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INFLUENCE OF SULFATE ION ENVIRONMENT ON THE CEMENT MATRIX
MODIFIED BY REDISPERSIBLE POLYMERS

Injection of sulfate ions into the cement matrix with water by wet spraying due to high moist in the environment is
the reason of the deterioration acceleration and durability decrease with time. The effects of introduction of redispersible
polymers (RP) and calcium formate on the increasing of the durability and decreasing of the deterioration effect caused by
sulfate ions on the cement matrix were studied. Vinyl-acetate/versatate, vinyl-acrylic copolymer and calcium formate were
mixed into nine separate cement mixtures at a concentration of additives 1 %, 3 % and 5 % respectively. Three different
sulfate ion environment were sprayed through the fog environment at high moist concentration using a salt spray device
“Salt Fog Chamber”. Test results showed that different additive in different sulfate environment has various affects both on
the deceleration of the structure deterioration and the reduction of the strength of cement matrix. Vinyl-acetate/versatate
and calcium formate in concentrations of 1% and 3% have high stability while maintaining strength at the level of
exploitational properties of the matrix. While, vinyl-acrylic copolymer at 5 % has more resistance to strength loss after 168
days of withholding in an aggressive environment compared to 1 % and 3 %. Detailed observation of the structure formation
of the cement matrix at 168 days shows formation that relate both to the hydrated cement minerals and complexes of
organic salts. This formation allowed at the late age of the experiment to decrease the strength loss under intensive impact of
S042- migration through the matrix due to the encapsulating of cement minerals at early ages of hydration in polymer films
with RP and active early formation of Ca(OH): for formate. This allowed the cement matrix to retain its shape for a long
periods, become more stable, reduce the washing out of soluble cement components at early ages, and reduce the content of
active Ca by bonding it into semisoluble compositions that cause the decreasing of the negative effect on cement matrix by
5042~
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KOBAJIEHKO FOPIi1, TOKAPYYK BOJIOAUMUP
HauionansHuii TexHiyHKH yHIBepcuTeT YKpainu «KuiBcbkuil moitexHiyHuit iHCTUTYT imMeHi [ropst CikopchbKoro»
KOBAJIEHKO CBITJIAHA

