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Bueueno ennue 0oGasxku Memunziopoxcuemuniyeniono3u
Ha mexuiuni ma Qi3uKo-mexaniuni 6JACMUBOCMI UeMeHMHOT
mampuui. Buxopucmosysanu e@ip uenronosu nusvroi (11000-
16000 mIla-c), cepeonvoi (17000-23000 mIla-c) ma eucoxoi
(20000-30000 mIla-c) é’a3xocmi. [lo6asku 6600unucs é yemenm
6 xiavkocmi 0,25, 0,5 i 0,75 mac. %. Bcmanosneno, wo ese-
denns edipy yentonozu 6 yemenm npu3zeo0umv 00 30iNbULEHHS
HOpMALHOT 2ycmomu micma i no006ICEHHS CMPOKIE MYHCas-
aenns po3uunie. Hopmanvna eycmoma yemenmmnozo micma 3po-
cmae npu 66edenni eipie yenronosu nuzvkoi (HB) i cepednvoi
6’azxocmi (CB) na 5,4-16,8 %, a npu eeedenni eipy euco-
xoi 6’asxocmi (BB) na 21,3-41,4 %. Ile niomeepdicye euco-
KY 6000Yympumy6anvHy 30amHiCmo MemunziopoKCuemuiyento-
103U, aKa 3pocmae i3 36iavumennam 6’a3xocmi 0oéasox. Cmpoxu
MYHCABAEHHS YeMEHMH020 MICMA 36IbUMYIOMBCI, 8 3ANEHCHOCMI
610 Konyenmpauii ma 6’a3xocmi dodasox, ¢ 2—4 pasu y nopisg-
Hanni 3 mamepianom 6ez doéasox. Bidoyeaecmovca marxosc 3naune
SHUIICEHHA MIUHOCMI YeMEeHMHOT MAMPUYL 8 PAHHI CMPOKU MEePO-
nenns (1-7 0i6) 6 3anexcnocmi 6io xonuenmpauii 0o6asox 6 2,2—
4,2 pazu. Hatimenwe 3nHuixicye miynicmo 3paskie edip uenrono3u
HU3bKOi 6’a3K0Cmi, HAUbILVUWe — BUCOKOI. FMeHUWeNHs MiYHOC-
mi éiominaemocs i y 6iyi 28 0i6, ane ne maxe 8iduymue. Y nopisg-
Hanni 3 yemenmom 6e3 dobasox, miynicmo cxaadae: 0as edipy
HU3vK0i 8’13K0cmi npu xKonuenmpauisx: 0,25 mac. % — 14,3 %,
0,50 mac. % — 23,9 %, 0,75 mac. % — 40,5 %, 0as epipy cepeo-
Hvoi 6’a3xocmi, eionoesiono, 23,8; 26,2 i 33,3 %, a ona eipy
eucoxoi 6’aszxkocmi 28,6; 45,2 i 61,0 %. Kopo3siiina cmiiixicmo
yemenmnoi mampuyi 3 000a6KaMU MeMUNZiOPOKCUESMUNYENI0I0-
3u nidsumyemovcs npu xonuewmpauii 0o 0,25 mac. %, a nomim
nocmynoso snuncyemocs. Haeedeni pesynvmamu 0o0360ns10mo
pexomenoyeamu GUKOPUCMOBYEAMU NPU GUPOOHUUMET CYXUX
oyodisenvrux cymiwei edipu ueaon03u HU3LKOi ma cepeonvoi
8’azxocmi, wo 3abesnevumv Heo6xioni cmpoxu 3b6epizanns pyx-
JUG0CMi po3uuny ma 00Cmamuio MiyHicmo Kinyeso20 mamepiany

