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mineral wool wlicr Los the roet favourable technical characteristics in the

following ratiod
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l,Introduction

According to the classic definition asbestos-cement

is an artificial stone, produced by mixing of asbestos
and cement and the hardening of the obtained homoge-
neous_product, Generally hardening is carried out at
room temperature in compliance with the hydraulic
strength of cement, however there is also an accele=-
rated solidification process /stecm curing, known from
the concrete technology/.

Asbestos fibres embedded intc cement have a similar

role as the steel in reinforced concrete, This is quite
obvious, Tensile strength of chrysotil-asbestos which

is generally used in the asbestos-cement industry amounts
to 600C-8000 kg/cmz; tnat of the best quality asbestos,
so-called blue asbestos is 20,000 - 22,000 kg/cm®, High
strength asbestos {ramework, comparable with best qua-
lity steels, surnassing them even in some cases lend

very useful characteristics to cement, From the peculiar
interaction of these two materials we obtain a very useful
product surpassing consideratly strength characteristics
of cement; this product is called@ asbestos=cement, The
original patent had been registered in 1900 by Ludwig
Hatschek under the denomination of fibrous cement /Faser-
zement/., The pateat description contains interesting da-
tea being important at a farther stage and according to
which fibrous cement is an artificial stone consisting

of fibres, binding material and in some cases of fine
additives, The uniformly distributed quantity of fibres
used for this product must @#rantee the required strength.

No doubt, the original patent had been built up on as-
bestos. By the fact, however, that the general term
"fibre" is mentioned ia the patent as a skeleton forming
material, it has paved the way for a series of subsequent




experiments which aimed at full or partial substitution
of asbestos in that product which from then onwards is
known under the denomination of asbestos—cement in lite-
rature,

The widespread propagation of ashestos—cement products
has justified Ludwig Hatschek's expectations since this
branch of industry developed all over the world. In spite
of the fact that the number of additional patents having
been registered in the past decades is immeasurably high,
determinations of the basic patent and the principles
having been laid down in it are still valid.

2. Basic materials

2.1 Cement

It appears to be superfluous to deal at this place in de-
tail with the strength characteristics of cement. At the
production of asbestos-cement generally cement quality 275,
eventually 375 is used/symbols according to the DIN Stan-
dard/, 3trength characteristics of the cement are unani-
mously defined in the standards of the different nations,
thus there is no need to raise this question herewith,

However, it appears to be necessary to complete our respecti-
ve knowledge by mentioning a few facts,

According to Soviet researchers, 3okolov and Medvedev /1960/
the bonding strength between asbestos and cement is a funce
tion of the saturation factor of the cement i.e., of the

5> Ca0.810, /CBS/ content; higher 058 content generally in-
creases bonding strength.

Kitaev /1959, 1961/ arrived at similar results stressing

the importance of the particle size distribution of the ce- !
ment. According to him the bonding strength between asbestos

and cement may be desc;ibed by the following formula

Rx=& 8 *

Y txx




where

= strength ks/cm2

= factor depending on asbestos content
= cement saturation factor

= average diameter of cement grain sizeyﬂf

= hardening time, days
= factor depending on the method cement strength test

3““‘6’@»1”

/ tensile ~ 4,7;
bending - 3,0/

2els1, Chemical and mineral composition of cement

Numerous researchers /Sokolov 1960, K:taev 1959,1961,
Berkovich 1962, etc./ have studied the effect of the mine-
ral composition of cement on the characteristics of asbes-
tos-cement and on the output of the slate manufacturing
machine both on a laboratory and plant scale. It has been
determined that cements with a high C38 and a low CsA content ;
should be used. Increase of CBS content tends to increase
strength, reduce water absorbing capacity, improve density,
frost resistance and other characteristics of the asbestos-
cement /Table 1,/

The increase of CBS very favourably influences manufactu=~
riag facilities tooj consequently precipitate content of
the clarifying water decreases, which on the one hand ine
creases the bonding strength between the asbestos fibre

and the cement grains, on the other hand decreases raw
material losses,

By increasing CBS content the dewatering of the raw asbestos
cement layers becomes more favourable, thus possibility is
offered to work with asbestos-cement layers of a higher
thickness i.e. to increase output of the slate manufactu-
ring machine /Table 2./
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Applying of cements with a high CBS content is particu-
larly important when using short fibre asbestos,

Adsorption ability of asbestos represents one of its im-
portant characteristics. Thus the asbestos adsorbs inten-
sively lime hydrate having been released in the course of
cement /mainly CES/ hydration and some other hydration
products in consequence of which a strong connection is
brought about between the asbestos fibre and the cement,
This phenomenon plays an outstanding role in the initial
and the later period of hardening, Thus all hydraulic addi-
tives /e.z. trass, acid fly ash/ which bind the lime=hyd-
rate, decrease bonding strength between asbestos and ce-
ment, thus deteriorating the asbestos-cement product,

By increasing C,S content /on the expense of CBS/ the
strength of asbestos-cement decreases and its water ab=-
sorption increases.

