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Cement adhesion to the asbestos fiber and its influence on the vhysicomechanical

properties of asbestos cement

The study of adhesion is at present acquiring great importance in various
fields of technology, including the technology of the production of esbestos-
cement articles.

The theoretical basis of this corperatively young branch of science was laid
by B. V. Deryagin, Corresponding Member of the Academy of Sciences of the TSSR.

Already in the very beginning of the development of the shingle industry
such characteristics of the asbestos-cement suspension as uniforr distriovution
of the cement in the mess of fibers, absence of verceptible stratification of
the solid phase in the susvension even at a small concentretiorn thereof, retention
of the structure at intensive stirring, were explained by the strengba of adhesion
of the cement to the asbestos Iibers.

Prof. P. N. Sokolov in 1935 introduced a revresentation of the elenentery
structural particles of asbestos-cement consisting of asbestos fibers vhose
surface is covered by grains of cement. On the basis of this revresentative he
determined the theoretically necessary ratio betieen fiber and binder in the cherge

P. H. Sokolov () thinks that the adnesion of the binder increases the area
of contact between cement and fiber, increases the strength of attaciment of the
fiber in the cement stone.

Haidn (2) attributes an even greater importance to the adhesion. Studying
the possibility of the employment of mineral and orgenic fibers in the shingle
industry, Heidn came to the conclusion that the ability of the Jiver to aduere
to the cement in the watery suspension is the decisive factor for judging the
suitability of the given fiber.

The theoretical representations of the significance of the adhesion played
a great positive role in the develooment of the technology of asbestos-cerent,

but they were unable to replece experimentz]l vori: on Gebermining more rreciselyr
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not only the qualitative but also and mainly the quantitative indices of this
process.

The significance of the adhesion could not be limited to the technological
field alone. It was clear that it must exhibit e substantial influence on the
whole course of the physicochemical processes in the asbestos-cement; must influ-
ence its fundamental physicomechanical characteristics.

A fundamental difficulty at the study of adhesion was the absence of a 1nethod
for its quantitative evaluation. Many sttempts in this direction were unsuccessful.
Tt was impossible to determine (express in numerical values) the degree of adhesion
of the cement of one or another composition to the asbestos, the influence of the
swelling of the fibers and other factors. It may be for this reason that the works
on the physicochemistry of asbestos-cenent carried out in the last 15-2C years
have failed to attract the attention which they deserve.

The staff of the All-Union Scientific-research Institute for Asbestos-cement
En 1950 formulated a method for filtration analysis of asbestos-cement susvensions
(3). In this connection there was discovered the possibility of indirect gquanti-

" tative characterization of the vrocess of retention of the cement by the Tfiber,
and together with this to investigate the influence of the degree of adhesion of
the binder on the basis of the technological processes and the physicomechanical
characteristics of the asbestos-cement.

T. M. Berkovich and A. I. Vasil'eva (L) investigated the .adhesion of the
grains of cement of other powdery materizls to the asbestos in the water nedium
with the help of measurement of the amount of sediment in the filtrate obtained
at the filtration of the asbestos-vower suspension. A defect of this method of
investigation, as the authors themselves state, consists in that the awount of
sediment is influenced not only by the dezree of adhesion of the powder but also
by the structure of the £ilm forming in the screen.

In the present article there are presented and discussed the results of the
studies of the process of adhesion with the help of filtration analysis carried

out In the Institise in the veriod 1650-125k. fThere is deserived the inTluence
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of the adhesion on the vhysicomechanical characteristics of the asbestos-cement
and on the productivity of the screen part of the sheet-forcing machine.

1

Microscopic investigetion of structure of asbestos-cement particles

The structure of the particles of the solid phase of the asbestos-cenent
suspensions was investigated under the microscope.

For this purpose the fibers of asbestos with the cement varticles on the
surface were withdrawn fro: the suspension prepared in the factory hollander
as well as from freshly~formed layers and sheets.

For studying the adnesion of the cezment of the fibers of various dezrees
of disintegration, and for investigating the influence of the duration of contact,
the velocity of nixing and other factors, some preparations were alss =roduced
under laboratory conditions.

At the nmixing of the asbestos and cement in the hollander the aéhesion of
the cement to the fibers occurs under the conditions of intensive stirring of
the suspension. For retention oi the particles ol cenent of the surlzce of the
Elbers there is necessary a considerably stronger linzege than at the insignifi-
cant velocity of movement of the particles. Therefor under the lazboratory
condltiions the cenent was denosited on the fivbers I»oi & cement suspension of
concentration &, which vas continuousiy stirred in the mizer st an intensity
corresponding to industrial cornditions. Into the cement suspension the asbestos
Tiber was plunged glued on cone end of & glass suick. After a certain length of
tine the fiber was transierred from the mixer to an object glass. Then there
vas added to the fiber a drop of distilied weater talen fram the troduction nrocess

(recu>erator), and the preparation was covered with the glass. The =resorziicns
vere exenined in relfiected light. There vere investigeted In 2l 55 =renarstions

An observatlion Too.r 2 hours frox the moment of remcval of the nrencrcoiion
Zron the rdier

Some characteristic microphotographs of preparations are presented in Tigure 1.