Incturyt enexrpo3BapioBanns iM. €.0. [Tarona HAH Ykpainu

BIIJINB CYJb®AT-IOHHOI'O CEPEJOBUIIA HA MOJU®IKOBAHY HEMEHTHY MATPUIIIO
PEJUCIIEPTOBAHUMH ITOJIMEPAMU

BsedenHst cynavgpam-ioHie y yemeHmHy mampuyio 3 800010 WAAXOM 60/102020 PO3NUJAEHHS Yepe3 BUCOKY 80/102iCmb
HABKOAUWHBbO20 cepedosulya € NPU4UHOK NPUCKOPEHHs 3HOCYy Ma 3HUXMCEeHHS doszosiuHocmi 3 4acom. flocaidxceHo enaue esedeHHs
peducnepzosaHux nosimepie (PII) i opmiamy kaavyito Ha nidsuujeHHs 008208iYHOCMI Ma 3MeHUleHHsl 8nauey cyabdam-ioHie Ha
yemeHmHy mampuyro. Bininayemam/eepcamam, eiHin-akpusosuii conosimep i opmiam kaavyiro 3miwysanu e deg'ssmb Okpemux
yemeHmMHux cymiwell 3 koHyenmpayiero dobasok 1%, 3% i 5% eidnosioHo. Tpu pi3Hi cepedosuuja cysbhamHux ioHie po3nopoutyeau yepes
mymaHHe cepedosuuje npu 8UCOKIl KOHYeHmpayii eos02u 3a donomMo2010 npucmpor 015 posnuieHHa coai «<Kamepa consnozo mymany».
Pe3yabmamu eunpo6ysaHb nokaszaau, Wo pisHi 006asKu 8 pisHuUx cyab@amHux cepedosuwax no-pisHoMy 8nausaroms sk Ha ynosisbHeHH sl
DPYUHYy8aHHA cmpykmypu, mak [ Ha 3HUdXCeHMs MiyHocmi yemewmHoi mampuyi. Bininayemam/eepcamam i ¢opmiam kKaavyilo 6
KoHyeHmpayisx 1% i 3% maromb s8ucoky cmabinbHicmb npu 36epexceHHi mMiyHocmi HA pieHi ekcnayamayiliHux eaacmugocmeti Mampuyi.
Ipu yvomy eiHin-akpuaosull conoaimep npu 5% mae 6iavuty cmitikicms do empamu miyHocmi nicast 168 OHie BUMPUMKU 8 a2pecusHOMY
cepedosuui nopigHsHo 3 1% i 3%. [lemaabHe cnocmepexceHHs 3a POPMYSBAHHAM CMpPYKmMypu yeMeHmHoi mampuyi yepes 168 dnis nokasye
YymMeopeHHsl, SIKI CmocyombCcs sk 2i0pamoganux MiHepaaie yemeHmy, mak i Komnjekcie opeaHiyHux cosell. Take ymgaopeHHs1 003801U/10 HA
Ni3HbOMY MepMiHi ekcnepuMeHmy 3MeHwWumu empamy miyHocmi nid iHmeHcusHUM 8naugom mizpayii SO#- yepes mampuyio 3a paxyHok
iHKancyasayii yemeHmHux MiHepasie Ha paHHiX mepmiHax 2idpamayii e nosimepHux naiekax 3 PII ma akmueHo20 paHHb020 ymeopeHHs
Ca(OH)z das ¢opmiamy. Lle dosgoausno yemenmuill mampuyi mpusaauil 4ac 36epizamu ¢opmy, cmamu 6iabw cmabiibHOW, 3MEHWUMU
BUMUBAHHS PO3HUHHUX KOMNOHEHMI8 YyeMeHmy Ha PaHHIX MepMIHax, @ makoxc 3Hu3umu emicm akmugHozo Ca WasXoM 36’°s13y8aHHsl 020 8
HAanigpo34UHHI KOMNO3uyii, Wo CNPU1UHSE 3HUNCEHHA HeaamueHuXx enaue S04~ Ha YyeMeHmMHy Mampuyro.

Knatwouosi cnosa: nopmaandyemenm, cyxi 6yodieeavHi cymiwi, peducnepzosaHi nopowku, ¢opmiam kaavyir, Kopo3silHa
cmilikicmb.

Literature review and problem statement
General development of dry building ready mix (DBRM) is based on the basics of main components such
as bounder (cement, lime, gypsum), filler (microsilica or etc.) and additives such as redispersible polymers (RP) or
other organic or inorganic dry powders to achieve the desired properties for project mix. Mainly DBRM are
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presented as stucco, tiles glue, ready concrete mixes, and others. In Ukraine, the development of DBRM has its own
market and high demand amongst consumers.

In the last ten years, DBRM found their application as repairing mixes for reconstruction and repairing
damaged structures due to prolonged exposure under the influence of aggressive environment. Mostly this
environment included sulfate (SO42-) ion that is mostly widespread due to its presence in soils, marine
environment, underground water, products of combustion, etc. Even though sulfates attack the cement paste matrix,
the value of their impact varies depending on the type of cement used in DBRM [1]. Moreover, in this consideration,
pH levels of the environment were also noticed, due to the fact that the lower pH, the more deteriorative damage
would be [2].

The main question of recent studies on the matter of these problems was considered mostly to the impact
on cement mineral itself [3-5]. Moreover, recent examinations of the hydration behavior of cement pastes modified
by RP [6-8] concluded that interactions between the environment and modifiers (RP and formates) are not possible.
Such conclusions are made on the basis that with time, after 28 days of curing, any remains of polymer structures
are decomposed [8, 9]. Yet by Kardon [10], it is stated that polymer formation in an alkaline environment may
interact with cement components resulting in creating organic salts similar in structure to the hydrated cement
minerals at late stages.

In the similar study [11] influence of sulfate ion environment on the cement matrix modified only with
methyl hydroxyethyl cellulose ethers, the question of influence was limited only by the strength coparesment.
Moreover, most studies [7, 11-13] emphasise the influence of RP and formates only on the stated characteristics
such as work (setting) time, viscosity, water retention, adhesion activity and hydration mechanism [14].

