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Abstract. The present study investigates the effect of blend copolymers on the physico-mechanical properties
of mortar mixes. Blend copolymers were synthesized based on poly vinyl alcohol (PVA) and urea (U) in
aqueous solution with different blend ratios 65/35, 50/50 and 35/65 respectively, using glacial acetic acid as
crosslinking. Physico-mechanical properties of mortar examined included water/cement ratio, setting time,
workability, water absorption and compressive strength. The addition of blend copolymers to the mortar
affected the physico-mechanical properties of mortar mixes. As the content of PVA increases in the blend
copolymers, the water of consistency decrease, whereas the setting times (initial & final) were shortened. The
compressive strength of the hardened cement pastes was increased at all ages of hydration while water

absorption decreased.
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Introduction

A number of researchers have studied the
addition of chemical admixture to building materials
based on polymeric compounds to improve the
physical and mechanical properties of cement pastes,
mortar and concrete [1-10, 30-31]. The main
mechanism of improving properties of cement with
addition of polymers is a thin film formed on the
surface of grains of cement, aggregate, as well as
pores which gave more adhesion [2-6].

Polyvinyl alcohol (PVA) is a water-soluble
polymer and used in the industry as a modifier, as
aggregate surface pre-treatment agent and as
reinforcement in cement-based materials because of
its chemical resistance and physical properties [3, 6].
Generally, PVA is added in the form of aqueous
solution in small amounts (up to 2% based on the
weight of cement during mixing) to improve the
properties of cement mortar and concrete product [3,
8]. Negimetal. [11, 12] investigated the physical and
mechanical properties of mortar containing PVA and
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dodecyl benzene sodium sulfonate as an air
entraining agent. Additionally, PVA and dodecyl
benzene sodium sulfonate were used
to prepare copolymers latex:  styrene/butyl
methacrylate, styrene/methyl methacrylate,
styrene/glycidyl methacrylate and styrene/ butyl
acrylate. The results showed that PVA improved
workability of mortar mixed as well as copolymer latex.
Copolymer latexes based on 2-hydroxy ethyl acrylate
and 2-hydroxy ethyl methacrylate. Different molar ratio
of 2-hydroxy ethyl acrylate and 2-hydroxy ethyl
methacrylate was designed to investigate the effect of
latexes on the physico-mechanical properties of mortar.
The copolymer latexes reduce water of consistency of
mortar and increased workability [13]. The effect of
concentration of styrene/butyl acrylate latexes
on properties of mortars was investigated [14]. If the
concentration of polymer is more than 5%, there is no
significant influence on the properties of mortar mixes.

Negim et al. [15] prepared blend polymers based
on polyvinyl alcohol (PVA) and urea (U) in different
ratios, using glacial acid as catalysis. The addition of
blend polymers to cement pastes improved the
properties of cement pastes [16]. The work was
extended to include the application of blend polymers
to study physical and mechanical properties of
mortar.

Experimental part

Materials: Polyvinyl alcohol (PVA) of
molecular weight 14 x 10° g/mol purchased from
Merck (Germany). Urea (U) and glacial acetic as
catalysis purchased from Aldrich. The raw materials
used in the present study are Portland cement clinker
(PCC) and raw gypsum (G). Each of those raw
materials was separately ground in a steel ball mill
until the surface area of respectively was 3650 and
2800 cm?/g. The mineralogical composition of the
PCC sample is CsS, 58.79 %; B- C.S, 17.68 %; CsA,
8.08 %; C4AF, 9.72 %. The Portland Cement (PC)
was prepared by mixing 96 % PCC and 4 % G (by
weight) in a porcelain ball mill for one hour using 3
balls to ensure complete homogeneity of the cement.
The Blaine surface area of the cement sample was
3350 cm?/g [17].

The fine aggregate was sand with particle size
ranging from 0.21mm to 0.53 mm and is free from
organic or clay-like materials.

Synthesis and characterization of
copolymers: Copolymer blend based on polyvinyl
alcohol (PVA) with urea (U), were synthesized with
composition ratios 65: 35 (M1), 50: 50 (M2) and 35:
65 (M3) glacial acetic acid as catalysis. The
preparation of copolymers and the methods of
analysis (*H NMR, rheological and morphological
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techniques) have been previously described in a
previous investigation [15].

Mixing and testing: Mortar specimens of size
70 mm cube were prepared in three groups. The
control mix (MO0) consists of Portland cement (PC),
sand and water. The proportion of cement to sand was
1:3 (by weight) (MO0). In mixes M1-M3, prepared
copolymers blends were added. The addition rate was
2% by weight of cement. The cement to sand ratio
was kept constant. However, the water to cement
ratio was changed so that the same consistency was
achieved.