Summarizing the fact one may determine that applying ce-
ments of a higher CBS content giver a higher output of the
slate manufacturing machine besicdss an improved quality of
the product,

Increasing of 03A content not only impairs the quality of
the product but it has also a detrimental effect on the ma-
nufacturing technology. It is a well known fact tha* among
the four clinker minerals /C S, C.8, 03A and C,AF/ C3A re~
acts most quickly with water, and its hydration products
are of a colloidal character.

mhe considersble quantity of colloidal formations deterio-
rates filtration characteristics of the asbestos-cement
suspension, thus leading to a forced decrease of the as-
bestos-cement layer thickness, which at the same time cuts
the output of the slate manufacturing machine.

D7 increasing 03A content the bonding strength between
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asbestos and cement decreases i.e. strength and compact-
ness of the ready product also decrease and its water ab=
sorption capacity increases. According to the literature
this phenomenon may to a large extent be due to the fact
that hydration of C3A is mainly taking place already in
the suspension and during the moulding process /on the
machine/. /According to some researchers good quality .as-
bestos~-cement is obtained if hydration takes place mailnly
after moulding/., Tables 3. and 4. illustrate in which way
631 content effects product quality as well as the output
of the slate manufacturing nachine,

2.l.2., Cement fineness

From the quality point of view of the product the second
most important factor is the fineness of cement. Thus in=
creasing of the specific surface of cement with a simul-
taneous high CBS content improves both quality of the pro-
duct as well as the output of the slate manufacturing ma-
chine /Tables 5. and 6./

By increasing the specific surface the boniing strength
between asbestos and cement also increases, in consequence
of which facilities are given for moulding thicker asbestos-
cement layers. In addition precipitate content of the clari-
fying water /i.e. raw material loss/ also decreases; more-
over strength and density of the final product are improving
with the simultaneous decrease of the water absorption ca-
pacity.

Another question arises when applying cements with a high
CBA congent, when the overgrinding of cement /higher then
3500 cm“/g/ may already become detrimental, The latter is
connected with the fact that the hydration processes are
taking place rather speedely and, as a conseguence the fil-
tration properties of asbestos-cement suspensions are de-
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teriorating. Accordingly the layer thickness of the as-
bestos decreases i.,e. output of the slate manufacturing
machine also becomes less /Table 7./

IFormation of a hisher quantity of collolds impairs de=-
watering properties and densification of the asbestos=ce=
ment layer which finally leads to the quality deteriora=-
tion of the asbestos cement product /Table 8./

Summ8rizing the above one may state that the right selec~
tion of the mineral composition and specific surface of
the cement forms the basis of the manufacturing technolo-
gy of the asbestos-cement product, Therefore it is not a
mere incident that in the USSR, being one of countries
with a highest asbestos-cement production, a special stan-
dard has been called into life which prescribes cement
quality to be applied for the manutfacture of asbestos ce-
ment products.

For the production of the asbestos-cement products the
USSR standard GOST 9835 prescribes 400 and 500 brand ce-
ments., A8 to the chemical and mineral composition of the
cement the following is compulsorys

free Cal mx, 1 %
Mg0 max, 5 %
038 min., 50 %
Csh max. 8 %
SOB between 1.5 - 3.5

In addition it prescribes setting time and fineness of the
cement

Setting time, initials 1 h 3C min
Setting time, final s not over 12 h
Oversize 4900 /i.e. 99”’/ =7%
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2.2 Asbestos

Asbestos crystallizes either in nests or in layers in a
socalled "matrix". Chemical composition of the matrix is
{dentical with  that of the asbestos,but not its crystalli-

nityo
The original rock of the matrix is of volcanic origin. In
case of amphibol asbestos it is mainly olivine with more

or less pyroxene /augite/. In fact the matrix is formed
from olivine by high teuperature and high pressure steam.

