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POLYMERISATION CONCEPTS IN THE
CHEMISTRY OF CEMENTS

Yu. S. Cherkinskii

1, INTRODUCTION

The chief chemical elements present in cements are
silicon, aluminium, oxygen, and calcium. In the inor-
ganic world, silicon exhibits a remarkable ability to form
polymeric chains®. These include the homochain polymer
formed by elementary silicon, and a large number of
heterochain polymers, of which the silicic acids and their
salts — the silicates — are most widely encountered in
nature and also in practical applications?~8,

Aluminium is a metallic element but the great majority
of its oxygen compounds, e.g. compounds such as corundum
and hydrargillite, are heterochain polymers 2913,

Oxygen in the polymeric chains formed by various ele-
ments acts as a bridge, and only in the peroxides is it
capable of forming a homochain, consisting of two atoms .

Calcium on the other hand behaves as a cation.

Since the chief elements present in cements are capable
of forming inorganic polymer chains, there is every justi-
fication for assuming that polymerisation and depolymeri-
sation processes will also take place in the preparation and
hardening of cement.

The ideas of Le Chitelier, subsequently developed by
many workers, made it possible to understand the basis of
the mechanism of the hardening of inorganic binding agents.
In most work devoted to this question, the substance taken
as standard model was gypsum — a compound which is not
polymeric in character. In some cases, macromolecular
compounds were also used as models. While drawing the
analogy between the mechanisms of the hardening of cement
and joiners' glue or silica gel, however, the supporters of
the colloid theory (Michaelis and Kiihl) saw in these sub-
stances only the high degree of dispersion, the high specific
surface, and the ability to take part in sorption pro-
cesses 1915,

Modern theoretical views on the mechanism of the
hydration hardening of cement are based on the concepts of
physicochemical mechanics, whose basis principles were
developed by Rebinder 16517,

Work by Bernal ', Belov and coworkers 1920, and others
established that the products of the hydration hardening of
Portland cement contain isolated units of calcium hydro-
silicates and compounds containing chains of condensed
silicon-oxygen tetrahedra, i.e. polysiloxane chains. The
periodicity of the manifestation of binding properties,
related to Mendeleev's Table, was established by Zhurav-
lev?! and confirmed by Moshchanskii 22,

In an examination of cement and concrete from the view-
point of the chemistry of macromolecular compounds,
Korshak and Mozgova 2 put forward the idea that “cement
and concrete contain inorganic silicate polymers”., The
suggestion that silicate cements be regarded as three-
-dimensional polymers had been put forward earlier, in
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less explicit form!*, More recently the question of poly-
merisation has been raised with increasing frequency in
papers devoted to inorganic binding agents?23-28,

The basic questions of the chemistry of Portland cement
and alumina cement are considered below from the view-
point of polymerisation reactions.

2. PORTLAND CEMENT

The raw material used for the preparation of Port-
land cement contains, firstly, elements capable of forming
macromolecular compounds with oxygen (chiefly silicon and
aluminium) and, secondly, an element (calcium) whichacts
as a cation.

Silicon and aluminium are introduced into the charge in
the form of natural (clays, loams, or clay shales) or syn-
thetic (e.g. the waste materials from the production of
aluminium from nephelite) macromolecular compounds
whose structure has a definite influence on the preparation
of the clinker%0~33, Calcium is introduced into the charge
in the form of lime or limestone.

Preparation of cement. It is possible to dis-
tinguish the following main stages in the firing of the
charge: (1) drying and preheating; (2) depolymerisation;
(3) ionic solution; (4) cooling. From the viewpoint of
polymerisation theories, the second and third stages are
the most important and the most complex.

