation, that bring the matorial to the less water comtemt
and to the growth of its strength. Toc fast pressure dropping
wou'1 oausc tho development of tormal strains and crecks ‘B &

wet shcet.
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The autoclaves nre cquipped with automntic tomperature and
pressurc control dovico to control th- stoam curing nrocess

parametors.

The hardcning of ~sbestos-coment pipas.

- . - iaw oan T

The asbesios~ce..wni pipus hardoning process is running in
two stages in th: sam: way 28 that of tho ghcote:s  initial

sctting and final haricning - stean curing in auteclavus.

Initial metting of pipcs has twe periods: thoe first
period is the initial sctting of nroducts on the conveyor
(tummol)s thc scoond, sonsoning of pipos inside tho wuilding

*

of tho plant,

The tuanel is a two or threc storoy chain conveyor, move-

ment of which is onsurcd by rotating bearing rollers.

Comveyors are equipped with a stcam and water foeding systom
for heating anc meisturizing asbestes-comant pipcs. The rogular
oylindor form cf pipca is guarded by thoir continuous rotation
while moving with thce conveyor bolt.

The tomperature imside thc comveyor is 40-50°C and the
rolative humidity 75-805. e setting timc doos not cxcoed 8-10
hours, with the result the impact resistance of pipes after the
initial metting is 220-250 kg/m2 - whioch is quite sufficiont
to manipulate thom and pilc thom for storing. The roduction of
intensity and time of tho inmitial sctting proccas rcesults in
growth of wastago due to the elliptic irrcgular form and cen-
soquent breakage of pipcs.
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The final hardening of asbestos-cement pipes is carried out
either in autoclaves or by geasoning them inside the factory
building. A wholly satisfactory hardening system is dependent
upon the method of lathe dressing of the pipe ends. The
machinery treatment of pipes demands that their crushing strength
be not less than 300 kg/cmg.

lNeither the pipes manufactured on the base of silica Portland-
cement mix nor those on the basis of ordinary Portland-cement, can
achieve the above-montioned mechanicai strength after only the

initial stage of curing.

For that reason pipes manufactured on the base of ordinary
Portland-cement are advised to undergo mechanical treatment after
water seasoning in tanks or hardening on the elongated convey-
ors, Pipes produced on the base of silica Portland-cement mix
get necessary strength only after autoclaving. But mechanical
treatment of asbestos-cemeni in this case becomes more difficult
due to the growth of silica gstiffness: wear and tear of equip-
ment and tools as well as dusting grow too. The practice
demands that asbestos-cement pipes be made to undergo mechaniocal
treatment before steam curing of products. This is the reason
why, after the preliminary hardening, pipes are left to season
for 16-24 hours at the temperature of 20—2500 ingside the plant
tuilding. During this period of time their stiffness reaches
necessary values for mechanical treatment while their abrasion
value is still not so high.

Final curing of pipes is carried out in autoclaves accord-
ing to the regimen of 1-7-1. In this case pressure rise and
£all is brought to one hour, against two for ashestos-cement
sheets, due to the greater atiffness of pipes after preliminary
hardening. Pipes are gubjected to seasoning ot the temperature
of 174.500 and steam pressure of 8 ati.

After the pipes are discharged out of the autoclave they
undergo necessary tesis and are ready for despatch to users.
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V. PROPERTILES OF AUTOCLAVED ASBESTOS-CEMNFNT PRODUCTS,

Corrugated roofing sheets.

The autoclaved asbestos-cement corrugated roofing sheets
which are manufactured by the two previously mentioned plants
have comparatively small dimensions: Length -~ 1200 mm; width -
678 mm: pitch of a corrugation - 195 mm.: thickness - 5.5 mm.

The sheets are used mainly in agricultural conetruciion.

As it follows from experience slates menufactured on the
basis of silica Portland-cement have better resistance proper-
ties in comperison with the products on the basis of ordinary
Portland-cement.