The cement and sand were intermixed until
homogenity was achieved. Then the surfactants or
prepared latexes were added to the mixing water.
This was then added gradually to cement/sand
mixture in order to determine the water of
consistency and setting time using Vicat apparatus
[18, 19].

The resulting mortar was directly placed into 70
mm cube stainless steel moulds. The moulds were
manually agitated for 2 minutes and then on a
vibrator for another 2 minutes. The moulds were kept
in a humidity chamber at 100 % R. H and a constant
room temperature overnight, then demoulded and
cured under water till the time of testing. Testing
included compressive strength, water absorption and
combined water and was conducted at 1 day, 3, 7 and

28 days.

The determination of water absorption as per the
specifications of BS 1881: Part 122 [20],
compressive  strength, water absorption and

combined water were described in a previous
investigation by the authors [21].

Results and Discussion

Structure of Copolymers: The structure of the
copolymers blend P(PVA-b-U) is shown in Scheme
1 and further details about the synthesis and
characterization have been previously reported by the
authors [15].

NH,

Scheme 1 Structure of P(PVA-b-U).

Water/ cement ratio (W/C): The results of water
consistency of mortar mixes are graphically
illustrated in Figure 1. The water—to—cement ratio is
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one of the most important items in all tests because
special failures associated with the cement structures
are essentially due to either too much or too low
water that is added during mixing [22]. The W/C ratio
for mortar mix without polymer was 0.525. The
premixed grafting polymer with mortar mixes
decreases W/C ratio from 0.525 to 0.49 (M1).
However, increasing the PVA content in the blend
copolymer decreases the W/C ratio of the mortar
mixes.
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Figure 1 The effect of blend copolymer on W/C ratio of
mortar.

Setting time: The setting time (initial and final)
of mortar premixed with blend copolymers are given
in Figure 2. The setting time of mortar extends with
the addition of blend copolymers to mortar. From
Figure 2, it is clear that, as the content of PVA in the
blend copolymers increases, setting times decreased.
This is fundamentally because of the water losing by
evaporation from the external surfaces of the samples
mixed with the blend copolymer is generally not as
much as that of the control mortar mix [23].
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Figure 2 The effect of blend copolymer on setting time
of mortar.

Workability: The results of the mortar
workability tests are shown graphically in Figure 3.
The outcomes demonstrate that the workability of
mortar without polymer (MO0) is 128 mm; but there
was an expansion in workability estimation with the
addition of blend copolymer. This expansion in
workability was attributed to the blend copolymer

being a surface-active agent. Figure 3 shows sharp
increase in flow of mortar with increasing the content
of PVA in the blend copolymer. Mortar mixed with
65% PVA gave the highest flow with 190.4 mm
while mortar mixed with 35% PVA gave the lowest
flow with 158.7 mm. Increasing of the mortar
workability is principally determined as far as
enhanced consistency because of both the ‘ball
bearing' activity and the dispersing impact of
polymer [24].
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Figure 3 The effect of blend copolymer on workability
of mortar.

Water absorption: For the most part, the
contact of cement in mortar with water, cement
retains water in view of its permeable microstructure.
The lower the water absorption, the lower the porous
pore volume [25].

The effect of blend copolymer with different
content of PVA on water absorption of mortar is
demonstrated graphically in Figure 4. It is clear that
the water absorption of the mortar mixed with blend
copolymer decreased with the increasing of PVA
content in the blend copolymer. This is ascribed to
the hydration procedure occurring. Different
investigations additionally demonstrated that the
polymer fills the voids in the cement grid [26, 27].
Polymer-modified mortars are therefore expected to
be more resistant towards penetrating aggressive
environments than control mix.
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Figure 4 The effect of blend copolymer on water
absorption of mortar.
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Figure 5 The effect of blend copolymer on compressive
strength of mortar.

Compressive strength: Compressive strength
of mortar increased with addition blend copolymer to
mortar mixes as shown in Figure 5. As appeared from
Figure 5, the compressive strength of mortar
premixed with blend copolymer (M1, 65% PVA) is
higher than that of mortar mixed with blend
copolymer (M2, 50% PVA) and (M3, 35% PVA) at
all curing periods. This is chiefly because of the
adhesive activity due to polymerization or
crystallization of the polymeric materials the excess
of polymers deposits and polymerizes inside the pore
arrangement of the solidified mortar cubes. The
development of crystalline structure goes about as
nuclei for different components. This may keep on
enlarging precious crystals and solid arms-bearing
high strength [28]. The consequences of compressive
strength of mortar blended with united. This tends to
enhance and upgrade the mechanical properties of the
mortar cubes. Moreover, the higher level of
polymerization and the higher powers between the
particles of cement and those of the polymeric

materials are the fundamental elements in charge of
the generally higher compressive strength [29].