The second stage, which gives a monomeric silicon-
oxygen compound by the thermal depolymerisation of the
original polysiloxane (polyaluminosiloxane) in the presence
of oxygen and calcium ions, is a necessary stage in the
preparation of the binding agent, but this stage is still
insufficient for the preparation of a binding agent which
hardens rapidly. The process taking place in the solid
phase 3 at this stage leads to the formation of belite, the
chief component of which is calcium orthosilicate — a
monomeric silicon-oxygen compound 35-38

(¢}

|
Cag | O—Si—O | or 2Ca0.Si0,.

The preparation of the highly active binding agent alite,
whose chief component is again the monomeric silicon-
oxygen compound 3Ca0.Si0O, or 38-42

0
Cag O—-?i-—o CaO
(¢}

takes place in the third stage as a result of a liquid-phase
process. This stage can be defined more precisely as the
ionic solution stage43~%7, This subdivision of the process
of clinker preparation is not contradicted by a large amount
of experimental data48-5¢,

In the preparation of Portland cement, the macromole-
cular component of the charge — clay — is heated to a
high temperature. Clay also forms ceramic tile. In the
preparation of Portland cement, however, the clay is con-
verted not into water-resistant ceramic but into a sub-
stance which exhibits new binding properties.
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What is changed during the high-temperature trans-
formation of the clay and at what stage does the change take
place?

The first stage in the transformation of the original
polyaluminosiloxane (the clay minerals) is evidently of the
same general type in both cases and involves thermal
depolymerisation.

The two processes differ in the subsequent stage, in
which in the first case the products of the degradation of
the polyaluminosiloxane are converted into inorganic
macromolecular compounds of a new type as a result of
thermal polymerisation (polyrecombination) on cooling.
These include a vitreous phase, mullite, and certainother
substances which form the basis of ceramics and porcelain.
Depolymerisation in the case of kaolinite, for example,
begins in the range of the endothermic effect (520-600°),
whereas polyrecombination takes place at 900-1000° and
is responsible for a sharp exothermic effect %539,

In the preparation of cement, the changes in the poly-
mers taking place in a medium of calcium ions (and oxygen)
stops at the depolymerisation stage, and the resulting
monomeric silicon-oxygen groups (and polyaluminooxane
chains) are fixed by the calcium ions, which prevent poly-
merisation in the melt during cooling.

Thus the changes in the silicon-oxygen component of a
Portland cement charge are described by the left-hand side
of the scheme illustrated in Fig. 1.

Clinker. The hydraulic activity of Portland cement
clinker is determined chiefly by the presence of mono-
meric silicon-oxygen compounds taken in the form of the
calcium salts (or strontium or barium salts?!). Increase
in the defect nature of the structure leads to an increase in
the activity of the binding agent 41,60,

Reaction with water. The reaction of cement
with water (with chemistry of the hardening process) is
described by the right-hand side of the scheme (Fig. 1).

In the reaction of clinker (here and subsequently we
shall refer to the silicate component, namely dicalcium
silicate, but it should be noted that the aluminate and
ferrite components also play some part in Portland cement)
with water leads, as a result of the hydrolysis of calcium
orthosilicate, to the formation of orthosilicic acid5t~%s:

Ca3Si0,+4H,0 —2Cat*+40H-+HSIO,, 1)

which is an extremely unstable compound.

original polysilicate thermal depoly= | 1onomeric silicon| polycondensa- synthetic polymeric
(slag, aluminositis merisation axygen compound tion calcium hydrosili-

cate, silica) "] (alite and balite) cate

additional components: lime and water

Fig.1. Polymeric changes undergone by the silicate component
of Portland cement.
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Under the conditions of setting, the orthosilicic acid
formed takes part in reactions of salt formation and poly-
condensation.

a. Salt formation:
>Si ~O~H#4-Cat*4-20H- 2= >sl—o—c¢.* *+OH-4H,0. (2)