Table 4 gives data of strength and weight by volume of
sheets manufactured on the basis of silica Portland-cement by
the Daughel (the width of sheetmaking machine — 1200 mm.) and
Akmjane (the width of sheétmaking machine - 1600 mm.) plants,
The average data of the same properties for sheets manufactured
of the same type but on the basis of ordinary Portland-cement
are also included in the Table.

TARLE 4.

Physical and mechanical prOperties of roofing materiale.

LN ok W At A A . BV o e e N = W T . S S S A

PR M e S I A e B A o Wi ek M G W el s Mt L - P S

Type of sheet- Bonding gtronsth Weight by yolume
paking nachine efon® e
T oav, maXe min, ev, nax, min,

L A L e . S T T R T T O i I I T N PP

“ilica Portland~ccment
I Narrow 196 253 160 1.61  1.71  1.57
2 Broad 201 253 163 1.58 1.69 1.54

Ordinary Portland-cement

3 Harrow 162 165 160 1.60 1.64 1.57
4 Broad 166 182 157 1.60 1.67 1.56

s . & B S oS W G I, Bl W A RO W 8 B e A s WA ¢ - B T W s —
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Under the Soviet Standards the bending strength of the
materials is found by applying the load in the direction of the
preferential orientation of asbestos fibres.

Under the Standards the sheets on the basis of ordinary
Portland-cement are tested on the 7th day. The strength grows
with further seasoning and up to the time of using them in the
roof structure the s.cengtl: of the Loih types of sheets is
almogt the same. Weight bv volume of them nearly coincides as
well, The impact strength of sheets on the basis of silica
Portland-cement is by 10-15% lower than that of materials on
the base of ordinary Portland-cement. Generally it equals
1,7-1.8 kgcm/cm « This happens due to the lower (by 10~15%)
tensile sirength of the autoclaved aabeatoa-oement. The essential
advantage of autoclaved sheets is in less drying shrinkage and
deforma .. ve changes which take place in the result of water
'oontent changes in the process of use.

‘ VMain deformative changas of the asbestos-cement manufactured

on the base of eilica Portland-cement are connected with the
chemical reaction which takes place during the setting time and
proceeds in the periocd of autoclaving. In a monthly pericd of
air-seasoning, crying shrinkage increasee only by 0.2 mm/m (20%).
The result is that hydro-thermal treatment asbestos-cement
produced on the base of ocrdinary Portland-cement, suffers from
deformative changes: the character of the last depends upon the
hardening system; the drying shrinkage rises up to 0.5 mm/m and
the ~longation of th- nroducte up to 0.3 - O, 6 mm/m.

During further sterage in the air, deformative changes in
the asbestos-cement manufectured on the basis of ordinary
Portland-cement rise by $0-200

After a monthly ageing the moisture deformations of auto-
olaved asbestos-cement is in 2,7-3.2 times less than that of
asbestos-cement oured by conventional methods (Table 5).
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TABLE 5,

TAERIYR e

Drying deformations of the asbestos-cement sheets manuf-
agtured on the base of different binders,

> aon . .- TS 1 a—————t o, vt

BN e i o oo T A . s - —— e, i Ik T

Type of Age, in Shrinkage Length  Qrowth
binder daye mm/m P — %
8ilica Portland~ 7 224 100 1.6 100
cement 14 4.0 41.7 0.80 57.2
28 0.78 32,5 0.67 47.7
Ordinary Portland- 14 1.0 100 1,98 100
cement * 28 2.3 16,8 1.46 73.6

ARL R 0W~‘.m~.-m.- . T e v o L e b IR LI IR F . o

Shrinkage and length growth date shown in Table 5 have been
obtained through the éxperiments, fThe asbestos-cement gheets
were dried to their constant weights at the temperature of 105o
during 48 hours, 3efore drving the shects were immersed in
water of room temperature for 24 hours, -

By their transportability, working and constructing Properties,
albontos-cement sheeats manufactured on the bagis of silica Portland.
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TABLE 6

AR

Pipe assortment according to their diametors, mm.