Film formation of RP described by Kim [8], shows that injected in to the mix polymers form early structure
that respond to lowering the strength of the cement matrix. Therefore, at early and later ages of curing, samples with
RP gain much lower strength than the control one. Yet for formates such tendency is a bit different [7], the early
curing time of the matrix shows an increase in strength because of the early formation of Ca(OH)2. Structurally,
such difference is described by the process of filling of the voids in the cement matrix by calcium hydrate at the
period of early hidratation. Therefore, developing early strength of samples and compacting the matrix occur.
Including the information from Kardon [10], it can be assumed that every development and reaction that occurred
along the hidratation processes in the cement matrix potentially can play role in the development of mixtures with
improved resistance to the sulfate impact.

In this paper, redispersible powders (RP) of vinyl acetate/versatate, vinyl-acrylic copolymer and calcium
formate were selected as widely spread organic additives in the production of repaired building ready mixes
(RBRM). Sulfate environments with close to real impact were introduced through the “Salt Fog Chamber” (SFC) to
prevent a high negative impact on the truthfulness of the results. Chambers were used to conduct the corrosion
durability test under the action of sulfate spraying in fog environment on both cement and mixes with additives
samples to prevent any deviation while compression strength tests. After compression strength, samples were
observed with the electrical microscope to study changes in structure. The studies were conducted only to examine
the impact of sulfate ion environment on the modified cement matrix with additives. Such a decision was made due
to the lack of studies in this field and to provide a detailed analysis over the chemical reactions that may occur with
components of the matrix with the application of chemical additives of organic derivation. This work will provide
information on the possible solutions in the development of RBRM for environments with high impact of aggressive
ions.

The aim and objectives of the study

The aim of this work is to identify the nature of the action of the three most common in the production of
cement building mixtures of redispersed powders on the corrosion resistance application for DBRM. The data to be
obtained will make it possible to conclude about not only the physical and mechanical nature of the effect on the
cement matrix but also confirm or deny the presence of chemical transformations. The would-be results can be
applied in practice in the production process to create new formulations of building mixtures, as well as in the
production of new concrete compositions.

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

— to investigate the effect of the amount of additive on the control strength at 28 days;

— to investigate the effect of the amount of additive in the mixtures under the influence of sulfate ion
environment on the compressive strength after 168 days;

— to analyze the chemical interaction of additives with cement particles in a cement matrix in the sulfate
medium based on the obtained data and photographs of structure formation.

The study materials and methods

Examined materials and equipment used in experiments

Standardized Portland cement of the PC I S00N brand were used for control samples and mixes. The object
of the study was dry building ready mixes with redispersible additives, such as: copolymers of vinyl
acetate/versatate (Neolith 4400) and vinyl-acrylic (Neolith 6700). Calcium formate (FormateCa) was chosen
because of its widespread use in dry building mixes together with redispersible polymers.

The compressive strength indicators, were determined by methods represented in DSTU EN 196-1: 2007
(EN 196-1: 2005, IDT). The electron microscope (REM 106-1) with XDR was used to acquire the results of the
interaction of additives on the structure formation of the cement matrix.
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Compressive Strength of Cement Mixes.

According to the standards for cement and cement-based ready mix durability testing (EN 196-1 and EN
1015-11), the mixes were cured for 28 days before control measurement of the compressive strength test. For the
test, the size of the samples were accepted accordingly to the method for “Determination of The Impact of
Aggressive Environment” by Kind [14]. Each group of four 20 x 20 x 20 mm specimens were cured in a controlled
environment accordingly for 28 days and later for 168 days, a total of 196 days

Structural analysis of sulfate impact on the modified cement matrix

Samples 2 x 4 mm (size depends on the observing surface of microscope) are previously dried before
taking photos in full vacuum on the REM to ensure the absence of any possible remaining molecular water in
structure. Such presence can be negatively reflected on the structural photograph of the sample by including the
migration of dust particles which are disruptive to the receiving sensors.

Test Results and Discussion

Compressive strength before and after sulfate impact

Table 1 shows the resulting influence of the additives on the grade strength and strength of samples at the
168 days of durability test in aggressive environment. It is shown that plain cement has undeniably high strength
value compared to modified mixes. Yet, the rapid decrease of the final date in the aggressive environment shows
that plain cement is more influenced by the direct impact of sulfate ions rather than project mix. Moreover, it can be
seen that along the 168 days of curing, most of the samples that remained in the water environment gained more
strength. For mixes with calcium formate this increase is true for 3 % and 5 %, while for Neolith 4400 is 3 % and for
Neolith 6700 is 3 % and 5 % of additive respectively.