Kmouoei crosa: cyxi 6yodisenvii cymiwi, memunziopoxcuemu-
NUENI0N03a, UeMeHm, HOPMATbHA 2YCMOma, CMPOKU MYNCABTEH-
HA, MiyHICMDb, KOPO3iUHa cmilikicms
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Production of dry construction mixes increases with each
passing year [1, 2]. The growing popularity of these materials
is explained by the series of advantages for construction oper-
ations: increased productivity, reduced number of operations
to prepare the mixes to use, improved quality of work, and
others. The dry construction mixes include multicomponent
mixtures, which necessarily contain in their composition a
binder, a filler, and the modifying additives [3]. Each of these
materials has its function. A binding component enables the
strength of the hardened solution, its integrity, as well as
the adhesion to a work surface. Fillers make it possible to
lower the content of a binder, which reduces the amount of
water and leads to obtaining a denser material. Modifying
supplements provide a solution with the required properties.
Dry construction mixes are the multicomponent materials
and include both inorganic and organic materials. Given the
ambiguous effect of organic additives on the strength charac-

teristics of a cement matrix and its resistance against various
types of aggression, it is a relevant task to study the effects of
cellulose esters on the properties of cement.

2. Literature review and problem statement

It is known [4] that the additives that retain water in
solutions and are used for most dry construction mixes are
water-soluble cellulose esters. These are the cellulose deriv-
atives whose general formula is [C¢H702(OH)3,(OR)],,
where n is the degree of polymerization; x is the number of
OH groups, which are substituted in a single chain of a cellu-
lose macromolecule (degree of substitution, DS); R is meth-
yl, ethyl, propyl, and other radicals. Each link of a cellulose
macromolecule includes in its structure three groups of OH,
which are capable of substitution and, consequently, the for-
mation of the corresponding cellulose esters. The structural
formula of methyl hydroxyethyl cellulose is shown in Fig. 1.
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Fig. 1. A structure of methyl hydroxyethyl cellulose

Paper [5] reports the results that suggest that cellulose
esters slow down the hydration processes and do not allow
water in the solution to be absorbed into the porous surface
of the base and prevent evaporation. This leads to an increase
in the time over which a solution retains its plasticity and the
ability to form an adhesion contact. However, there were un-
resolved issues on the effect of viscosity and the concentra-
tion of additives on the strength parameters of the resulting
material. After all, the parameter that determines the dosage
of an additive (0.1-0.5 % by weight) is viscosity, which is de-
fined in the solution with a concentration of 2.0 % by weight
at 20 °C. The higher the viscosity of cellulose ester, the less
its quantity that must be added to the dry mixture; however,
but there is an issue related to that the large values of viscos-
ity significantly increase the density of solutions, both based
on cement and other binders [6].

The introduction of such additives is explained by the
need to provide the resulting product with the required
properties. However, it is known that organic additives can
both improve the strength of products, mainly due to the
plasticizing effect [7], and degrade it due to the hydrophobic
action [8].

Researchers found that cellulose esters exert a very
significant effect on the properties of solutions. They sig-
nificantly slow down the processes of hydration in the early
periods of hardening due to a significant reduction in physi-
cal water involved in the hydrolysis and hydration of clinker
minerals [9]. The result is the formation of a mixture of large
hydrocolloid particles, which also changes the character of
the hardening progress [10].

This is confirmed by the results from studying the
processes of hydration of such systems by calorimetry [11].
There is a decrease in the amount of hydration heat in the
first 36 hours of hardening.

Such influence of cellulose esters on the hydration pro-
cess of the cement matrix leads to a change in the sequence of
processes that are characteristic of the cement matrix. There
occurs the inhibition of the gel of ettringites, portlandite,
and calcium hydro silicate [12].

The hydration processes are also affected by a molecular
mass of cellulose esters. It was established in [13] that the ef-
fect of the impact is different. The higher the molecular mass
of a cellulose ester, the greater the ability to slow the process.

Paper [14] noted the effects of cellulose esters not only
on the ability to retain water but also on the rheological
properties of the solution. The introduction of cellulose ester

additives in the cement matrix leads to an increase in the
viscosity of a porous solution and reduces the migration rate
of the porous solution ions. This lowers the degree of cement
hydration and inhibits the formation of a CSH gel.