Dy -, 4 e e o . S i o el ST ey T W= - ot -

Diamoters, mm
y§ ype of e e s e et + <+ 2+ e et

Mnder 10, 135 141 181 109 235 270 279 368 456

I Ordin-
ary
Port-
land '
cement 26.2 0.2 16:8 007 1302 404 5:6 12,1 1502 ;0:6

2 Silica
Port~
land

cement 19;4 407 1904 1506 2@.8 - 12;6 7‘4 001 -

e e e A bk e e I b 4 k0 B B . — o

L

Pipe assortment according to the prescure they stand,

- B . T R

Type of  Pipe mark, %

m . D R - - .. e R VISP B ¢ W3 2 el -
binder BP-3 Pr-6 Br-9 Br-12 nonpress
Ordinary

1 Portlwd" 0‘1 6;5 86.8 0.8 508
cement
8ilica

2 Portland
coment 0.6 18,4 55.9 16.) 8.8

PR R R A S i IR TR IRl L R L R fn s s SR bl kW A NIR - P A

Data of tests for tension, bending and orushing streagths of
autoclaved asbestos-cement pipes are not worse than those of the
pipes manufactured on thc base of ordimary Portland-cememt. T™hese
data are close to IS0 Recommendations.
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Asbestos-cement materiale curcd under the autoclave toch-
nology possess higher frost resistance if compared with con-
ventially treated ashestos-ccomont,

A number of Soviet and foreign specialists noticed the
elevated chemical reaistence of autoclaved arbestes-coment. Thie
fact was oonfirmed by tho investigations conducted in NIIASBTST-
CEM"NT., These invostigations showed that thc autoclaved agbestos-
oeinent has proved extremely resistant to the sulphuretted hydrogon,
sulphate and magnosium forms of attack,

The following factors have an influsnce upon the rusistant
properties of autoclaved asbestos-coment; the part (about 407)
replacement of cement by ground eilica, that is practically
inaotive in ocorrodable modia, cheence of unconnectod Ca./GH/2
and replacement of highly active caleiun hydrosilicates by highly
resistant hydrosilicates with lower basiecity,

"Tentative rocommendations for determinntion of sulphate and
magnesium content in wetor-modin to use them for thc design of
the underground asbestos-coment mains" have Leon worked out in
NIIARBTITCRITNT, According to tho "Mocommondations”, require-
ments towards the autoclaved asbestos-coment Pipes are 2-3 times
higher than in respcot of th. convontially trerted pipes.

YI. TOQMOMIC ADVANTAG™S OF TH AUTOCLAVYM ASBESTOS-CTHTNT
PRODUCTS.

Foonomic offects of the auteclavod asbestos-coment technology
are mwnifestod in saving of high quality coments, partially (up to
40%) repluced by tho silica Portland-cement mix, as well as in
liberation of the cesontial part of working capital, Togother
with this tho shortage of the nroduction time results in the

shortage of the plant aroa,

Production and coonomy aotivity of the plants manufacturing
autoclaved asbestos-cement proves tho profitable use of silioca
Portland-cemont mix oclearly onough,
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It {s impossiblc to distinguish the coconomic advantage
through the usc of the autoclaving process only in as much as
other factors influence thc factory productivity: (structurel
organisation and capacity of tho enterprisc, local prices of

rav matcrials, ctc.).

Only analysis of thc zconomic featurcs got from the cxper-
fences, together with comparative data of the plants under the
project of oqusl ocapacit cs but charactorised with the difforeat
curing methods and types of cemont used, would have givon

satisfociory rusults,

We shall begin with the data analysis of the plants undor
the projects. Advantages of g,;.atoclaving tcchnology can be
{llustrated by comparison oi capital cost and working ocapital
furnishod for the proccss of ashestos-ceomont pipcs manufacture,

A standard projoct for six shoctmaking and two pipomaking
machinos is choson as an ~naloguc for this purposc.

Capacity/annum of two pipemaking machinos is taken for
3,000 km pipes of con. diamecter.

Two foaturcs of thc manufacturing system of pipes on the
base of silica Portland-coment mix arc takon into consideratiom:

1, Transportation of silica Portland-cemont from a
camaent factory:

2. 8ilica sand milling and preparation of silica
Portland-cement mix at tho pipemaking plant.