Table 2
Change in strength (unit: MPa) of samples with and without additives at 28 days before and 168 days after
sulfate impact

Name of mixes 28 days before Control strength in 168 days after sulfate impact
sulfate impact water after 168 days Na,SO4 MgSO4 CaSO4
Plain cement 52 54.5 33.5 32.5 37
FormateCa 1 % 47.5 45 355 39 36.5
FormateCa 3 % 35 46 36.25 32.75 27
FormateCa 5 % 40 43.5 38 33.5 14
Neolith 4400 1 % 45.25 4475 40 34 28.75
Neolith 4400 3 % 40 51.25 37.5 31 39.75
Neolith 4400 5 % 38.75 38.25 35 31.25 31.25
Neolith 6700 1 % 44 33.75 29.75 30 25
Neolith 6700 3 % 38 39.25 27.25 29 27.25
Neolith 6700 5 % 29.5 40.75 34.5 27.5 34.5

Influence of calcium formate on the sulfate durability of cement matrix.

Figure 1 graphically shows changes in the strength of the mixes that have in their compound Calcium
Formate. Rapid strength fall for plain cement is seen at 168 days in all sulfate ion solutions. From Figure 3, the
following can be seen:

(1) Strength of cement mixes modified by Formate Ca with 1 % are higher for both sodium and magnesium
sulfate environments. Strength value of 1 % mix in both sulfate environments is higher compared to
cement. For CaSOj solution, the strength value of 1 % mix is close to plain cement. Such difference
can be explained by the amount of active calcium in the structure of the cement matrix.

(2) In general, with a calcium formate content of up to 1 wt. % loss of strength of the samples makes up
from 6 to 10 MPa and 9 to 12 MPa, respectively, in sodium and magnesium sulfate solution compared
to the initial values. Moreover, comparing the loss of strength with the plain cement, where the loss of
strength is from 17 to 22 MPa in sulfate environments, it can be stated that calcium formate in general
exhibits the character of an anticorrosion additive. This statement is confirmed by low indicators of
loss of strength and for mixtures with an additive content of up to 3 wt. %

(3) Absence of calcium ions in sodium and magnesium sulfate solutions except the ones in the cement mix,
do not quicken the processes of formation of nonsoluble calcium sulfate that are destructive for the
cement matrix. Exceeding the amount of CaSO, of the third solution consisted of, quickens the
formation of non-soluble crystals that are the reason of the decreasing of strength because of the
character of the dissociation of formate.

(3) Free Calcium ions from formate group, calcium hydroxide, and the presence of dissociated sulfate ions
are the reason of the active formation of the calcium sulfate that partially washes out. That is the main
reason why 3 % and 5 % mix of CaSOj solution have lower strength.

(4) Moreover, the strength values for mixes with 1 % - 5 % of additive at sodium and Magnesium Sulfate
environment and 1 % at Calcium Sulfate environment, respectively, indicate that Calcium Formate can
be potentially used as an anticorrosion agent as well as its established antifreeze properties.
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Figure 1: Comparison of the compressive strength of initial samples (28 days), nonimpacted samples (after 168 days), and impacted
(after 168) by sulfate environment samples for FormiateCa mixes.

Figure 2 shows the difference between the structure of nonimpacted (a) at 28 days of curing and impacted
(b) FormateCa 3 % samples in sulfate environment after 168 days:

(1) Figure 2 (a) shows an exceeding amount of C-S-H gel formation among the variety of Ca(OH)
crystallisation structures on the 28-th day of curing. Such amount of formation confirms the reason of
increasing the strength value in non-aggressive environment and at the same time confirms the reason
of strength decreasing in sulfate environment.

(2) Figure 2 (b) shows fully formed CaSOj crystal that are vertically oriented between the presence of vast
formation of newly formed C-S-H gel. This are an indication that most of the previously formed
Ca(OH); were washed out and currently forming spikes of CaSOy4 are now replacing it causing the
decrease in strength.