In case of chrysotil-asbestos the matrix is serpentine:
chrysotil-asbestos is crystallizing within geological ages
in the fissures of the serpentine rock. Composition of
chrysotile asbestos can be written as:

The most frequent kinds of the amphibol—asbestos used in
the ssvestoms-cement industry are the followings

Crocidolite or blue asbestos
/Amosita /iron aluminium maegnesium silicate/.

In addition asbestos may occur asi

Tremolite /calcium magnesium silicate/
Actinolite /calcium magnesium iron silicate/
Antophillite /magnesium silicate/.

Composition of this group may be expressed by the formula

In spite of the similarity in the formation conditions there
is a vital difference between the asbestos types belonging
into the two main groups. The fibres of chrysotile-asbestos
are vitreous those of amphibol asbestos, however, present

a compact substance, The former one is soft and flexitle,
the latter is hard and brittle., Both asbestos kinds con=-
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tain a considerable quantity orf structural water, which
leaves at a high temperature only. This is the reasén for
the high refractoriness of these kinds of asbestos.

Strength of blue asbestos is rather high, but it occurs
on few places only /South Africa and to a lesser extent
in Australia and Bolivia/. The blue colour of this sort
of asbestos is due to the iron compounds contained in it,

In practice chrysotile asbestos is & magnesium silicate
containing structural water. Its hardness is 3-4, /Mohs
scale/, density 2,5 g/cm3. Its strength is far below that
of amphibolite asbestos. Its chemical composition in a
pure state is aporoximately as follows:

MgO = 43,0 %

810,= 43,0 %

H20 = 12=13,0 %

Other= 12 % /mainly Ca0/

Its strength is 6000 - 8000 kg/cm2 as compared to that of
arphibole asbestos /blue asbestos/ of 20,000-22,000 kg/cmz.
To glve a complete survey of the characteristics of all
asbestos kinds would be too far reaching, thus we are gi-
ving only some vital data on basis of the literature /1/,

Tables 9. and 10 indicate composition of some characteristic
sorts of chrysotile and amphibol-asbestos, respectively.

Table 11. is rather interesting and offers information
without any special discussion about the fact what special
effect of asbestos is acting on strength,

The extraordinary thinness and the enormous specific sur-
face of the chrysotile-asbestos is striking., This may ex-
plain those enormous surface forces which are effective
between set cement and the reinforcing asbestos which fi-
nally result in the favourable strength characteristics
of the asbestos-cement products.
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As a fact worth mentioning we would point out that the
fibre diameter of blue asbestos is by cne order of nag-
nitude higher than that of the elementary fibre of chry-
sotile asbestos., /elementary fibre diameter of blue &as-
bestos is 0,0001 mm/. Over and above the difference in
the physical characteristics this may serve as an expla-
nation for the flexibility of chrysotile asbestos. In

addition data contained in Table 11 offer likewise ex~
Planation for the fact why the strength characteristics
of procducts made of glass fibre and cotton slag wool are
lower than those with asbestos reinforcement,

Fibre length is one of the very interesting and extremely
important characteristics of the various asbestos kinds.
This depends to a very great extent on the field of appli-
cation. Besides the asbestos quality its fibre length
/measurements of which are fixed by standards/ depend first
of all on the processing method. An investigation of these
questions, however, would go beyond the topic dealt with
herein.

2021, Qualitative and quantitative effect of asbestos

In the course of the physico-mechanical study of the as-
bestos~cement properties Sokolov /1960/ stated that the
strength of the asbestos-cement system is determined by
the ratio of the average length /1/ and the average dia-
meter /d/ of the asbestos fibre. According to the above,
strength of the asbestos~cement does not depend on the as-
bestos quality if in the course of the processing of diffe-
rent asbestos kinds an identic value of % is attained. In
the scope of this assumption which may be subject to dis-
cussion from different angles, asbestos types of shorter
fibres may also be used successfully, provided preparation
/degree of shredding/ is adequate. In view of this fact
the socalled "wet shredding"” process had been elaborated.




In order to determine optimal asbestos content, Lukoskina
and Davidova /1951/ have made series of experiments on a
laboratory scale based on asbestos kinds according to the
USSR classification i.e. P-3, P-4, P-5 and P-6, The authors
have determined that the increase of asbestos quantity over
an optimal 1limit is no longer advantageous from the point
of view of asbestos-cement quality. An exacerrated asbestos
feed causes a decrease of bulk weisht as well as the in-
crease of water absorption. They have further determined
that the value of the optimal quantity depends also on the
asbestos quality. Thus optimal value may vary if different
types of asbestos are applied.