Cost of a main plant building; for pipes manufacturing:
- on the basc of Portland-cemont 3,140,000 rubles

- on the basc of silica Port-
land cement 3,061,000 rublus

= with sand milling at tho plant 3,136,000 rubles,




Capital cost per | kn, asboetos-coment pipos of con, dian,,
including capitnl cost of the miin ane auxiliapy equipmont and
services, and coupling o factori.s:

= on the base of Portland-couont 1600 rubles,
- on th. bas. of silic, rortlond-coment 1574 ribles,
= with sand millin, .t 1 frctory 1619 rubles.

The autocloving . thiod of suring 1sbostos-cemont peduceos
the production arce ef o worn worchoume hu+ simultancously tonds
to somewhat incroasc th. cost of the oquinment at th. cXpenso of
the autoclaves ugod,

In the first coas tihc crpital cort/1 ki a,c, pipes of con,
diam, i® lower than +hot of the pipes curcd by tho convontional
@othod by 1,63 1in the scoond case it is higher by 1,24,

Pamufaci.ping cost nop 1 kiae n.c, pipos of con, diam, ;

= on the basc of Portland-cemont 1283, 55 rubles,

= on the base of milicn Portland-cement 1269,09 rubles,
= with the milling of silica sand 1221.68 rubdles,

Mamufacturing cost of pipes on the btusc of silica Portland-
comont is lowor in Comparison with pipcs on the Portland-cement
h'ﬁ by 105“40533‘0

The lowor cost of 8ilice Portland-cemont makes cheaper the
raw matcrials mix ueod for asbestos-cemont production by 3% ( in
the first casc),

In order to detcrmine the production effective. oss of
asbestos-cement pipes on the base of -iljea Portland-coment it ig
hecessary to compare tho capital and working costs of both
production eystoms according tc tho following formulae;-

T=C+0,1TK
where
C = working cost
K = capital cost

Results are brought to the pipe produotion par annum, in
1,000 rubles.
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TALLE 8

RIS

. e A e e DS <% W o WEw v S r m e W AU AN Lm L W € S An A GARRR  O B e WSS AU

Pipcs on

the base Pipes on the baso
“loment of cost of Port- of silica Portland-coment

land

comant mix (production)

(preduction)

Comont from Sand milling
coment factory on the plant

h s R e ke e 6 G M WIS WY - f S e s = h o R M s e s o ——

Manufacturing cost 3850.7 3807.3 3665.0

Capital cost 4070.0 3991.0 4126.0
All the exponditurcs 4233.3 4178,8 4030.4
Toonomjcal effect

por amium - 5445 202.9

The timc shortage ef a manufacturing cvelc of the production

in the case of autoclaved asbestos-ccment pipos results in
aocelerated turnovor of working funds, which can be doterminod as

follows:
TABLE 9
P oo T
o A E Al ¢ AR R AN N < YOy W om W Pi”‘ m the" + -l
. bage of Pipes on the basc of
Artiolo Unit Portland- silica Purtland-
coment comont (production)
{production)
Time of prod-
uction oyole 24 h, 14 4.5
Mumbor of cvcles
per annum cyele 24 15
Forming machines km pipes of
capacity (per con.
annum) diam, 3,000 3,000
Turnover funds
requiremont 1000 r. 600 200

A A . A S——————— S - S . - - - s




Acceleration of turning-over the working funds helps to
liberate 400,000 r.: that i3 an additional factor to bring the

A+.Cs production to the higher aconemic offcet,

The practice of Autoclaved asbestos-cement manufacturc confirms
projact calculations cf th. cffcctivoncss of ~utoclaving over the
conventional curing methods,

In 1963 the following data was furnished regarding the
activity of the Akmjonc and Daughel plants, which uscd the auto-
claving mothod erf asbestos-cement production:

The Akmjanc plant:

= 55 mill. con. tiles / ton/ on thc baso of silica
Portland-comont,

- 1430.2 km pipos of con. diam / ton/.