¥ [

~ %500 100pm

(@) (b)

Figure 2: structure of non-impacted (a) at 28 days of curing and impacted (b) FormateCa 3 % samples in sulfate environment after 168
days

4.3. Influence of Neolith 4400 on the sulfate durability of cement matrix.

Figure 3 graphically shows changes in the strength of the mixes that have in their compound vinyl

acetate/versatate (Neolith 4400) additive. From Figure 3, the following can be seen:

(1) Strength of cement mixes modified by Neolith 4400 with 1 % and 3 % have similar aspects as for
FormateCa mixes for both sodium and magnesium sulfate environments. Exceptions are only for 3 %
and 5 % in magnesium sulfate environment were the strength are a bit lower compared to plain cement.
Strength value of 1 % mix in both sulfate environments is higher compared to cement.

(2) For CaSO; solution, the strength value of 2 % mix a bit higher compared to plain cement. Possible
explanation for such anomalous behaviour of the strength jump for Neolith 4400 3 % mix may be
explained by the hydrophobic behaviour of the versatate component of the additive itself.

(3) In total, the differences between non-impacted and impacted strength values of samples vary between 1-
7 MPa for the initial values of the strength of control samples in water and 6-9 MPa for plain cement in
solution of CaSO4. This may be considered as the positive result to assume the possibility of using
vinyl acetate/versatate as a sulfate retention agent in concentrations of 3 % and 5 % in RBRM.
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Figure 3: Comparison of the compressive strength of initial samples (28 days), nonimpacted samples (after 168 days) and impacted (after

168) by sulfate environment samples for Neolith 4400 mix

Figure 4 shows the difference between the structure of nonimpacted (a) at 28 days of curing and impacted
(b) Neolith 4400 5 % samples in sulfate environment after 168 days:
(1) Figure 4 (a) shows the stable formation of polymer film of Neolith 4400 additive on the surface of the

cement minerals can be observed in the porous part of the cement matrix. Formation of both C-S-H gel
and Ca(OH); can be observed on the edges of the pore structure of the matrix. Such formation on the
28-th day of curing shows that even after standard curing time, the cement matrix maintained its
hydrophobic character applied by the versatate group of additives.

(2) Figure 4 (b) shows fully formed CaSOj4 crystal that are both vertically and horizontally oriented in the

porous part of the cement matrix structure the same as in the structure itself. Amount of such
formations not only presented in the voids of the cement matrix but also spread through all the volume
of sample. Which is indicative of the presented cracks on the surface of samples with high inner
pressure due to the high amount of nonsoluble formation which CaSOj are. This explains the low
strength values for samples that were in CaSQOj4 solution.

Figure 4: structure of nonimpacted (a) at 28 days of curing and impacted (b) Neolith 4400 S % samples in sulfate environment after 168

days

4.4. Influence of Neolith 6700 on the sulfate durability of cement matrix.

Figure 5 graphically shows changes in the strength of the mixes that have in their compound vinyl-acrylic
copolymer (Neolith 6700) additive. From Figure 5, the following can be seen:

(1) Vinyl-acrylic copolymer (Neolith 6700) affects the stability of cement samples similarly compared to

the other two additives (Neolith 4400 and FormateCa). Despite the fact that the overall strength of the
samples at 28 days (after curing) decreases with increased concentration of the additive, Neolith 6700
itself shows significant stability at 5 wt. % of additives in the mixture at 168 days of durability test in
aggressive environments.

(2) It is also worth noting that the samples Neolith 6700 3 % and 5 %, after 28 days in the water

environment continued to gain strength, which generally corresponds to the nature of the water-
retaining agent.

(3) Neolith 6700 has the most stable values in terms of the difference in strength over the entire range of the

studied mix durability under the influence of sulfate ion environments. This is reflected in the
difference in the values of 1-5 MPa with the control values of the tested samples. This difference
indicates that Neolith 6700 has a more pronounced characteristic of hydrophobicity, which is
manifested during the curing of the cement matrix for 28 days. This, in turn, is reflected in the control
values of the strength of the mixture with the additive at 168 days with 3 % and 5 % of additive where
strength increases have had occurred. This indicates the possibility of the use of the additive as an
anticorrosion agent.
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Figure 5: Comparison of the compressive strength of initial samples (28 days), non-impacted samples (after 168 days) and impacted
(after 168) by sulfate environment samples for Neolith 6700 mix

Figure 6 shows the difference between the structure of non-impacted (a) at 28 days of curing and impacted
(b) Neolith 6700 5 % samples in magnesium sulfate environment after 168 days:

(1) Figure 6 (a) shows the formation of polymer film of Neolith 6700 similarly to Neolith 4400; the
additive has high viscosity due to the hydrophilic character of acrylate group. Because of the high
viscosity of the additive structures we have high porous content. Formed films of polymer can be
observed on partially covered formations of both the C-S-H gel and Ca(OH),. Such porous formation
on the 28-th day of curing explains the low strength values of the control samples.