The quantitative effect of asbestos has also been studied
by Kitaev /1961/, He used the following asbestos mixture:

P=5=-50 40 %
P=6-45 20 %
M=5=60 40 %

Quantity of the asbestos amounted to 10-12-14~16 %, The
specific surface of cement used was 3200 cu?/g; its mineral

compositions
Cx8 6l.7 %

3
C,8 20,0 %

C, AP 10.4 %

In Tables 12+13 the effect of asbestos quantity on the out-
put of the slate manufacturing machine as well as on the
asbestos-cement characteristics is shown based on the sbove
experiments,

It can be seen that by increasing asbestos quantity froa
10 £ to 16 %, bonding strength between the cement grains
and the asbestos fibres increases in consequence of which
precipitate content of clarifying water decreases. This
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renders possible an increased layer thickness of asbestos
cement i.e. an increased output of the slate manufacturing
machine. Quantitative increase of asbestos of an identic
quality has a favourable effect on the strength of the as=-
bestos product, however, it impairs to a certain extent
its bulk weight and its water absorption.

Furthermore Kitaev has very thoroughly stuuied the quali-
tative effect of asbestos on the output of the slate manu-
facturing machine and on the product quality. P-5, P-6,
M-5 and K-6 types of asbestos generally used in the U3SR
for the production of corrugated sheet and roofings slate
were tested; in the course of these tests asbestos content
amounted to 14 %. The relative test results are shown in
Tabl.l4/a-14/bJt may be ascertained that when ucins 1ow
quality asbestos, precipitate content of the clarifyin-
water as well as the moisture content of the asbéstos plates

increases, and the layer thickness of the asbestos cement
l.e. output of the slate manufacturing machine decreases.
These variations are of special importance if asbestor of
the -6 type gets into the mixtire,

Low quality asbestos impairs the quality of the nro uct.

Thus, strength is decreaesing, bulk weight and water abe-

sorption are increasing, A considerable ceterioration of
the product occurs if the quantity of M-6 type asbestos

in the mixture reaches 20 X%,

In case of applying low quality asbestos due care must be
civen to its preparation /imprcvement of shredding/ and
to adhere to the cement quality standard,

In summary it can be stated that the asbestos quality bears
a8 considerable effect both on the technological process as

well as on the quality of product. /Studying the respective
literature it appears that in the USSR a mixture consisting
of asbestos types P-5, P-6, M~5 and K-6 is used for the
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production of corrugated sheet and roofing slate,

2,22 Experiments made in !lunzary on a plant scale

In the period between 196u5-1969 experiments were carried
out at the "Eternit 'Works" controlled by the research
workers of the Central Research and Design Institute for
the oi.icate Industry with a view to the production of
roofinz and corrugated plates made with varying asbestos
batches and different cement qualities.

The experiments on a plant scale aimed at determining
what changes are brought about in the manufacturing tech-
nology and in the product quality by increasing the ratio
of short fibre asbestos in the batch used for the pro=-
duction of roofing plates. The adjustment of the ashestos
batch composition was made by taking as a basis the ge-
nerally used asbestos batch for the production of roofing
slates in which the ratio of the short-fibre asbestos was
gradually increased.

Composition of the cement used for the experiments was
always the same and the asbestos-cement ratio was also
always constant i.e, 14 w. % asbestos and 86 we % cement,

lanufactured slate has been submitted to durability tests
according to standard prescriptions. The test results are
shown in Tables 15, 16, 17 and 18,
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General conclusions of these tests:

2.221 Each of the experimental astestos batches /Nos 3,
4, 5 and 6 in Table 15/ are suitable to manufac-
ture roofing slates fulfilling, and even surpassing
the quality requirements of the llunsarian Standard
Specification "'SZ2 1197-56 concerning strength, wa-
ter absorption, water penetration and bulk weight.

2,222 ‘Yhen applying asbestos batch llo.6 a strong sticking
was experienced on the collecting cylinder in con=-
sequence of which waste increased,

2.223 From the point of view of strength changes during
durability tests there is no vital difference in
the roofing slatec made with the basic and the ex-
perimental asbestos batches. Strength of the test
pleces was in every case superstandard even after
the durability tests.