The Daughcl plant:
= 43.5 mill con. tilos / ton/, a 1line
productivity / annum ;

- for a "broad" typo of a forming machino: about 27.5 mill
oon. tiles (average productivity throughout the industry is 28,5
mill);

- for a "narrow" type of a forming machine; 21,7 mill con.,
tilos (averago data throughout the industry ie 21.3 mill),

A day capacity:

= for a "broad" typc of a forming machine: 3751 oon, tiles
(average data: 4012 con, plats);

- for a "narrow' typc of a forming machine: 2839 con, tiles
(average datao; 3088 con tilos).

In the casc of preduction of nsbestos~cement pipos on the
basis of silicn Portland-cement, an average productivity of 3 and
4 m, pipeforming machines accounts for 715.,1 km pipes of con.
ddam. (the avorage datn throughout tho industry = 751.9 km pipes
of con. diam.), Productivity per hour ie 101.4 and 114.4;km
pipes of con, diam, correspondingly, Thus in the casc of product-
b iqn of autoclaved asbeatos«cement,productivity of forming
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mochines is lower than that in tho case of production asbestos-

coment on the bhas> of nortlnnd-conunt.

In 1968 the manufacturing cost of 1,000 con, platos of shocts
on thc basc of silica pertland-coment was 37.78 r., which is 10.5¢
loss than the aversge manufrcturing cost of shoots on the bnso of

Portlend-coment throughout th- industry.

The manufasturing cost of 1 km pipc of con., diam on the base
of silica Portlend-cement came to 1186.28 r., which is 8.7% less
than the averag: data throughout tho induetry.

In other words, thc prncticc confirms essential savings in
tho manufacturing cost of sebcstos-cement produced on tho basc of

gilica Portland-cement mainly at thc expense of rnw materials.

In 1968 the profit of thc Daughol plant sounted t~ 39,97
which wes 137 higher than the avernge throughout the industry.
Although thie data hns A "synthotic" character, it undoubtedly
has summed up the rcosults of the nccclerntion of turning-over the
working funds and somewhnt saving the capitrl cost at the oxpense
of the plant ~ren cut,

The productivity index of the plants where the autoclave
curing of the nsbestos-cement is uscd coincides with that of the
industry ns n whole. In general the Akmjanc ~nd Daﬁghel plants
would rank among thec profitable enterpriscs which effcctively used
the advantages of this method.

Ty now some new projects for the manufrcturc of autoclaved
asbestos-cement pipes arc under dcsign in the Sovicet Union. This
work includes gcologicnl mepping of silice gand occurrecnces, It
is desirable to go in for construction plants on sites close to
tho silicn sand occurrences and transporting linas. It is
nooeesary to takc into consideration othor local cconomical
factors.

The manufacturc of autoolaved asbostos-coment is advisable
for a numbor of countrice wherc there is a koen nacd for
building materials,
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The autoclave curing of ~abustos-cement should intcrest
oountrics for which thc cconomy of Portlind-comcnt is of great
importancu, as cnpitnl cost -nd working capital for mraufacturing
ground silica sand arc for lower than for th - coment production,
When using ~ production mcthod it would bo ~dvienble to taka inte
congideration the spocific propertics of the nsbostos-cement prod-
ucte cn the basis of gilic Pertland-coment, Tor instance, in
countries with a hot and damp climrte the working propertics of
tho autoclavcd shoets nrc £ better in comonrison with the same
characteristics of the shects manufacturcd on the basis of
Portland-cemcnt: it happene duc to the reduccd drying shrinkoge
of tho autocloved asbestos~coment,

Highor deformitive resistnnce of the rutoclaved asbestos~
cemont is of paramount importance for large-size shoets prod-
uction,

Panufacture of autoclaved asbestos-cement pipes is advisablo
in the onsc of the axtromo sulphnte and magnesium ground
rggrassion in locations whoro the underground moins arc planned
to bo oonstructcd,

Autoclaved ascbestos~cement pipos have also proved resistamt
to aggrossive liquids. '