The hydration processes inhibition when introducing
cellulose esters is noted when using other types of cement
as matrices in dry construction mixes. The data from [15]
indicate the slowing down of the hydration process of alumi-
nate cement while the duration of setting increases with an
increasing concentration of the ester.

The above data indicate that the processes of hydration
have been studied in detail while the issues of the influence
of cellulose ether viscosity on the physical and mechanical
characteristics of the cement matrix have not been consid-
ered. This is especially relevant because the production of
dry construction mixes involves the cellulose esters of dif-
ferent grades, which have a wide range of viscosity indices.

In addition, there is an unresolved issue about the impact
of cellulose ester additives on the stability of the cement
matrix under conditions of various aggressive environments.
It is known that the cement stone collapses with time,
especially under conditions of sulfate aggression [16, 17].
Given the influence of cellulose esters on the nature of the
progress of processes of hardening the cement matrix, one
can conclude that the additives would affect the corrosion
resistance of materials. The effect of sulfate ions on cement
resistance is considered in [18]; the mechanisms of sulfate
aggression are given. It was established in [19] that a change
in the component composition of the latter leads to a change
in the destruction mechanisms of the cement matrix. This
process is influenced by the concentration of the corrosive
environment [20].

It is also necessary to consider the data from [21] on that
the introduction of cellulose esters leads to an increase in the
porosity of the resulting product. This effect can increase the
risk of corrosion of the material.

Based on the above, it can be concluded that the use of
cellulose ester additives as the admixtures that retain water
will necessarily lead to changes in the processes of the hard-
ening of dry mixtures based on cement. However, the ques-
tion remains of how the viscosity of cellulose esters affects
the processes of cement matrix formation in dry construc-
tion mixes and the corrosion resistance of resulting products.

All this allows us to assert that it is expedient to study
the effect of cellulose ester density on the strength and cor-
rosion resistance of the cement matrix.




3. The aim and objectives of the study

The aim of this study is to establish the influence of
methyl hydroxyethyl cellulose characteristics on the proper-
ties of the cement matrix, which is included in the composi-
tion of dry construction mixes. This would make it possible
to obtain articles with better indicators of strength and to
extend the term of their operation.

To accomplish the aim, the following tasks have been set:

— to examine the nature of the influence of the viscosity
of cellulose ester additives on the normal density and setting
duration of the cement matrix;

— to investigate the influence of the additives’ viscosity
on the cement matrix strength;

—to determine the corrosion resistance of types of ce-
ment with the cellulose ester additives.

4. Materials and methods to study the properties of
cement with the additives of methyl hydroxyethyl
cellulose of different viscosity

In our study, we determined the following indicators of
the cement with additives: normal density, setting duration,
strength at the age of 2, 7, and 28 days.

The normal density and setting duration were deter-
mined in line with a standard procedure at Vic’s device in a
slurry of normal consistency.

Determining the compressive strength employed a pro-
cedure given in DSTU EN 196-1:2007 (EN 196-1:2005,
IDT). Methods of cement testing. Part 1. Determination of
strength. Given that the values initially grow rapidly, and
then gradually slow down, the test results were processed by
a logarithmic approximation method.

Our study involved the Portland cement PC 400P-N.
The chosen additives were methyl hydroxyethyl cellulose
of varying viscosity: low (11,000-16,000 mPa-s), medium
(17,000-23,000 mPa-s), and high (20,000-30,000 mPa-s).
These components were introduced to dry construction
mixes in the amount of 0.25-0.75 % by weight. The corro-
sion resistance was studied in aggressive solutions of sodium
sulfate (3.0 % by weight), magnesium (0.3 % by weight), and
calcium (0.2 % by weight). The values of the corrosion resis-
tance coefficients of the samples were calculated as the ratio
of the strength of the samples made from the slurry of normal
consistency the size of 20x20x20 mm, which were exposed
to aggressive solutions, to the strength of the samples that
were exposed to tap water. The stability coefficient was de-
termined at the age of 6 months [22]. Cement is considered
corrosion-resistant if the coefficient of corrosion resistance
at the age of 6 months is higher than 0.80.