2,224 It may be stated that by omitting asbestos type P-3
and by increasing P-5 and P-6 asbestos quantitles
standard quality roofing slates can be manufactured
with due safety without any disturbances in the ma-
nufacturing technology.

In the course of the experiments great stress was put on
the questions in connection with cement quality and manu-
facturing technology. The latter one is linked tc the
arrangement of the asbestos fibres, being determined by
manufacturing circumstances. Thus, for instance, by in-
creasing the rate of revolution of the dipping cylinder

the fibres are better oriented in the direction cylinder
rotation, in consequence of which strength value measured
perpendicularly to fibre orientation is also increasing.
Increasing of the average length of the fibre i.e. applying
iong-fibre asbestos results in the same effect, Fibre orien-




tation may be regulated by changing the number of revo-
lutions of the mixer too. Thus by means of thorough mix-
ing unidirectional fibre orientation may be decreased
anJd the strength parallel to the manufacturing direc-
tion can be increased., The question of mixing is parti-
cularly important when using lo.g-fibre asbestos /P=3,
p=4/.

Going into more details with a view to this question
would surpass the limits of the present study; therefore
I wanted to point out some possibilities only based on
experiments,

3, Endeavours aimed at the partial

substitution of asbestos

3,1 Reasons of the endeavours aimed at the partial

substitution of asbestos

Taking into consideration facilities offered by the ori-
ginal Hatschek patent very soon the intention became more
and more acute to substitute partly or eventually fully
asbestos fibres by different natural or artificial fib=-
rous materials. During these experimental and realisati-
on activities research work was carried on since about
1930 for the oroduction of artificial /synthetic/ asbestos
fibres.

Endeavours and research activity aimed at the substitu-
tion of asbestos were first of all based on economic con-
gsiderations. Economic considerations arose for the follow-
ing reasons: all over the world there is a scarcity in
asbestos which is due to the fact that the natural occuren-
ces of asbestos are limited and more significant ones are
concentrated in some countries of the world only. At the
same time comparing the asbestos reserves of all the de-




29351ts of tne rorld with the cpeetly incrcasine require-
nents of tne nrocecsing incastry /astectog=cemint, incu-
lating, spinning and paper inidustries, etc./ endcavour -axes
itself a »urent to substitute asbestos fitres by l!ifferent
fibrous naterialse, In concequence of the steady increase

of asbestos consumption asbestos substitution is a problen
even in those countries which have considerable asbestos
deposits /as e.>. in the USSR/.

The other economic reason is the fact that only a lesser
part of the available asbestos stocks can be used by the
processing industry as the respective industrial branches
are rather exacting with a view to the asbestos quality.
The present method of exploitation of the asbestos mines
as well as the introduction of the mechanical classifica-
tion of asbestos fibres resulted in the fact that a con-
siderable part of asbestos, having been mined does not
meet quality requirements for further processing. This
circumstance acted as a double incentive for researchers
and industrial experts: namely to create possibilities
for the utilization of substandard asbestos /worse than
grade 6/; on the other hand, however, té research and uti-
lize adequate fibrous material with a view of a partial
substitution of asbestos. Among the economic reasons one
may also mention that the majority of countries processing
and utilizing asbectos can ®mver their requirements only by
way of imports,

Over and above the targets of an economic character mentio-
ned above there were also endeavours to decrease or even
cease the disadventageous properties of raw asbestos fibres
/different fibre diameter, tensile and bending strength,
high specific weight, bad wettability in the case of some
asbestos types/ by using partially or fully artificial or
natural fibres or fibrous materials of more uniform quality
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and characteristics,

Numersus studies and patents deal with the question of the
asbestos. !lowever, the opinion of some of the autihors with
a view to the evaluation of fibrous materials sultable

for the purpose is often diverging,

3,2 Asbestos characteristics in the asbestos-cement products

In the asbestos cement products asbestos fibres have to
fulfil the following three functions:

a,/ to attract cement grains,

b,/ to form a filtrcting layer on the supporting
sieve,

¢,/ to bring about setting of the product thus
lending it high grade tensile and bending
strength,

Condition of the first two properties is the cement carry-
ing ability which is just a characteristic feature of the
asbestos fibres. Research was not succesful yot to fully
clear the question wether the cement carrying ability is
exclusively due to a surface adherence or is a function

of the chemical composition or something else. The third
characteristic of asbestos applies to the resistance of
the reinforcing frame, mainly against the corrosion effect
of the cement hydration products.