This reaction involves the calcium ions which were
liberated as a result of the hydrolysis of calcium ortho-
silicate, and also the “excess of lime” in C,S.%"%. Under
ordinary conditions, however, the hydrolysis is irrever-
sible and reaction (2), when orthosilicate is taken as the
original silicic acid, leads to the formation of acid salts of
the afwillite type . Orthosilicate is formed only under
conditions of extremely hightemperatures and pressures 67768,

b. The polycondensation reaction is represented in
general form by the equation

IOH ?H ?H IOH
HO—Si—Ol—H—HO—Sli- OHZ HO-—ISi——O—Si—OH+H,O , 3)
OH OH OH (IJH

or, in the limit,
nSi (OH), == (Si0y), (OH),, + pH,O, (4)

n - m
— -

Opinions differ regarding the details of the mechanism
of the polycondensation reaction =73 and the probability of
condensation of HgSiO; ions in alkaline medium has also
been noted ",75.

where m — QO and p =

Reactions (2) and (3) take place simultaneously and the
direction of the chemical reactions is decided by com-
petition between these two types (ionic and molecular) of
chemical change.

A vast amount of practical experience and experimental
and theoretical data 7¢ indicate that the tendency of ortho-
silicic acid to undergo polycondensation is so great that
this molecular reaction is one of the chief reactions deter-
mining the chemistry of the aqueous hardening of Portland
cement and, in particular, the behaviour of cement block
kept in water.

The equilibrium for the polycondensation reaction
always tends to be displaced towards the formation of poly-
meric silicates; this takes place at the first opportunity,
and in the limit leads to the formation of silica (8i0,),. In
the presence of calcium ions, however, monomeric calcium
hydrosilicates (acid salts of orthosilicic acid), e.g. afwil-
lite and the alpha-hydrate of C,S, and polymeric hydro-
silicates (salts of di- and poly-silicic acids) are formed.
According to the phase diagram for the CaO-8iO,-H,0
system at normal temperature '8, hydrosilicates with a
molar CaO : S8i0, ratio less than 5:3 are polymeric,
although polymeric calcium silicates (hillebrandite) with
higher CaO : SiO, ratios are also known.

Calcium hydrosilicates. The composition and
structure of individual calcium hydrosilicates in a number
of cases have been established with certainty and in other
cases they have been assumed 277,78,  On the basis of
polymerisation principles, calcium hydrosilicates can be
divided into two main groups: low-molecular and macro-
molecular (or simply polymeric).

Low-molecular calcium hydrosilicates
include compounds with a monomeric or dimeric silicon-
oxygen anion.

a. Compounds containing a monomeric silicon-oxygen
anion include, for example, afwillite Cay[SiO4(OH)].2H,0 "°
and the alpha-hydrate of C,S.% Afwillite and other calcium
hydrosilicates containing an individual silicon—oxygen
group and consisting of a definite combination of Si tetra-
hedra and hydroxide and calcium ions are the first mem-
bers of a polymer homologous series of calcium polyhydro-
siloxanates, whose existence is possible under conditions
where the active degrading action cf the calcium ions is a
maximum.

b. Compounds with a dimeric silicon-oxygen anion
include those of the cuspidine type Ca,[(8i,0,)(OH, F),].80:8!

These hydrosilicates can be regarded as the second
members of the above polymer homologous series. Calcium
hydrosilicate containing a diorthosilicate anion obeys the
crystal-chemical laws covered by the second chapter of
“The Crystal Chemistry of Silicates Containing Large
Cations”. *® It can therefore be regarded as the first mem-
ber in a series of crystallographically and chemically simi-
lar calcium hydrosilicates in which the individual or linked
diorthosilicate units are situated in the electric field of the
calcium ions.

It is possible to assume the existence of the various ¢7
subsequent members of the polymer homologous series of
calcium polyhydrosiloxanates, but it is more important to
turn attention to the macromolecular compounds whose
molecular or, more accurately, ionic weight amounts to
several thousand units.