5. The results of studying the effect of methyl
hydroxyethyl cellulose of varying viscosity on the
properties and corrosion resistance of cement

5. 1. The effect of viscosity of methyl hydroxyethyl
cellulose on the normal density and setting duration of
the cement matrix

It was established that the selected methyl hydroxyethyl
cellulose additives exerted different influences on the normal
density and the setting duration of cement. The obtained results

are given in Table 1 and unequivocally testify that increasing
the content of each type of additive increases normal density.
Table 1

Normal density and setting duration
of cement mixtures with additives

Miscture Additive con- Noymal Setting duration, g-min

tent, % by weight | density, % Start End

i(;;:lél:td 0.00 333 0-54 1-30
Cellulose ester of low viscosity

LVI 0.25 35.1 1-59 3-09

LV II 0.50 37.2 2-20 3-25

LV IIT 0.75 38.9 2-40 4-50

Cellulose ester of medium viscosity

MV I 0.25 35.1 1-57 3-14

MV II 0.50 37.2 2-18 3-48

MV III 0.75 38.9 2-35 4-58
Cellulose ester of high viscosity

HV I 0.25 40.4 1-52 3-12

HV II 0.50 42.8 2-35 4-20

HV 111 0.75 47.1 3-05 5-30

There is a monotonous increase in the setting duration,
both the beginning and end of this process. It should be noted
that asignificant increase in this indicator by 2—4 times) occurs
even at the minor concentrations of cellulose esters (Table 1).

The increase in the normal density and the setting dura-
tion of the cement slurry indicates a significant capability of
methyl hydroxyethyl cellulose to retain water in solutions.
There is a dependence between the viscosity of the additives
and the increase in these indicators: the higher the viscosity,
the greater the normal density and the longer the setting
duration of cement mortars.

5. 2. Effect of the viscosity of methyl hydroxyethyl
cellulose on the strength of the cement matrix

The introduction of cellulose ester additives of varying vis-
cosity leads to a significant reduction in the strength of cement.

Introducing the additives of cellulose ester of low viscos-
ity leads to a significant drop in the strength of the cement
matrix compared with the starting cement in the early period
of hardening (Fig. 2). The magnitudes of approximation (R?)
credibility indicate a sufficiently high degree of conformity
of the trend model with the source data on the additive-free
cement and at the introduction of 0.25 and 0.50 % by weight
of cellulose esters of low viscosity. The conformity is slightly
less at the concentration of an additive of 0.75 % by weight.

Similar results were obtained when introducing to ce-
ment an additive of cellulose ester of medium viscosity.
There is a decrease in the strength of cement stone over the
entire range of concentrations; however, not as significant as
in the previous case (Fig. 3).

The impact of the cellulose ester of high viscosity on
cement strength is slightly different in character (Fig. 4).

Increasing the concentration of an additive is accompa-
nied by its significant reduction. Under the general trend of a
slow gain in strength in the early period of hardening, a low
level at the age of 28 days is observed. Accordingly, increasing
the concentration results in this indicator reaching 29.1, 24.9,
and 16.3 MPa.
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Fig. 2. The lines of a trend in the dependence of cement
strength on the concentration of a cellulose ester additive of
low viscosity
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Fig. 3. The lines of a trend in the dependence of cement
strength on the concentration of a cellulose ester additive of
medium viscosity
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Fig. 4. The lines of a trend in the dependence of cement
strength on the concentration of a cellulose ester additive of
high viscosity

3. 3. The corrosion resistance of cement with the addi-
tives of methyl hydroxyethyl cellulose

Dry construction mixes are used under different condi-
tions, including the conditions of aggressive environments.
Therefore, indexes of corrosion resistance of the cement
matrix are of importance.