The aforementioned triple function of asbestos should
partly or fully be met by the different artificial fibrous
materials to be used for substitution of asbestos. There-
fore only those fibrous materials are suitable for the
/partial/ substitution of asbestos which can take over
fully or at least partly functions of asbestos in the pro=-
ducts,




%+3 "heoretical conoitions of the partial substitution

of acbestos

In the course of laboratory investications of different
fibrous materials applied for the partial substitution of
asbestos, some of the researciers came to find that in the
course of manufacture a certain minimum quantity of asbes-
tos fibres is necessary in the batch. 'his quantity should
be of that order which can succesfully prevent the setting
of cement during mixing. This minimum asbestos gquantity
was different in the case of the various kinis of asbestos
used for the batch and according to the method of asbestos
preparation, All this proves that essentially the so-called
cement carrying capacity is a function of the specific sur-
face of asbestos fibres, Consequently in such asbestos-ce=
ment batches where there is only asbestos and no cther sub=-
stituting fibrous material, only a part of asbestos serves
as the reinforcing of the product /i.e. increasing its
strength/. At the same time this reinforcing part need not
meet the two further basical functione of asbestos fibres
/carrying of cement and the foraing of a filtrating layer
on the sieve cylinder/.

After these preliminaries it can be stated that the part of
asbestos fibres which reinforces /i.e. increases strength/
need not be cement carrying, At the same time, however, the
reinforcing part has to dispose of all those preconditions
which are required for perfect reinforcement i.e. it has to
be flexible and has to have an excellent tensile strength
and a good resistivity against cement,

These theoreticelassumptions were satisfactorily met by
numerous artificial inorganic fibrous materials which were
used for the partial substitution of asbestos in the manu-
facture of asbestos-cement products. Such fibrous materials




ares basalt wool, glass-wool, etc.

From the theoretical assumptions it clearly appears that
different artificial inorianic fibrous materials can only
partly substitute asbestos fibres according to the presently
known manufacturing process applied for asbestos cement pro=-
ducts i.e. only up to that limiting value where it acts as
a reinforcing asent.

On basis of pilot plant test results as well as the respec-
tive lierature references the final measure of the substi-
tution of asbestos fibres by artificial, fibious materials
has oveen determined at 40 % in the case of slate manuface-
turing,.

3.4 Kinds, srouping and basic physical properties of

fibrous materials which can be applied for partial

substitution of asbestos

he d¢ifferent fibrous materials used and apnlied for the
full or jartial cubstitution of asbestos fibres may be
classified accorling to the [olloving:

a,/ artificial /syntnetic/ actectos
b./ natural or -anic [ibrous materials
c./ artificial or anic fibrous laterials

lo/ artificial inorsanic fibrous materials,.
“he four -roups contain the following naterials:

a./ lifferent kinds of artificial asbestos
b./ peat fibres
flax fibres
rayon
wood=nulp
¢/ cellulose fibres
spun viscose
d./ glass wool
basalt wool
slag wool

With some of the different fibrous materials mentioned un-
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der items a./, b./ and ¢./ experiments were carried on in
order to terminate asbestos shortage which made itself
apparent during World War II; some of them, for instance
artificial /synthetic/ asbestos and cellulose fibres were
even used at a plant scale for the manufacture of asbestos
cenent products,

After the Var, however, utilization of artificial asbestos
and of different organic fibres for the purposes of the

asbestos-cement industry was almost completely stopped on
account of the disedvantageous properties of these fibres.

Among the artificial inorganic fibrous materials it has
been tried to make use of pglass wool, slag wool and bacalt
wool for the partial substitution of asbestos in the manue-
facture of products of the asbestos-cement industry.

2,41 Glass wool

For the partial substitution of asbestos, <lass vool up

to 10=15 % is used in some of the asbestos~cement nrolucts
in quite a number of countries, Investirating the srooner-
ties of slass wool it was determined that the hydration
products of cement have a "corrosive" effect on the ~luass
fibres, in consequence of which a jelly-like film ic for=-
med on the surface of the class fibres which hiniders further
deterioration. In view of tihis it is suggested for purt of
the asbestos cement products to be substituted by a hichly
basic ;lass wool. According to some exceriences, Lhe water
bearing capacity of glass wool is rather veak; thus it of-
ten occurs that it does not Jissolve uniformly in the batch
and tends to float on the surface; in addition this is also
in relation with the operating length of the glass wool.
Furthermore the filtrating effect of glass wool is rather
bad which render: possible for the cement to float away thus
causing a decrease of strength in the product,
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Elasticity constants of slass wool change in time: elon=-
cation and strength of glass fibres gradually decrease
causing a drop in strength of the product.