Do

the zshesics 2bers tazen

i

The visuzl observation and the microrhotogrenhy o

B o T S I, e o e e e Moo - K P -
_"TL o The 3e5eIs-2e @t fagnensions &5 weil as Tron the Irestliy-Tored loorers
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1

the adhesion of the grains of cement to the fibers under the conditions
of intensive stirring of the esbestos-cement suspension occurs very unevenly.

The split asbestos clusters, where the distance between the individual con-
stituent elements of the cluster is less than the average diameter ol the adhering
cement grains, are covered with cement particles. The density of occupation of
the grains on these segments is between 6 and 46 pieces per fiber length of 120
microns, and the size of the grains is about between 25 and 30 microns. 4% this
one grain of cement is in contact with several fibers of the asbestos ciuster at
several points. This type of adhesion we call provisionelly muitinointed’.

On the other hand, the non-split asbestos clusters varying in diemeter between
25 and & microns are nearly clean (cormare figure la). On their surface the
cexzent greins have a wezi hold.

Consecuently, the cement particles do not cover with & continrvoas layer the
whole outer surfece ¢f the asbestos fibers in the suspension. This cauanot be
attributed to a defieit of cement grains of the given dispersity, because in The
leboratory wmixer, when the fibers were nixed, There was & pgreat eiicess ol cement
particles of the Zfinest fraction, and nevertheless 21l the non-s»litv asbestos
clusters vere not, reserdless of the diameter, covered by cement.

Tne rnzin condition for a2 strong adhesicon zud the forrebtion of 2 dense izyer
of cerent particles on the fibers is the nresence of multivointed contact.

The stronger hold of the cerment on the surfoce of the split asbestos clusters
ney be expizined as follows. In each of the noints of contact betwes: the cement
grains and the {ibers there acts a molecular Force of attraction of a certzin
neznitude. The lerger the number of noints of contact is, the greater is the
totalr value of tze force of adhesion.

The »ossibility of the existence of the muitipointed contact on the asbestos
fibers is due to the fzct that the asbestos fibers in the clusters are not
corpletely split at their treatment on the rollingrill under factory conditions.
it the zrocess of Turther treastuent ol the asbestos with the hollander, the

—~ Fo = Ta - - - - an  e=Ta P AT
=ed, an€ the &istonce vetween The JTibers ol iy
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clusters is increased, elthouglh complete disintegration of the clusters does
not occur. fter the hollander the fibers are united into structursl nperticles.
Tn the process of mixing the suspension such structural particles move as one
whole. The coroonents of the fibers are not sevarated, but retain 2 certain
position reletively to each other. Therefore the cenment varticles immediately

come in contact with certain fibers even in the process of intensive mixing of

the suswension.

Figure la: Adhesion of cement to asbestos fiber; strong to split cluster at
presence of multipointed contact (above); weai: to nonsplit cluster (below).

Yagnification 200

Figure 1lb: Adhesion of cement to fibers of mineral wool: weall to individual
fivers (above); strong to clusters cormosed of several fibers (below). Magnif-

ication 150x

Figure lc: Asbestos fibers with hydrated cerent grains on surface

>

Figure 1&: Unegual adsorption of products of hyération of cement on asbestos

Figure le: GSuxface of asbestos-cement layer. Iagnification 90:

The significance of multipointed conteet for e strong adhesion of varticles
o cexent (or another powder) to the surface of asbestos fibers comes out par-
ticularly clearly when the molecular attraction of cement grains by asbestos
fibers is corpared with the attraction of iron balis by & prismatic magnet.

The grezter the muber of nagnets presented to the ball on the same side
is, the more difficult ut us ti tear ut iff, If, however, only one negnet remains
(one-nointed contact), then the ball can easily be torn off.

Now imagine that the niagnets together with the ball begin to move. Here

we nave two cases.
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The first case, vhere the magnets are strongly united, and do not change
their positions relatively to each other during the movement. Then, at movement
of the magnets in any direction the ball will be touched by each of them, and .
will adhere strongly to their surfece (like the cement at movement of asbestos
fibers united into one particle).

The second case, where the megnets are not united, so that at movement of
the one magnet in the one direction it is torn off the ball, of the second mzgnet
in the other direction, etec. until the ball is torn off the magnets. This sHhen-

orenon will likewise occur if the number of magnets is increased. Regardiess of
how many magnets there are, il they are not strongly united the ball will be
retained weaxly, because at their simultaneous novement the ball can be touched
only by one of the magnets. Anzlogously, the adhesion betireen the cenent
particles and the asbestos fibers is destroyed if the latier are united Into one
structural pvarticle.

Therefore, a rerzriable charecteristic of asbestos is its particle in the
Drm df a cluster, vhich, touching the cement particle simultaneously in several
places, can hold it stronzly to its surlece, even vhen the size of the Harticle
reaches 20 nmicrons and nmore.