(2) Figure 6 (a) shows the heterogeneous formation of the film that can be observed by the presence of
clump formation over the structure of the cement components. This indicates that such formation of the
structure of cement matrix will potentially cause a negative influence on the strength of the matrix by
causing inner stresses over all matrix structures allowing the creation of a vast amount of nonsoluble
components and intensive washing out of soluble minerals during which are not connected to samples
that were in water for 168 days after curing.

(3) Figure 6 (b) shows the fully formed CaSOj structure in mix with Ca(OH), and Mg(OH),; the high
activity of chemical reaction between Magnesium Sulfate and Calcium Hydroxide explains such
amount of Calcium Sulfate structures in the pores.

(4) Figure 6 (b) shows the complete absence of any kind of remaining organic composition. This shows that
the durability of the modified cement matrix by RP is influenced by chemical-mechanical character due
to the formation of structures that cause the inner stress of the cement matrix. This explains the
negative impact of using RP additives as an anticorrosion agent for cements in the magnesium sulfate
environment.

WD=18.4mm 20.00kV__ x100

WD=18.4mm 20.00kV _ x1.00k
(b)
Figure 6: structure of nonimpacted (a) at 28 days of curing and impacted (b) Neolith 6700 5 % samples in sulfate environment after 168

days

3.5. Chemical explanation of similarity between Neolith 4400 and Neolith 6700.

Both RP additives are copolymers and have similar basic vinyl acetate basis according to the production
passport of RP presented by manufacturer. Thus explains such variability in strength values after sulfate ion impact
on the modified cement matrix with these RPs. In these study, Calcium Formate were used as a comparative agent
because of its antifreeze and potential anticorrosive characteristics that were proposed by Chen et al. [14], the
second of which were confirmed during this study. As for RP Neolith 4400 and 6700 such statement somewhat
inconsistent because of the chemical properties that have a place to occur after the observed structure formation of
the mixes.

Because of Vinyl-Acetate basis present in both 6700 and 4400, during 28-day during test, three chemical
reactions in the alkali environment of the cement matrix occurred. First reaction is presented in Figure 7.

BicHuk Xme/nbHUYbK020 HayioHaabHoz20 yHisepcumemy, Tom 1, Ne2, 2023 (319) 159



Technical sciences ISSN 2307-5732

o) CH,

N

C

¢ Ca0, HOH -
/cn ~ - CH,—C
CH; CH; -(CH;C00),Ca | ol
OH

nl

Figure 7: reaction of transformation of Vinyl-acetate group of copolymer in alkali environment

The formed fragment of polyvinyl alcohol as shown in Figure 7, is in nature good hydrophobic. It has the
form of semitransparent gel as can be seen on Figure § (a) and fragments on Figure 7 (a). Because of this, it injects
himself in a polymer film structure that gives additional hydrophobic characteristics for the matrix and
simultaneously plays the role of water retention agent for Neolith 6700. As for Neolith 4400, this change begins
later because of the big size of the versatate radical group that plays the role of hydrophobic agent. High
compressive strength values are indicative of this.

By that, the reaction presented in Figure 7 may occur later after the process of deterioration of the versatate
group for Neolith 4400. Thus, Neolith 4400 is more suitable for the role of anticorrosive agent. And yet, because of
formation Calcium Acetate ((CH3COO)Ca) that has similar dissociative character as Calcium Formate
((CHCOO),Ca) during the hidratation. Increase in strength of Neolith 6700 samples in water after 168 days for 3 %
and 5 % mixes are indicatives of this statement. Moreover, the acetate radical, due to the nature of chemical bounds
between acetate and alcohols, forms again vinyl acetate component. This reaction continues until the amount of
vinyl acetate would be a bit lower than the acrylic component. After that, for Neolith 6700 comes the next two
parallel reactions presented in Figure 8.