Average diameter of the industrially manufactured glass
wool fibre amounts to lO-lgﬂ,: its working length has to
be 30"‘40 MDe

2,42 Slag wool

Slar wool was used for the partial substitution of asbes=~
tos on an experimental scale in the manufacture of asbes-
tos=cement products.

There are diverging opinions in the literature on the
characteristics and the suitability of slag wool to be used
for this purpose,

Averare lensth of slag wool fibres amounts to approx.
7-20 am or less; its average fibre diameter is between
4104 « Ln the course of the slag wool manufacture nelt
pcafls are formei on some of the fibres /up to a quantity
of 40 3, leven:ins on the system /which are not drawn out
into fibres; their average <iameter may vary from the ave-
ruce fibre jiateter up to 5004 » Utilisation of slag wool
for the purnoces of the a:bcétos-ccwent iniustry depends
first of all on the tact how fur the quantity of the non-
fivbrous cart /uelt ncarl/ cun be lecreased. Obviously the
senarabion of mclt vearl content results in the decrease
of fibre lencth. wlasticity constant of slag wool is

E = 7.105 kg/cm2.

According to I. Taichmann slag wool fibres are very brittle,
their chemical composition is not suitables in the course
of investirations this resulted in the fact that the slag
wool fibres deteriorated with time in the asbestos-cement
in consequence of cement formation., Resistivity of slag
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wool fibres against alkalis is also rather poor and their
hydrolytic resistance is 2~3~times lower than that of ba-
salt wool. In the case of slag wool a sulfuric or limy de=-
composition often occurs resulting in the complete deterio=-
ration of the fibres.

Investigations made by P.P. Budnikov and K.E. Goryainov
proved on the other hand that slag wool fibres in cement
mixtures had shown favourable characteristics. On the sur-
face of slag wool fibres kept in a saturated lime solution
hydration products have formed /as proved by microscopic
investigation/, which dispersed more or less uniformly on
the fibre surface, The hydration products were mainly cal-
cium silicate hydrates and calcium aluminium silicate hyde=
rates. On account of the hydration products formed on the
slag wool surface the average fibre diameter may not be
less than 2P s because, as a consequence of surface hydra=
tion, the average diameter will soon decrease to 0.5-1/ .
The "microconcrete" theory of V.N. Yung may also be applied
to slag wool fibres according to which clinker rcrains and
the nydration products of the surface layers of slag wool
fibres bring about a new hydration product similarly as in
the cace of slar, concrete. This procduct is the so=called
"{rensitory layer" to which cement ;rains are adhering with
an extraor:iinary strength.

3,4% Lacalt wool

In the manufacture of asbestos-cement products basalt wool
fibres are used in a considerable quantity for substituting
asbhestos,

Averare fibre diameter of basalt wool fibres is between
7—35/& s depending on the fibre forning system. Materials
of an average fibre diameter of ‘7-15/;0 have the most favou-
rable characteristics. Average tensile strength of basalt




- 40 -

wool amountes to 6000-5000 kg/cmz. Chemical resistivity of
basalt wool fibres compares with that of the best glass
fibres, their resistivity against slkalis is also excellent;
their resistivity against water is more favcurable than
that of slag wool; some of the hasalt wool fibres show a
satisfactory resistivity acainst cement attack. In the
course of the basalt wool manufacture there is also melt-
pearl formation, quantity of which, however, does not sur-
pass 20 % in the majority of cases,

The Czechoslovak standard o, EQN 727,311 does not pernit
a melt-pearl content higher than 10 % in first grade ba-
salt wool,

In the case of a higher pearl content than the above the

artificial inorganic fibrous materials which may be used

for the partial ubhstitution cf asbestos have to be freed
from pearls,

3,5 xperiments carried out abroad with a view to the

partial substitution of asbestos

In the latter years experiments were made in the USSR,
Czechoslovakia, Roumania and 'lungary with different arti-
ficial inorganic fibrous materials with a view to the par-
tial substitution of asbestos, In the USSR slag wool has
been used for this purpose and basalt wool in the other
countries, ‘'echnical indexes of the experimental asbestos=-
cement products made by partial substitution almost reach
the values having been determined for the products without
substitution.