The vresence of rultipointed contact is avparently a special condition
necessary for the adhesion of nacroverticles, such as grains of ordinary cement.
From this viewpoint there must a2lso beconsidered the guestion of asbestos clusters.
The fiber clusters should be split {sepcrated) in the hollander only to such a
degree that there will be possible multipointed contact with the cement merticles.
I the optimal treating time or the asbestos in The hollander is eiceeded, the
nonsplit fibers, consisting of clusters uust be "sepcrated” to such on entent
that the cement grain is unable to come in contact with several Tivers simuitene-
ously.

It is precisely to this circumstance that there msy be explained the necessity
found in the experiments (5) of limiting the treating time on the reconstracted

hollander (z2) to 5-7 rinstes.
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The factor of rmltivnointed adhesion uust also be takien into accounv at
investigations on the employment of asbestos substitutes.

1t is =nown that the adhesion of cement to the fibers of nmineral wool is
worse than to the fibers of asbhestos (L4). If all of the asbestos in the susven-
sion is replaced with mineral wool, its corposition is hetverogeneous, and it
stretifies. One of the reasons for the weak adhesion is that nineral wool does
not have clusters. Its Tivers are separate. Multipointed contact with tie
cement perticles is irmossible.

By creation in the loboratory of clusters of the fibers of tineral wcow

the adnesion of the cexent is significantly strengthened (commare figure o).

This exveriment shows thet at investigeations on the employment ¢l mineral
wool in the asbestos-cerent industry there mmst be taien inbto account nov cnly

its chenical corposition but also the vDhysical characteristics of the binder
to the surface of the fibers.
lioreover, it is useful to study the cuestion of the unting ol the fibers of
the mineral wool into clusters for strensthening the adhesion of the cement.
Despite the wealmness oI cerient to the fivers of mineral wool, its addéitlon
to the asbestos-cenent susrensiocn can pe irproved by Jiltretion,vhich is cea-
nected with 2 considerable increese in the zorosity cf the obtained loyer, DLecsuse

te rigidity of the fiber cf rineral wool revents its commacting b hy-érostatic

oressure.

)

2. I the microscose there can be observed the nDrocess of the denosit o
the nroduct of the hydration of cement on the asbestos fibers.

In 53-8 rinutes after bringing the asvesios-cenlent elementary nariicles into
the vater, turvidity is observed aoround the cenent marticles.

LTter the lepse of a certain length of time (%0-20 minutes), wiich depend
on the composition of the cement, the quentity of salt dissolved in the wvater,

and the terperature, the asvestos clusters, on the segments where the clearance

-

between the ceient —a’ns does not go 2bove 3-+ nicrons, are covered with a

= e - sat s FR —ede - . - -
ase, ant gecilire poe ellvernsl oonenronte co
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2 thread of increased diameter in comparison with the original dimensions of
e asbestos fibers. On its surface it is no longer possible tc distinguish
between individual cement grains and individual asbestos Iibers (compare Figure le)

On the segments of the asbestos clusters with fewer cement grains the contin-
uous gelatinous envelop does not form. It exists in the form of individuzsl sep-.
erate segments (compare figure 1d).

Asbestos clusters with an uneguel distribution of the cement grains in their
surlace in the same state noy be deposited not only under laboratory conditions
but also at the formation of the asbestos-cement layer. Under these counditions
he adsorption of the »roduct of hydration of the fibers will be unecucl. The

ch cther

o0

strength of the bonds of the asbestos-cement elermentary narticles with e
111l be vnegual. Tt will be stronger in those voints of their convect where z
larger nunber of cenent grains vas nresent.

Accordingly the microscovic investigdion shous that the adhesion of the cement
w2y have an influence on the mechanical strengbth of the asbestos-cerent.

3. The structure of asbestos-cement (Figure le) cannot be rezerded &s mono-
lithic, but is instead more reminiscent of a networl, a rigid sieleton of
asbestos-cerent elements, nore than 505 of vhose volume is occupied by vores.

The mechanical strength o such a2 systen depends to a2 considerable degree on
the slace vhere the cenent grains are concentrated: on the surlace of the
asbestos Tfibers or in the intervals between thern (in the celis o the netéor:).
In the Tirst case, becouse of the adhesion of the cement to the asvestos fibers,
the linkage between the asbestos-cement elementary narticles will be stronger

then in the second case.

2. Investligetion of dezree of adhesicn by

o

Tiiltretion rethod. Inlliuence of

adhesion on characteristics of asbestos-cenent

Despite the worth of the microscopic methods of investigation, one of their
shortcomings consists in that they enable the study of the adhesion only on
individual fibers, ané G2 not eneble the characterization of the degrees of

-t o® eemis e eee -~ oo o g mrn e men A R4 o -
o LT L LTSl TTAULE OL U..€ SUSIHEeNSIOon 0L cLllerelv
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with different inds of adhesion. Therelore the microsconic method was nov
ermloyed for estimating the nuriver ol cement grains to the asbestos Ilibers in
the susvension.