CIl, CH,
: ? i
\cu/ +cn;—c+

nl
nl
C—

J__ /S o0
. )
0/ \oc,uq €20, HOH N
, Ca
0 0C,H, 2
\L./ C4HoOH .
‘ \c—’;“
CH L‘IIJ—L|‘+
L:n:/ \cn:% L
n2

a)l

+cn —U~]—

CH, CH, 2

\ - / | nl
H““—...

C

nl / 0
0
C “
0/ \oc H, Ca
o €40, HOIL -
» 0, o
\L_./
0 [iN - C 0l :
HyC

|
CH /
(,'llg/ \L'H_v +C]I;—C+
- |
n2 n2

b}

Figure 8: reaction of transformation of butyl-acrylic copolymer (a) and butyl-acrylic copolymer with remains of vinyl acetate copolymer
(b) in alkali environment

Figure 8 (a) shows the reaction of the formation of two organic solutions: hard organic-based calcium salt
and butanol alcohol. Figure 8 (b) shows the reaction of formation of two organic solutions: hard organic-based
Calcium-acetate salt, polyvinyl alcohol and butanol alcohol. Possibility of formation of the similar salts described by
Kardon [10]. The amount of butanol is so low that in the sulfates environment with remaining acetate groups
forming the butyl acetate witch is washed by water from opened seams and pores of the cement matrix. Thus, the
formed organic calcium salts collected in the seams and pores were polymer films were presented. Their number and
size are thinner and sometimes smaller than CaSOs, so their impact on the inner tension of cement matrix could be
misinterpreted.
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Conclusions

1. The 28 days compressive strength test shows that the usage of RP lowers the grade strength with the
increasing of the amount of additives, respectively. Calcium Formate has similar effect yet due to the difference in
grade strength results for 3 and 5 %% values are 35 MPa and 40 MPa, respectively, and it decreasing effect is
questionable.

2. Further curing of samples in water environment after 168 days showed an increase in strength values for
3 % and 5 % for each additive, respectively. This indicates that all additive has water retention characteristics

3. Durability test of the impact of sulfate ion environment on the modified cement matrix with additives is
different for each additive.

4. Calcium Formate shows more stable strength values to the impact of sodium and magnesium sulfate
environment which resulted in lover difference between control values and project. Yet, for Calcium Sulfate the
environment values were critically low. Structural analysis and strength results confirmed the possibility of using
Calcium Formate as an anticorrosive agent. All studied concentrations are optimal for sodium and magnesium
sulfate environment.

5. Potential of usage of Neolith 4400 additive is high enough due to the stable values of strength during the
durability test. Moreover, structural analysis showed that polymer film formation occurs mostly on all cement
components. Taking into account that Neolith 4400 has versatate radical in the polymer group, it gives the matrix
hydrophobic properties. Such statement has its confirmation by the results of the durability test under the impact of
sulfate ion environment in all environments.

6. Optimal concentration of Neolith 4400 as a corrosive resistant agent is 3 %

7. Neolith 6700 has the most rapid decrease in grade strength with increasing the amount of additive in
mixture, respectively. After 168 days of prolonged curing in water environment for concentrations 3 and 5 %%
growth of strength occurred.

8. Values of control strength and project strength after durability test show the potential usage of the
additive due to its hydrophobic application because of the formation of polyvinyl alcohol during the chemical
reactions that occur in the curing period.

9. During curing, there is possible formation of an organic salt compounds that similar in form to CaSOa.
Yet the amount of such formation are low and they mostly have minimal effect on the inner pressure strength of
cement matrix.

10. The possibility of using Neolith 6700 spread on each concertation. Yet the mixture with vinyl-acrylic
copolymer must not be used in Magnesium Sulfate environment due to its decreasing strength character with
increasing of the concentration, respectively.

According to the research content of this work, the results can be further used in both manufacturing and
scientific sectors. Yet, to better meet further improvements, next steps must be done:

1. This paper mostly focused on controlled environments and the resulting strength values of the durability
test; in the actual test there is used more field environment (at a site) with the using of coarse fillers such as
dispersed silica or other nonsoluble filler.

2. The influence of marine environment on durability must be also considered in further development and
should be investigated the durability under bending load.
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