In the course of the application of slag wool Czechoslova=-
kian researchers have found that the slag woo. fibres are
brittle, their melt-pearl content is rather high nor is
their chemical composition suitable; thus below acidity in-
dex 1.2 fibres are deteriorating by the alkalinity of ce-
ment, consequently the strength of these products is also




decreasing considerably,., Glass wool, if its chemical com=-
position is unsuitable, is indurable, thus by applying
this material strength decrease of the product cannot be
prevented,

Foreign research workers obtained rather favcurable re-
sults by using basalt wool. According to these experien=-

ces ashestos~-mainly the long one - can be subsituted up

to at least 30 % by good quality basalt wool; this has

far more favourable fibre characteristics than has slag
wool, Fibres of basalt wool are not destroyel by cement
alkalinity nor by moisture or weather effects, thus strength
values of products made of this material do not decrease

in the function of time.

3,6 ilungarian experiments

Research project was executed at the Central Research and
Design Institute for the Silicate Industry on a plant scale
in the period between 1966-1968 aimed at finding a sui-
table solution for the partial substitution of asbestos.
These experiments were made with the following artificilal
inorganic fibrous materialsg

a,/ slag wool /Hungarian/

b./ basalt wool /Hungarian/

c./ basalt wool /Czechoslovakian/
d./ mineral wool /Swedish/

No mention will be made of the numerical evaluation of the
investigations; we shall Berely limit ourselves to final
conclusions which may be drawn as follows:

Among the artificial, inorganic fibres which may be used
for the partial substitution of asbestos the Swedish mi-
neral wool "Rockwool 113" or a fine fibre basalt wool of
identical quality and technical characteristics are the
most favourable., The most important technical characteris=-



tics of these fibrous materials are as follows:

Chemical compositions

8102 45-46 %

A1205 14=15 %

Ca0 16-17 #

Mgo 8- 9 %

r.205 10-12 %
Acidity index:

810, + Alzcz2

Ca0 + MgO
Resistivity against waters
not more than 19.6 mg/100 g fibrous material,

Physical characteristicss

= 2.5

Average fidbre diameter 4 -G/u
delt-pearl content /above

0.2 mm/ max, 1 %

Surface treatment 1 % orzanic nma-

terial to pre-
vent dust forga-
tion.

On basis of plant scale experiments it can be stated that as-
bestos fibres can be partially substituted in the following
ratio by mineral wool of the quality mentioned abovej

Roofing slates 10 =17 %
Corrugated plates 10 - 14 %

Drain pipes 10 - 20 %
Pressure water
tubing 10-17 %

Primarily P-3, P-4 and P=5 grade asbestos qualities cen be
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substituted by a suitable quality of mineral wool.

Generally One can state that for the partial substitution
of asbestos artificial 1inorganic fibrous materials can be
used acidity index of which is above 2.3, and which have a
low quantity of melt-pearl contents /maximum 10 %/, and
their fibre diameter is rather thin /4~64 /.

Mention must be made here of the "A" fiére having been tes-
ted in the Czechoslovakian Research Institute of Brno and
which is probably a mineral fibre stabilized with Zr02. We
are not in possession of the data bearing on the chemical
composition and physical properties of the "A" fibre but
according to some Czechoslovakian reports it can be used
with a rather good efficiency in all asbestos-cement pro=-
ducts in a quantity of about 20 %. In spite of this we un-
derstand that "A" fibre is not used in the Czechoslovakian
asbestos—cement industry on a plant scale,

226 Cost questions

It would serve no purpose to mention ir this report such
self-cost data which have a specific character in the in-
dividual countries, and their use in some other countries
would bear out in rather doubtful results,

Nevertheless we should like to point to tLre: fundamental
principles in this matter:

a./ Asbestos occurences are rather limited. A prime target
should be to discover possibilities by which asbestos
share can be decreased in the asbestos-cement products.,

b./ Endeavourg i%med at decreasing asbestos proportion can

r
by no meg n a quality deterioration of the product,

¢./ In case of adhering to conditions under b./ costs of
substituting materials used cannot be higher than that
of the substituted asbestos,



To adhere to these three principles is a "must" in all
future work, ‘
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