As the pethod for determining the number of cement grains adhering to the
Tivers there vere selected the method of Tiltration analysis. This selection was
not fortuitous. The method sedimentometric investigation, or the nethod ol
rheology, widely emmloyed in colloidal chemistry, are not employed Ifor the study
of the structure of asbestos-cement suspensions. The high velocity o seclienta-
tion of the verticles 6: the asbestos-cerent suspension goes fer beroad the
aerissible limits of the employment of the sedirentometer. The necessity of
studying the structure at unequal mixing of the suspension is also an cbstacie
to the erployment of either the sedinmentouieter or the rheclogical method.

3

The exploynent of Tiltration anslysis for svudying

structure-Toration In
suspensions was Tlrst »roposed by V. Cstwald in 1¢22. iLlterward this method vas

successfully ermloyed in the USSR by I. I. Zhukov, A. V. Dumensikii, P. A. Rebinder

end others.

At the prusent time filtration enalysis is ermloyed in the petroleum, the

ore-concentration, the food and other braonciies of industry.

The basis of the ermloyment of filtration anelysis fer the Investigesion of

D

the structure of susvensions is the dependence of the velocity ol Troversal of

the licuid through the larer on the avercse dlzneter of its nores.

+ EN oengmemyde . ® e E .- P R L IR A amer
In on asbestos-cenend larer (£iim) the averaze digieter ¢of the neores denends

(&)

1ot only on the site of the particles of the soiid jaase but clso ox e 4lgoesi-

) IO e R N Ak dara Y qr e o=
CICN CI TLE Cellgllu Srilils TeLfvlvVe.y ¢l vl
s

In Tigare Z thiere cre represented Slemrorminticzll: Twe cells of The same

-

(0]

size in an asvestos-cenent layer at vesler ané stronger sdhesliox o ceoment o

-~

Tiber. In a cell gz, there zre & nores of diameter d, in cell o, 1 pore of

Tigure 2: Diagranmatlc representations of elementary cells in asbestos-celent
Torer: Crtoot ezl ol (D) 2% stromzer cdnecion of cmient 3¢ osleshos Clder,
a~r - - FIRTY L -~ e -~ —mve " " . . ez
- mr ot ve s emm Yl R L TR - e s o=
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If the erea of the section of the pore or diameter 4 is teken at unity,
then the area of the vore of diameter 24 equels k.

From the fact that, eccording to Poiseuille, the velocity of flow of a
liquid in pores (capillaries) is directly proportional with the squere of their
diemeter, it follows that the disposition of the cement grain can be changed from
filtration with water.

Take the velocity of flow in a pore of diemeter d at unity. At increasing
the diameter of the capillery by two times the veloecity is increased by four
times, and in capillary 24 will be equal to 4, By multiplying the velocity
of flow of the liquid by the area of the section of the nore we find the guantity
of liquid which filbers per unit time through the pores of cells o and b.

Through the pores of cell a there filters:

1 x 8 equals S cubic units of liguid.

Through the gmall pore of cell b there filters:

1 x L equals 4 eubic units of liguid.

The large pore of cell b passes:

b x 4 equals 16 cubic unit of liquid.

Tn all tere filters through the »ores of ceil © 20 cubic units of liguid
instead of 8 cubic unit through the pores of cell a.

Exariinetion of the model shows that with increasing degree of adhesion of
the binder there occurs a considerable increase in the fiow of liguid. Ry
neasuring the velocity of flow at Tiltretion enalysis there can be estimated the
value of the alhesion.

It is importent to notice that éhe total area of the sections of the pores
is in cells a and b the same, and that the difference in the guantities of liquid
vassing through occurs solely because of the veriable diameter of the pores.

Consequently, layers differing only in the degree of adhesion of the binder
nay have nearly the same porosities. .

The veriable disposition of the particles in the layer, which has little

InTluence on the mosmitude of the sorosity, is a varticularity of the structure

ASARCO ALV 0006957



-11 -
of asbestos-cement in connection with the presence of a network of fibers with
such large cells that the cement grains can move freely in them.

The methods and apvaratuses for fibration analysis employed in colloidal
chemistry are not employed for the study of asbestos-cement suspensions. The
All-Union Science-Research Institute for Asbestos-cement has formmlated a
special arrangement (the chamber filter), with which there is determined the
coafficient of resistance to filtration - a magnitude depending on the size of
the pores in the leyer consisting of particles of solid phase of the investigated
suspension., Since the size of the pores likewise determines the degree of adhesion,
the coefficient of resistance (Kphi) is ermloyed for relative evaluation of the
degree of adhesion of the binder (b).

With this arrangement the sheet is formed in the following mannexr,

The asbestos-cement layer obtained on the filter is taken off together with
the netting and laid on technical cloth. Then the cloth and the layer with net-
ting are pressed on the lsboratory vress under a vressure of 3 kg/sqém, which
corresponds to the value of the vressure of the squeezing rollers of the sheet-
forming mechine.

The cloth with the double layer is laid between metel plates and pressed at
a pressure of 20 kg/sgcm.