Our results indicate, on the example of the methyl hy-
droxyethyl cellulose additive of low viscosity (Fig. 5), that
the increase in the content of the additive in the cement leads
to that the corrosion resistance monotonously reduces. The
exception is a mixture with the additive in the amount of
0.25 % by weight; in this case, the resistance of the samples
even slightly increases.

One should note a sharp drop in the corrosion resistance
of the samples at the content of an additive of 0.75 % by
weight. This mostly happens under conditions of a sodium
sulfate solution.

0.8
0.6
0.4
0.2
0

0 0.25 0.5 0.75

Content of methyl hydroxyethyl cellulose additive, % by weight

Corrosion resistance coefficient

m Sodium sulfate ® Magnesium sulfate = Calcium sulfate

Fig. 5. The effect of the concentration of a methyl

hydroxyethyl cellulose additive of low viscosity on the
corrosion resistance coefficient of the cement matrix

6. Discussion of results of studying the effect of methyl
hydroxyethyl cellulose on the properties of the cement
matrix

The high capacity of methyl hydroxyethyl cellulose to
retain water is confirmed by a significant increase in the
normal density of the cement slurry. It should be noted that
the cellulose ester of high viscosity retains much more water
than those of low and medium viscosity. Thus, the intro-
duction of low and medium viscosity additives increases the
normal density at, respectively, 0.25 % by weight and 0.75 %
by weight, by 5.4-16.8 %, and for the ester of high viscosi-
ty — by, respectively, 21.3-41.4 % (Table 1). This explains a
significant increase in the setting duration. Part of the water
does not react with the clinker minerals, which slows down
the progress of this process.

Such changes in the process of hydration processes can-
not but affect the characteristics of strength.

As regards the influence of the concentration of a cellulose
ester additive on the strength of the cement matrix, it should be
noted that the strength of the starting cement is higher than its
strength with the additives irrespective of the concentration of
the latter. In addition to that the greatest decrease in a strength
indicator occurs in the early periods of hardening (1-7 days)
and is, depending on the concentration of an additive, 2.2—
4.2 times, respectively. At further hardening, the difference in
strength is less significant and, when reaching 28 days of hard-
ening, they gradually become closer (Fig. 2—4).

Comparing the strength of cement with the same con-
tent of additives, it can be concluded that a higher grade
of strength is demonstrated by cement with an additive of
the ester of low viscosity. For example, at concentrations
0.25 % by weight, at the age of 28 days, it is 38.0, 32.0, and
29.5 MPa, respectively. The cement with a cellulose ether of
medium viscosity has the strength parameters that are close
to the previous ones, and the introduction of a high-viscosity
additive reduces this indicator more significantly (Fig. 2—4).

The introduction of methyl hydroxyethyl cellulose to
cement also influences the corrosion resistance of types of
cement (Fig. 5).

The selected aggressive mortars contain sulfate-anions
but, depending on the available cations, the destruction of
the samples is likely to follow different mechanisms.

Given the presence of active ions in mortars, it is likely
that the destruction in the systems sodium sulfate-cement and
calcium sulfate-cement occurs due to the formation of calcium
hydrosulfoaluminate, followed by the occurrence of mechanical
stresses in the stone and, consequently, its gradual destruction.



A slightly more complex process can proceed in the pres-
ence of magnesium sulfate. First, the exchange reactions,
most likely, lead to the formation of magnesium hydroxide,
which has no mechanical strength, and, second, there is a
possibility to form calcium hydrosulfoaluminate.

If we compare the possible reactions, the most aggressive
should be a solution of magnesium sulfate. This happens
on the example of an additive-free cement: its coefficient of
corrosion resistance is the lowest in this very solution (0.73
against 0.87 in a solution of sodium sulfate and 0.78 in a
solution of calcium sulfate) (Fig. 5).