Macromolecular calcium hydrosilicates
have ordered or disordered structures. Compounds with
ordered structure include xonotlite Cag4(SigO,,)(OH),, 82,83
nekoite Ca,(8ig0,;).2H,0, # and tobermorite Ca y(Si,,0j;,).
.(OH)g.nH,0. 96,85,86

The first type of hydrosilicate has a polymeric silicon-
oxygen anion in the form of linked six-unit rings®?; the
silicon-oxygen chain of hydrosilicates of the nekoite type
consists of alternating eight-membered and double five-
-membered rings®. The chain in tobermorite is made up
of doubled xonotlite chains which fit over one another in the
condensation process to form corrugated layers®°,

Examination of polymeric calcium hydrosilicates shows
that the structure of the silicon-oxygen chain may be com-
paratively simple or extremely complex.

The even greater complexity of the structure of the
silicon—-oxygen polymeric anion produced in the polycon-
densation process or on rearrangement of the ordered
structure makes it impossible to determine the structure
by existing crystallographic and chemical methods. These
calcium hydrosilicates are combined in a subgroup of poly-
mers with disordered structure. They include the gel-like
phase and the X, Y, and Z phases 77578,

Polymeric hydrosilicates and some pro-
perties of concrete. Belov attributes the cementing
properties to polymeric hydrosilicates of the xonotlite
type42:80,  On the other hand, it has been noted?° that the
strength of cements decreases with the formation and in-
crease in the quantity of the low-molecular readily-crys-
tallising afwillite and the alpha-hydrate of C,S.
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The concentration of polymeric calcium hydrosilicates
can be increased artificially; this increases the bending
strength of the concrete but decreases the rate of harden-
ing 8”88, In practice, this is usually achieved by intro-
ducing, with the clinker, substances capable of forming
polymeric hydrosilicates under the conditions of setting.
These substances include silica gel, pozzolana, and diato-
mite, i.e. familiar mineral additives.

The chemical changes undergone by these additives are
also defined by the scheme given in Fig. 1 with the funda-
mental difference that in this case the depolymerisation of
the polysiloxane takes place as a result of the hydrolysis
(hydrolytic depolymerisation) of the ~Si—O-Si- siloxane bond
under the influence of aqueous calcium hydroxide solu-
tion®-%_  The depolymerisation leads to the formation of
orthosilicic acid, which condenses according to the mecha-
nism described above; the excess of the silicon—oxygen
component makes it possible to increase the quantity of
polymeric phase. Similar processes also take place in the
preparation of autoclave silicate concretes™; the activa-
tion of the silicon—oxygen component as a result of the in-
crease in temperature makes it possible to utilise effec-
tively both calcium orthosilicate and metasilicate as well
as silica®™,

The most important property of Portland cement — its
hydraulic resistance — is determined by the ability of the
original clinker materials and their hydrolysis products to
form polymeric compounds — polymeric calcium hydro-
silicates — since of the ionic and covalent bonds present
in the products obtained by hydration hardening, only the
covalent bond is sufficiently resistant to the action of the
polar solvent water. Although in actual fact the quantity
of polymeric silicates (crystalline silicates and the
“amorphous” gel-like phase) in cement block is small, the
thick network of siloxane chains formed when the cement
block comes into contact with water is capable of blocking
to a considerable extent the ionogenic components — lime
and calcium ions; these are chemisorbed by the polymeric
silicate, which prevents them from coming into contact
with water and dissolving.

Methods of increasing the quantity of
polymeric phase. One possible method of increasing
the concentration of polymeric calcium hydrosilicates in
concrete involves the use of active mineral additives.
Autoclave silicate concretes and limestone—pozzolana con-
cretes also contain a high concentration of polymeric
calcium hydrosilicates.

The polymerisation reaction scheme (Fig. 1) may facili-
tate the search for other methods of preparing inorganic
polymeric materials of the silicate—concrete type.