This operation corresponds to the hydration of the layer with the format
&rum on the sheet-forming mechine.

As a result the pressed leyer with the netting is transferred to the »late.
Then onto the same plate there is in the same manner transferred a second layer,
ete. until a sheet of the necessary thickness has been formed.

In this form the chariber filter is suitable for the study of the structural
characteristics of the suspension and for the investigation of the mhysicomech~
anicael characteristics of the sheet formed from this suspension.

With the help of the charber filter there was determined the influence of
the adhesion of the cement on the physicomechanical cheracteristics of asbestos-

cement.
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During the experiments for forming the asbestos-cement sheebs there was
emloyed susvension of the same corposition, but at this there was varied
the degree of adhesion of cement as well as the intensity of mixing of the
suepension in the mixer.

It was assumed that the adhesion of the cenent grains was not so strong
as to prevent removal from the surface of the fibers at the corresponding mechan-
ical action.

Actuelly, as found in an earlier investigation (6) with an inereasing nusber
o? rotations of the blade in the laboratory mixer there occurs a considerable
increase in the coefficient of resistance to filtration ol the susvension. This
means that some of the cement grains adnering to the asbestos {iver are washed
ofT its surface at intensified mixing ol the suspension.

Accordingly, variation of the intensity of the susnenslion can

KR

vary only the guantitvy of cement on the fibder at strlict constency of the other
indices characterizing the nroperties of the csbestos and cement.
Tor the purpose of vwholly excluding any influence of the inteusity of misiin
o3 A

con the actual srocess of filtrztion in the moment ol letting down the Jilter

the nwrmber of rotations of the ixer was lovered, and was the soeo In all of the

emeriments.
In Tabple 1 there are »nrescoted the velzes of the coellicient of resistionce
as well as the Gzts cheracterizing the iyrsicomechanicol ronerties of dae

- e PRy

asbestos-cement obtained at the investigation with the chanber filter with one

3+

and the sare corposivion of the asbestos-cerent suspension otut with different
values o the adnesion o the cement to the Jiber. The cormosition of the chersge

ves: 1-5-60 50%; P-G-k5 507, The content of asbestes in the chorge ves 15%.

-

13

he cement was Vosiresensi: Works mer: 400. The residue on screen 4200 was 6.50.

Table 1

Dependence of nhysicouechanical characteristics of asbestos-cement on value of

adhesion of cement To Jiber in ashestos-cenent susvension, Lihesion cvaluzted

Sy e & cem " aem ne
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(1) experiment No.
(2) number of rotations of mixer between filtrations, rovm
(3) number of rotations of mixer in moment of filtration, rmm
(4) Kphi of suspension, (cm/g)l.s
(5) relative thickness of layer, %
(6) tensile strength of sheet, kg/sqen
(7) Bending strength of li-day-old sheet, kg/socm
o

(8) water-gbsorptivity, &

(¢) volumetric weight, grams/cc

1 2 3 %+ 5 6 1.8 _¢o
117k 17k 312 100 2.8 353 29.9 1.k7
2 288 17: 350 95 2.35 320 30.2 1.45
2 310 17k k15 90 2.02 26 29.1 1.15
L 360 17k 545 32 1.70 168 25.7 1.kd

The data of the Teble show thet:
— (a) A suspension waick has been subjected to more intensive mechanical
action has & greater coerficient of resistance to filtretion. This is due to a
decrease in the velue of the adhesion of the cement, because the other w»hysico-
mechanicel characteristics of the suspension remain unchanged. Zaleulation of
the thiciness of the layer on the netting cylinder shows that this mammitude in
this case is decreased 1&: at equality of the other technolozical indices.

Together witih this the mechanical strength of the crude sheet is decrezsed

i

10! In the vractice this means an increase in the nunber of rejects of Zreshly-
forned sheets and a lowering of the nroductivity of the machine.
The Tound denendence between the filtraziion characteristics of the suspension
and the mechenical strength of the sheet is confiymed by the leet, Llong mowm
in the practice, cf a worsering in the cuality of the production zt the erployment
of a poorly-filtering suspension. .
(b} The vaeriation of the degree of adhesion of the cement led to & decrease
in the bending strength o the asvestos-cenent of 507%. In view of the fact %hat

e .- = N - ~
Tnall of thz emmerimeuts, sucn L XOQU QLT =3
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in the strength may be explained by the deen influence of the value of the
edhesion of binder on the structure of the asbestos-cement.

Similar results were obtained in the other series of the same experiments
carried out in the laboratory with different compositions of cement and
different marks of asbestos.

(c) Despite such great variations in the strength of the asbestos-cement
sheet, its volumetric weight remazins practically unchanged (Table 1). This is
explained by the fact that at various values of the adhesion (figure 2) the
index of porosity of the layer remains constent. At the same time the sgueezing
out of the water from the layer at betier adhesion is improved, because there
is increased the size of the pores through vwhich the squeezed-out water flows
out of the layer.