Completely different results are obtained when cellulose
ester is introduced. Thus, the introduction of 0.25 % by weight
improves corrosion resistance in the solutions of magnesium
and calcium sulfates and leaves practically at the same level
in a solution of sodium sulfate. And even when introducing an
additive in the amount of 0.50 % by weight can improve the
coefficient of corrosion resistance in a solution of magnesium
sulfate in comparison with this indicator for the additive-free
cement. A further increase in the content of additives in ce-
ment leads to a sharp drop in this indicator (Fig. 5).

This indicates the need for a cautious introduction of the
additive of methyl hydroxyethyl cellulose to dry construc-
tion mixes based on the cement matrix.

Thus, at the small concentrations of methyl hydroxyethyl
cellulose, there is some improvement in the corrosion resis-
tance of materials, and, at significant, sharp deterioration.
This is due to changes in the character of the clinker hydra-
tion process and the reduction of strength indicators with an
increasing cellulose ester content in the material.

The obtained results prove that the increase in the viscosi-
ty of cellulose ester leads to a greater reduction in the strength
of the cement matrix. When producing dry construction mix-
es, it is advisable to use methyl hydroxyethyl cellulose of low
and medium viscosity. This would make it possible to achieve
the required density of mortars and give them larger strength
and resistance in aggressive environments.

Thus, the obtained results show that the viscosity of
cellulose esters affects not only the ability to retain water
in mortars but also affects the strength of the matrix and its
resistance to corrosion.

There are studies into the influence of cellulose esters
on the processes of hydration [5, 6, 9—14], but the viscosity
factor of cellulose esters has not yet been explored and not
taken into account in the design of mixtures.

Further investigations should be directed towards
studying the effect exerted on the cement matrix by other

components of dry construction mixes (these include, first
of all, the redispersible powders) and the complex influence
exerted by all main components of dry construction mixes on
the physical and mechanical properties of the cement matrix.

Our results could be used in the production of these ma-
terials in order to optimize their compositions and forecast
their stability in various aggressive environments.

6. Conclusions

1. Introducing cellulose ester in cement leads to an in-
crease in the normal density of the slurry and prolongs the
setting duration of mortars. The normal density of mortars
increases with the introduction of the cellulose ester of low
(LV) and medium viscosity (MV), by 5.4-16.8 %; for the
ester of high viscosity (HV), by 21.3-41.4 %, while setting
duration increases by 2—4 times.

2. The viscosity of the additives of ester differently affects
the strength of the cement matrix. Regardless of the viscosity
of the cellulose additives, there is a decrease in the strength
indicator in the early periods of hardening (1-7 days); it
is, depending on the concentration of the additives, 2.2—
4.2 times, respectively. Low-viscosity cellulose ether reduces
the strength of cement stone the least, that of high-viscosity
cellulose — the largest. As the viscosity of the cellulose ether
grows, so does its negative impact on the strength of cement.
Its reduction, compared with an additive-free cement, at the
age of 28 days, is, for the ether of low viscosity, at concentra-
tions: 0.25 % by weight — 14.3 %, 0.50 % by weight — 23.9 %,
0.75 % by weight — 40.5 %; for the ether of medium viscosity,
it is, respectively, 23.8; 26.2; and 33.3 %,; for the ether of high
viscosity, 28.6, 45.2, and 61.0 %.

3. The corrosion resistance of the cement matrix depends
significantly on the concentration of methyl hydroxyethyl
cellulose. At an insignificant amount of the additive (0.25 %
by weight), this indicator is even somewhat improved. Com-
pared to an additive-free cement, which is stored under sim-
ilar aggressive conditions, there is the increased corrosion
resistance of the samples containing the cellulose ether addi-
tives in a solution of magnesium sulfate, by 10.9 %, and in a
solution of calcium sulfate — by 3.8 %. In a solution of sodium
sulfate, the indicators are practically the same. Increasing
the concentration of the additive up to 0.75 % by weight
results in the significant reduction in the resistance of the
samples in the solutions of sodium sulfate, magnesium and
calcium sulfates, by 44.8 %, 2.9 %, and 12.8 %, respectively.
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