3. ALUMINA CEMENT

Raw material. The raw materials used for the
preparation of alumina cement 38,95:% include, firstly, poly-
meric coordination compounds of aluminium, such as
hydrargillite, boehmite, and diaspore %11,12,97-104_ and,
partly, of iron (haematite), together with a small quantity
of a silicate component which we shall not consider in this
Section. The second component is lime (limestone).

Preparation of cement. After the first pre-

liminary stage involving drying, the second stage of the
preparation of cement at temperatures up to approximately
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500-600° involves the removal of water from hydrated
forms of aluminium, i.e. deolation of hydrargillite (poly-
aluminodiolane) takes place. With further heating in the
presence of Ca? ions and oxygen, thermal depolymerisa-
tion takes place (see scheme in Fig. 2), accompanied by a
change in the coordination number (c.n.) of the aluminium
atoms from 6 to 4 and leading to the formation of calcium
polyaluminooxanate (c.n. Al = 4) containing the chain

—Al—0—Al—O—Al—O—Al—0—,

o b b b
or, which is the same thing: Ca0.Al,0,, CA, or Ca(AlO,),.
The formation of Ca(AlQ,), takes place in the liquid phase
and it is suggested *°% that the melt contains complex ions.
Cooling of the melt is accompanied by thermal polymerisa-
tion of calcium aluminooxanates.

Clinker. The instability of oxygen compounds of
aluminium with c.n. Al = 4 and their tendency to undergo
conversion into stable oxygen compounds with c.n. Al = 6
are the chief factors determining the activity of alumina
cement clinker, in which the chief component is calcium
polyaluminooxanate (c.n. Al = 4).

Reaction with water. The first stage in the re-
action of calcium aluminate (calcium polyaluminooxanate)
with water involves rupture of the 4Al1-O-%Al alumino-
oxane bond as a result of hydration, or more accurately as
a result of the olation reaction specific for coordination
compounds of aluminium (c.n., Al = 4).% During olation,
the aluminooxane bond is first converted into the diol bond

R-AIL gg >Al-R’, after which chain rupture takes place

with the formation of two hydroxyl groups at the ends of the
chain

OH HO
R-AK SAl-R".
NoH HO/

During olation, the coordination number of the alumin-
ium atom increases from 4 to 6 and the calcium ions go
into solution.

monomeric

hexaaquos

aluminate
ion

] [ substitution, addition,

and replacement reac-
tions

natural
heterochain calcium . synthetic
coordinas thermal aluminate— h m';‘o"';"'c heterochain
tion poly depolymeri Ici hydrodepoly- °"|" ydroxo-1 jonic poly- | coordination
of aluminium sation polyalumino.| merisation aluminate condensa- | polymers of
with c.n. (deolation) oxanate (olation) [ on tion aluminium
Mt || Al = )| ] [AlOH)] (c.n. Al =6)
(bauxite)
additional components: lime and water
Fig. 2. Polymeric changes undergone by the aluminate component

of alumina cement.
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At the end of the first stage, further development of the
olation process takes place, leading in the limit to the
complete degradation of the polyaluminooxane (c.n. Al = 4)
with the formation of a monomeric hydrated compound of
aluminium with ¢.n. Al = 6, namely the [AL(OH),[*~ anion.

Main reactions and compounds obtained.
Inorder to picture the possible reactions in whichthe hexa-
hydroxoaluminate ion may take part, we may recall that
according to the modern theory of hydro-complexes %,108,107,
the amphoteric nature of aluminium hydroxide (hydrargil-
lite) is expressed by the equation

(A1 O+ 22 (AL (OH); (H:O) B2 (A1 (1,001

it
n [Al (OH),},
hydrargillite

The hexahydroxoaluminate ions undergo ionic condensa-
tion, probably according to the equation %

3- 4

Ho. OH “ho. OH OH o OH
Ho Q" on no, 9% on Ho O on, Mro
|
N4 Y NN | e
HO 4 oH HO/ ) OH HO/ 5, \OH/ {NHO

The dimeric ion unaergoes further condensation with a
monomeric ion with the formation of a trimer, hexamer,
etc.; the hexamer undergoes ring closure and in the limit
forms aluminium hydroxide — hydrargillite — a planar
polymer with a reticulate structure made up of linked six-
-membered rings.