With the adhesion of the binder there is anvarently connected an influence
on the quality of the producbion of the various marks of asbestos employed in
the shingle industry, vwhichk differ from each other not so much in the length
of the fiber as in the ovresence of dust, end of the ability of the cement to
adhere.

®. L. Davydove (7) cormared the strensth of asbestos-cement vrepared with
various nmarks of asvestos employed for the soroduction of shingles. The content
of asbestos corresponded to the Table of mutual substitutability. The asbvestoses
vere of the same desree of clustering. One cormosition of cement was employed.
4t the same time with the hely of filtration analysis there was measured the
index iphi characterizing the value of the adhesion.

Fronm the curve of Figure 3 it can be seen that from the asbestos-cement
suspensions containing asbestos with a greater adhering ability (smaller nphi)

there are Tormed stronger sheets.

Figure 3: Dependence between Kppi of asbestos-cement suspension and relative

strength of asbestos-cement at ermloyment ol asbestoses of various marks. As

s ~

unity there is talen asbestos-cement with asbestos P-5-55. (a) coelTicient of

P ok e P ()

o~ et~ —n
i O RSaeSvIl-Cellelv.
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Identification of marks of asbestos

Zh-6-38 in suspension 12.2%
Zh-6-25 in suspension 13.k4%
P-5-65 in suspension 11.8%
P-5-50 in suspension 12.hd
P-6-45 in suspension 13. 85p
P-6-30 in suspension 1l. 85%
M-5-70 in suspension 13. 55
M-5-60 in suspension 13. 5p
M-6-L40 in suspension 16.15%
10) M>6 30 in suspension 17.30%

\O Q=3 O\ £ N
[ RS2 NI TN NN

The curve convincingly shows that the adhering ability of the binder is an
important gualitetive index of the fibers erwmloyed in the asbestos-cement
industry.

2., Establishment of necessary degree of clustering of asbestos on basis of

measurement of adhesion of binder

The degree of clustering exhibits g great influence on the value of the adhesion
of the cement. Therefore it is irmortant to exemine the results of the investi-
gation of the adhesion in suspensions differing by various degrees of clustering
;; the asbestos.

Por the investigations the suspensions were nrevered under factory conditions
in thereconstructed hollander. The clearance betvween the drum end the cord in
the hollander was 4-5 rmi, s0 that grinding or shortening of the asbestos fibers
at the treatment did npt occur.

The coefficient of resistance to filtration (¥pni) was determined in the
charber filter, in vhose mixer there wes taken the suspension from the tank of
the sheet-forming mechine. The variation in the K@hi of the suspension and in

the physicomechanical indices of the asbestos-cement at various durations of

fluffing of the acbestos in the hollander are represented by the curves of Fig. k.

Figure L: Dependence of ighi of asbestos~-cement suspensions, strength and

volumetric weight of sheets on duration of treatment of asbestos in hollander.
(1) Kpnis (2) strengih: (3) volumetric weight. (a) volumetric weight; (b)
bending strensth, hg/sqen; (c) duresion of fiuffing of asbestos in hollander,

e«
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From figure 4t it cen be seen that:

(1) With increasing duration of fluffing of the asbestos from 2 to 6 minutes
thére occurs an increase in the adhesion of the cement, as indication of the
decreasing Kphj e This fact clearly indicates that the value of Kphi depends not
on the totel surface of the particles of asbestos and cement (because it is
precisely in this veriod that there occurs the most intensive splitting of the
asbestos and its total surface is considerably increased), but on the outer
surface of the aggregated particles of asbestos-cement.

(2) The highest value of the strength of the asbestos-cement is obtained at
the value of the fluffing of the asbestos at which the Kphi of the asbestos-
cement suspension hes its minimel value. A longer duration of fluffing of the
asbestos worsens the technological cheracteristics of the suspension. One of the
reasons for this seems to be & worsening of the adhesion due to increasing
distance between the fibers of one or another cluster to such an extent that the
cement grains no longer contact several fibers simultanecusly. IMultipointed
adhesion becomes irpossible.

The experiments showed that the optirmzl depree of fluffing of the asbestos
is reached at e comparatively snell increase in the surface of its fibers,
which is obtained for 5-7 minutes of fluffing of the asbestos in the reconstructed
hollender.

The results of the experiments show that for the technological evaluation of
the degree of fluffing it is irwortant to tale into account not the total surface
of the asbestos fibers but its active pert. The active surfece of the asbestos
fibers with one and the same degree of fiuffing will be different for particles
having different physicochemical characteristics, different dispersities. Each
substance will corxrespond to its own optimel value of the active surface. There-
fore the best method for determining the ovtimel degree of fluffing will be the
method based on the determination of the degree of adhesion (or adsorvtion) of
the fibers with the perticles of cement (or other binder) which are erployed

in the production together with the investigated fibers.
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One of the nmethods for determining the degree of adhesion of the binder is
filtration analysis. With its help there is established the degree of fluffing
which assures the best adhesion of the binder, which may be regerded as the optimal.
This, according to our experiments, corresponds to the minimal value of the coef-
ficient of resistance to filtration of the investigeted suspension.

The optimal fluffing essures the best quality of the production and the highest
productivity of the machine.

k, Influence of adhesion characteristic of cement on quality of asbestos-cement

In 1952 (8) there was studied the influence of the mineralogicel cormosition
of the cement on the value of its adhesion to the asbestos fiber. For the inves-
tigation there were taken cements of 12 worlks of the Soviet Union. On account
of the various mineralogical cormositions of the cements & erployment of one and
the same asbestos) the Kphi was veried between 170 and 760 (cn/g)l->.

The variation of the Kphi in theselimits varies the thickness of the layer on
the netting cylinder up to 405 at constancy of the other technological conditions.

The connections between the rineralogical composition of the cement, the degree
of its adhesion to the {iber and the vhysicomechanical characteristics of the
asbestos-cement comes out particularly clearly at the investigdion of cements
differing sharply in cormosition. There were investigated cements from clinkers
vroduced by the Podolsh experimental works of the Science-research Institute
for Cement, whose compositions are shown in Table 2, including a syecial cement
with & very high content of C A (21.07%). The cliniters were grouné with an
addition of gyvsum in the laboratory mill to the same gpecific surface. The marik
of the investigated cements is 400.

The values of the EDhi as well as the values of the vhysicomechanical indices
of the asbestos-cement are presented in Teble 2. There was erployel asbestos
of one and the same cormosition: M-5-60 50%, P-6-30 50%. The asbestos in the
nixture was 1h.h%,

From Teble 2 it can be seen thet at the erployment of cements of the same mark

Lt neaxrliy the sane snecilic surfzces but with & fferent mineralozical commosi-
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tions the best strength of the sheet in both the {reshly-foOrmed and the hardened
form can be obtained with a cement giving an asbestos-cement susvnension with &
small Kphi, that is, with e high adhesion characteristic.

The Kphi characterizes only the adhering ability of the cement end cannot be
subst;tuted, so that it has nothing to do with the mark and the velue of the
specific surface of cement, which also influence the physicomechanical characters
of the asbestos-cement. It expresses only a2 supplementery, special requirenent
of the cement, connected with the particularities of the technology of asbestos-
cement, whiclh may be Tormulated as follovws: at the same mark of cement the
asbestos-cenent with the Detter dhysicomechanical characteristics vwill be obbtained
at the erployment of a cemeat of a corposition vhich nossesses tie betber adhering
characteristic and assures the minimel value of the coefficient of res’stznce to
filtration of the asbestos-cenent susrension.

The value of the coefficient of resistence o Jilitroticn dewends () on the

value o the soecific surfzce of the cement. Conseguently, conpariszon ¢l the

~

adhering abilities cl ceuent on the baslis of the iy values is perniissibie only
under the condition of constoncy of their shecilic surfaces.

Zy what is the adhering e2bility of the cenent deteriined, and how it s con-
nected with the Tiltration of the asbestos-cenent susnensiont It hes been
dilTerent corpesitions denends on the de;re%of neptization of the latter. it is
thousht thaet with inecreesing pentizetion there occurs an increese in the guantity
of finely-disnerse Iraction in the suspension, an inerease in the surface o the
solid phase and & worsening of the {iltrability of the stusvension. In =zarilculer
there is explained in this the poor Tiltrability cf asbestos-corent susvensions
with high-aluminate cement, which, as is inown, is strongly pentized.

Hovever, the following investigation showed this view of the role of the
neptization requires refinement.

For this nurpose there vere measured the Iphi velues of asbestos-cerent and

o vericus cenenis. The cement

cement susnensicr
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suspension was filtered, and the Kphi was determined. The Kphi values of the
cerent suspensions are presented in Teble 2.

% is seen that the suspension (cement) of high-esiuminate cement No. 3 filters
very well, considerably better than, for example, the suspensions of cement No, 1
or No. 2.

However, the asbestos-cement susvension with this cement filters wvery noorly,
and its Ypni is 8 times greater than the corresponding valueg for cements Hos.

1 and 2.

Consecuently, vhat is here concerned is not the peptization of the cement
narticles but thelr adhering ability.

It st not be forgotten that in a cement suspension there nreoceeds vesides
peptization also coagulation (10). The process of coagulation in = silute sus-
vension of high-alurinzte cement seens to proceed very vigorously. Cne of the
reasons Ior this nay be veptizetion of the narticles of the aluminate cement
oroceeding the process of coegulation. Thne high coagulation of the varticles may
é;ylain the low Xphi value found for cement No. 3 (compare 3). Therefore in the
water suspensions of such cement we have to do with aggregeted pverticles, whose
circumrlueat surface is smeller than their total surface. Such cement suspensions

filter easily.

Table 2 ’

Denendence of physicomechanicel cheracteristics of asbvestos-cenents on value of
adnesion of cerments ¢f verious minerzlogical corrrositions in asbestos-carent
susnensions

(1) cement Tlo.