Both the monomeric and the more complex anions react
with cations, particularly the Ca? ion, to form salts,
some of which are listed in Table 1, which gives complex
compounds of aluminium in which the aluminium atom is
present in a complex anion and in which only the limiting
member of the series — hydrargillite — is neutral.

Hydrargillite exhibits one other characteristic feature.
It is the most stable hydrated compound of aluminium in
the biosphere 09,

It may therefore be stated that in the limit the reaction
of calcium aluminate with water when Ca® ions are defici-
ent, leads to the formation of hydrargillite.

In an examination of the behaviour of the monomeric
[AL{OH),]*- ion, it should be noted that the OH~ groups in
the inner coordination sphere of the aluminium atom may
be replaced by univalent (C1-, F~) or multivalent anions.

An important case in the chemistry of cement is that
where the ligand is orthosilicic acid. In this case, inner-
-sphere substitution taking place under hydrothermal con-
ditions 11° leads to the formation of a separate series of
hydrogarnets and, in the limit, of the garnet grossular
[the fraction indicates the proportion of the (SiO,F~
ligand corresponding to one Al atom in the complex] (see
p. 456).

{Al (OH,)};Ca,=3C20- A1,0,-8H,0 —»
- [(OH)sAl (SI0),/,1sC8y=3Ca0 Aly0,-1/;S10;-5H,0

- [(OH),Al (5109s,,1,Ca;=3Ca0- Aly0,Si0;- 4H,0 —

~» {(OH)gAl (SIO) 1sCag=3Ca0- Aly05-11/,S105-3H,0 —
- [{OH)sAI (S0, 11Ca5=3Ca0- Al405- 2810, -2H,0 —
> [(OH) Al (510}, ]:C35=3C20- A1,0;-2Y/5Si05 - H;0 —
- [A1 (51094 ;C2y=3C20-A1,0,-3510;.

That this process is correct is confirmed by the pre-
paration of the first, third (plazolite), fourth, fifth, and
seventh compounds 11-113; compounds with compositions
close to those of the second !*,115 and sixth !*! compounds
have also been prepared. The second and subsequent
garnets are polymeric: the inner coordination spheres of
the Al atom are joined by (SiO,)*~ groups.

In addition, because of the amphoteric nature of alumi-
nium, formation of the [Al(H,0),]** ion is also possible (see
scheme in Fig. 2).

The behaviour of the [Al(H,0),]** cation, which is capable
of forming salts with anions, differs fundamentally from
that of [Al(OH)g]*~. First of all it should be noted that in
calciuin hydroxide and calcium sulphate solutions coordina-
tion compounds are formed, as a result of inner-sphere
substitution, in which two aquo-groups in the inner-sphere

TABLE 1. Series of aluminodiolanes.
T Anien
ype monomeric dimeric trimeric tetrameric pentameric hexameric polymeric
g:"}:l 6 5 4.67 4.5 4.4 4 3
—
_ﬁ.ﬁ;. 3Ca0-AlO;-6H,0 | 2Ca0-Al04-5H,0 | 5Ca0-3A1,014H;O | 3Ca0-2A1,05-0H,0 | 7C20-5A1,05-22H,0 Ca0-ALOy-6H,0 A1,04-3H,0
Chemical HO on HO OH HO OH mHO OH™ [HO, OH™ - H 'l hydr
structural) N,/ —I noaon nooaZon noarZon o1 on ?l argillite
formala [Cas| HO=AIZOH | < 7N RN /X A (hydrated
Ny H | H ydrate
HO OH Cas) HO\ /OH HO\ /OH HO\ /OH HO\ /OH OH aluminium
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of the central atom are replaced by one molecule of calcium
hydroxide, which occupies two coordination positions:

H 3+
[M(HIOJJ"& (HgO).M;( O\Ca) _‘1‘1"’_.,

H
H 3t " 3+
Ca(OH)e g Ca10H), N
—— | 0081 d | e L .
O
H 2 B 3

The calcium hydroxide molecules present in the inner
coordination sphere of the Al atom in the calcium hydro-
aluminates formed during the hydration of alumina cement
can be characterised as “combined lime”,

When the complex cation is considered from the view-
point of the octahedral model, a number of possibilities
arise. The two calcium hydroxide molecules may be pre-
sent in the complex in either the frans- or cis-positions;
in the latter case, optically active forms are produced.

The complex containing three calcium hydroxide mole-
cules should also exist in the form of mirror isomers or a
racemate.

The [AL(H,0)¢]* cation or its derivatives containing
calcium hydroxide molecules react with anions to give
compounds with [A1(OH),]*-, OH~, Cl-, SOZ-, etc. in the
outer coordination sphere.

Table 2 gives complex cations which contain a central
aluminium atom and can be regarded as derivatives of the
[AL(H,0),}** ion. Thus the water present in the “oxide”
formulae should be regarded as water of constitution, re-
moval of which (particular attention must be paid to the
possibility of hydrate isomerism) leads to breakdown of the
coordination compound.

Calcium hydroaluminates containing much larger quan-
tities of water are also known.

Deval's salt 116

H
(H,O)uM:,(\o/Ca
H 3 2

(50,);=3Ca0-Al,0; 3CaS0,4-30H,0

and hexacalcium hydroaluminate

H
(H,O),,AK”O\Ca (OH),=6Ca0-A1,05 33H,0
0
3

H

are super-complex compounds *'7 in which the coordination
sphere of the Al atom contains 12 “additional” water mole-
cules.

Thus in the products of the hydration hardening of mono-
calcium aluminate it is necessary to distinguish the follow-
ing 218,

1. Products of the incomplete hydration (olation) of

monocalcium aluminate — calcium polyaluminooxanate
with c.n. Al =4,

456

TABLE 2. Most important hydroaluminates containing the Al atom
in a complex cation.
Anion |
Catlon [ALOH)I- (OH)- ca- | (SO

AlOH),

ALOH); | AICl,-12H,0|ALi(S00s-12H;0
(hydrargillite) |(hydrargillite)

[A:(H,O)a“

H 3+
e ’0\
(H20) A1 Ca Ca0:Aly0;-  [2Ca0-AlO;- — 2Ca0- Al,Oy-
9 -8H;0 13H,0 -3H,S0,- 7H;0
r H 3+
v A)\
(Ha0),a1f  SCa 2Ca0-Al,0,¢ |4Ca0-Aly0, - Ca0- AlOy-
0 “THO 11,0 .3CaS0,-BHyO
L H 2 {a-, ‘3-, and
-forms,
trans- and dl-cis-forms yb droe
H 3+ calumite)
AN
Al /Ca 3Ca0.Al,Oy- [6Ca0-Al,0,. [3Ca0:-AlyOq- | 3Ca0- AlyOy
"0 .6H;0 -9H,0 -3CaCl,-6H,0| -3CaS0,-6Hy0
3

dl-cis-forms

2. Coordination compounds of aluminium in which the
aluminium atom (c.n. Al = 6) is present in a complex
anion: (a)aluminolanes — monomeric (cubic 3Ca0.ALO;.
.6H,0), dimeric, and in the limit polymeric (hydrargillite)
coordination compounds of aluminium; (b) inner-sphere
substitution products in which the inner coordination sphere
of the aluminium atom contains the ligands Cl-, (SiO,)*~
— in the latter case the products are garnets and hydro-
garnets (it is necessary to distinguish polymeric forms).