(2) mineralogicel corposition

() c38
(b) €28
(c) c3a
(a) cpar
(3) specific surface, sacm/g
{%) 1. of zsvestos-cement susmension, (cm/5)1'5
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(5) Tensile strength of crude sheet, kg/sqen
(6) vending strength after T days of aging, kg/sqcm
(7) water-absorptivity, %
(8) volumetric weight

(9)Kpni of cement suspension, (em/g)Le>

1 2 3 L 5 6 7 8 )
a b c 4

1 56,59 15.79 3.13 22.65 3381 288 2.20 304 36.0 1.3h bbb

2 62.80 12,61 8.16 1L4.59 3265 236 2.25 380 29.2 1.bk7 179

3 48.6L 20.64 21.07 8.14 3291 1755 2.02 19.15 58.0 1.03 51

b ground seNd..cseceeseseseses 3600  U23¥  Liih eeeer cees eees  1320%%

*¥423 is the Kypy of the asbestos-sand suspension
*#¥1320 is the‘Kphi of the sand suspension

If the cement varticles of coagulated structure are extracted from the
suspension by filtration, dried, and the specific surface is measured, there
¢an e found the value of its increase {5) in commarison with the surface before
aggregation, because at the drying the aggregates of the varticles of 2 coaguleted
character disintegrate. Therefore the surface oi the aggregated pvarticles in the
suspension, vhich has an influence on the velocity of filtration, will have nothing
in common with the surface of the particles extracted from the water after they
have been dried.

Until recently some special technological characteristics were attributed
to cement. A few years ago it was believed that at corplete substitution of the
cexent with ground sand a sheet could not be obtained in the sheet-Iforming
machine because the suspension would stratify. However, filtration analysis of
asbestos-sand suspension carried out by us in 1951 showed thet ground sand
adheres strengly to the surface of asbestos fibers, smd asbestos~sand suspensions
are fully technological.

Moreover, cements with a high content of tricalcium of aluminate possesses

a ruch worse adhesion characteristic than ground sand (commare Table 2).
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Further experiments on the production of sheets from asbestos-sand suspension
on the semifactory machine confirmed this conclusion, which served as the techno-
logical basis for the proposal (together with T. M. Berkovinch) to produce shingles
with a lime-sand binder.

More detailed data on the characteristics of asbestos-sand suspension will be
found in the work (11).

In considering the question of the connection between the value of the adhesion
of the binder and the strength of the asbestos-cement there mist be taken into
account the influence of the concentrated disposition of the clinker grains in
the cement paste on the processes of its setting and hardening. V. H. Yung (12)
+hinks that the formation of flocculating aggregates from colloidzl warticles
in the first minute is the most probable 'where the clearance between the indiv-
idual clinker grains is the smallest”.

Further, Prof. V. N. Yung says that in the parts of the mixture where the
surfaces of the clinker grains come close together there occurs é rore concen-
trated accumilation of colloidal particles and et the same time they encounter
4the surrounding medium as well as the finest clinker greins.

The influence of the disposition of the clinker grains on the process of
densification of the cement paste cen serve satisfactorily to explain the found
connection between the degree of adhesion and the strength of the asbestos-~cement.
Surmery

1. 'The value of the adhesion is en irmportant factor determining the quality
of the asbestos-cement.

2. The greatest ability to athere to the cement is possessed by those segments
of the split clusters of asbestos on which the cement particles come in contact
with meny fibers (multipointed contact).

On nonsplit clusters of asbestos, regardless of the diemeter of the fibers,
practicelly no adhesion of cement is observed.

3. At the setting of the cement the most dense and continuous film of the
hydrate new-formetion is obteined on the segment of the asovestos rith She

frester efheslion.
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Lk, variation of only the degree of adhesion of the cement to the asbestos
at constant composition of the rew material and other technological conditions
may lead to a considersble variation in the physicomechanical characteristics
of the asbestos-cement sheet.

5. ‘The fluffing of the asbestos should be carriedout only until a certain
optimal value, which corresponds to the greatest adhesion of the cement to the
asbestos fiber, and is determined according to the minimal wvalue of the Kphi of
the asbestos-cement suspension.

The operating regime of the fluffing apperatus is established with the help
of filtration analysis.

6. The mineralogicel composition of the cement has an influence on the degree
of its adhesion to the asbestos fiber and on the filtration characteristic of
the asbestos-cement suspension. By investigation it was established that this
influence cannot be explained by an increase in the dispersity of the cement
particles in the water suspension as a result of peptization.

7. The concentrated disposition of the clinker grains on the asbestos fiber
as & result of the adhesion has great importance for the production of high-
quality asbestos-cements. Therefore the ability to adhere, which depends on the
physicochemical charscteristics of both the binder and the fibrous cormonent,
must be taken into account as a fundamental cuelitative index in the shingle

industry.
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Footnotes
(&) This the hollander operating without the drum, with gaps of 3-5 r:, at
which grinding and shortening of the fiber at protracted treatment is irmossible.
(b) The method of filtration analysis is known (2), and need not be described

here.

ASARCO ALV 0006970