3. Coordination.compounds of aluminium in which the
aluminium is present in a complex cation, surrounded by
H,O and Ca(OH), ligands. This group includes hydrocalu-
mite, calcium hydrochloroaluminate and hydrosulphoalumi-
nate, etc.

4, Products obtained as a result of the deolation of
hydrargillite, e.g. boehmite.

Additives to the cement. Since the polymeric
components of concrete based on alumina cement are poly-
aluminodiolanes, hydrated forms of aluminium are used as
characteristically active hydraulic additives to alumina
cement.

Tervalent iron, like aluminium, is capable of forming
polymeric coordination compounds !!8, so that hydrated and
oxide forms of iron, and also calcium ferrites, have no
harmful action in alumina cement.

SUMMARY

The ability of oxygen compounds of silicon and aluminium
to undergo polymerisation and depolymerisation has a
marked influence on the preparation of cement clinker, the
reaction of the latter with water, and the properties of con-
cretes. Polymeric compounds are present in the products
of hydration hardening and also in the original raw material
and the hydraulic additives. It is these polymeric com-
pounds which determine to a considerable extent the tech-
nological methods for the processing of the raw material
and the properties of cements and concretes. All this
indicates that macromolecular compounds and inorganic
binding agents (cements) are similar in character. The
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main characteristic feature common to these two groups of
substances is the presence of chains formed by covalently
bound atoms.

In view of the important part played by polymeric sub-
stances in cements and concretes, the chemistry of Port-
land cement and alumina cement is an important field of the
chemistry of silicon and aluminium polymers. The chemi-
stry of cements leads to new synthetic procedures in the
chemistry of macromolecular compounds.

Cements have their own characteristic features, shown
only by this type of substance, so that the group of inor-
ganic binding agents includes both cements and gypsum,
magnesia, and lime binding agents.

During the hydration hardening of all inorganic binding
agents, a fundamentally new disperse phase — newforma-
tions — not previously present in the system are formed
from aqueous solution (the water not only acts as a disper-
sion medium but also takes direct part in the chemical
reaction). The part played by the processes leading to the
formation of the crystalline aggregate, in particular cement
block, in the technological processes for the production of
concretes is so great that up to the present the mainatten-
tion has been directed to these processes. The similarity
of these processes for a variety of substances has led to
their classification as inorganic binding agents.

At the same time it is convenient to distinguish inorganic
binding agents according to the possibility of formation and
actual formation of polymeric chains; the latter are
characteristic of Portland cement and alumina cement but
not of gypsum,

Thus in an examination of inorganic binding agents
(cements) it is necessary to take account of the dual nature
of the chemical bonding (ionic and covalent) as a result of
which the atoms joined to one another are capable of form-
ing polymeric chains in these substances, and also of the
chemical and physicochemical processes taking place dur-
ing the preparation and hydration hardening of the binding
agent. This becomes possible if cements are approached
from the viewpoint of polymerisation and crystallisation
theories 28, A one-sided approach to cements will not
reveal the great variety in their properties.
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1. INTRODUCTION

The controlled modification of the properties of cellulose
and its derivatives by the synthesis of graft copolymers
based onthem undoubtedly provides one of the most promising
and effective methods for improving the quality and extend-
ing the range of application of cellulosic materials.

Several cellulosic materials possessing valuable new
properties have already been obtained by the synthesis of
graft copolymers. For example, cellulosic materials
which are completely resistant to the action of microorga-
nisms can be prepared by grafting on various carbon-chain
polymers, and improved stability to light and heat is
achieved by the synthesis of graft copolymers with poly-
acrylonitrile. Non-flammable cellulosic materials can be
obtained by the grafting on of polymers containing phos-
phorus or chlorine; the grafting of water-repellent carbon-
-chain or silicon-containing polymers confers water-
-repellent properties and improved resistance to acids.
The synthesis of graft copolymers of cellulose with a
definite class of synthetic polymers makes it possible to
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