Conclusions

Based on the results of the conducted studies,
it is possible to conclude the following:

»The addition of blend copolymers (M1; 65%
PVA & M2; 50% PVA) to the mortar mixes improves
most of the specific characteristics of the mortar;

»The addition of blend copolymer to mortar
decreases water/ cement-ratio decreases, i.e. the
blend copolymer acts as a water reducing agent when
mixed with the mortar;

»Setting time of mortars increased with
increasing the content of PVA in the blend
copolymers.

»The flow table results showed that the blend
copolymer enhances workability of mortars specially
with 65% PVA.

»>Water absorption of the mortar premixed
with the blend copolymers (65% & 50% PVA)
decreased while with blend copolymer 35% PVA
increased.

»Compressive strength of mortar increased
sharply compared with those of the reference mortar.

» As the ratio of PVA in the blend copolymer
increased, the properties of the mortar also improved.
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ApaJiac conojMMepJiepaiH HeMeHTTi epiTiHAiHiH pU3uKa-MeXaHUKAJBIK KacueTTepine acepi
JI. Bek0aeBa, Juabcaiin Herum, I'. Eauroaesa, E. 'anxuan

Tyilingeme. Byn 3eprreyae apanac cOmoauMMepiepaiH KYphUIBIC epiTiHAICIHIH KOCTIATaphIHBIH (H3NKO-MEXaHUKAJIBIK
KacHeTTepiHe ocepi KapacTeIpbuIbl. Apanac comonmmepiep 65/35, 50/50 sxome 35/65 xocmamapeiHAa OpTYpdi
KaTbiHacTarbl monuBuHW crmpTidie ([IBC) sxone moueBmHaubiH (M) cymarsl epitiHmici HerisiHme, My3mbl Cipke
KBIIIKBUTBIH TIKKIII KOCBUIBIC PETiH/IE TaiianaHa OThIPBINT CHHTE3CI . 3epTTEIeTiH epiTiHAIHIH (PU3HKa-MeXaHUKAIBIK
KacHeTTepiHe JKaTaThIH: CY / IEMEHT KaThIHACHI, KATAI0 YaKbIThl, KO3FAJFBIIITBIFbI, CY/bl YCTaFbIIITHIFbI XKOHE KbICYyFa
OepikTik Kymi OenrineHnai. Apanac comoauMepiep i KyphlIbIC epiTiHAiciHe KOCY, epiTIHAIHIH KOCTIalapbIHBIH (PH3HKO-
MEXaHMKAJBIK KacheTTepiHe acep erTi. Apanac comosmmMepiepaeri [IBC KypaMblHBIH apTybl caliiapblHAH CyJIbIH
KYpPaMJIbUIBIFBl A3aiblll, KaTalo YakbIThl (0acTamkbl >KoHE COHFBI) KbIcKapnbl. KaraiifaH IEeMEHT macTajapbiHBIH Cy
CIHIpTIIITITi TOMEHAeN, OEPIKTIri ChIFbUTY KYIIiHIH OapIIbIK THIpATALMSICEIHBIH YJIFAlOBIMEH Oipre ocTi.

Tyiiin ce3nep: Kypouibic epitinmici, [IBC, MoueBHHA, IEMEHT, CHIFBULY KYIIi, KO3FAJFBIIITHIFHI.
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Bausinue cMmeceBbIX COMOJMMEPOB HA (PU3UKO-MeXaHUYECKHe CBOMCTBA IEMEHTHOI0
pacTBoOpa

JI. bekbaeBa, dabcaiin Herum, I'. Eninroaesa, E. Nan:xuan

AHHoOTanusl. B HacTosImEM HCCIe0BaHNH UCCIEAYESTCS BIMSHUE CMEIIAHHbBIX COMOIMMEPOB Ha (DPU3UKO-MEXaHUUECKHE
CBOHCTBA CTPOMTENBHBIX PACTBOPHBIX cMeceld. CMeIIaHHBIE CONOJUMEPH OBUIM CHHTE3MPOBAHBI Ha OCHOBE
nosuBuHuiIoBoro cnupra (IIBC) u moueBunsr (M) B BOZHOM pacTBOpe C pa3IMuHBIMH COOTHOLICHUSIMHU cMecer 65/35,
50/50 m 35/65 COOTBETCTBEHHO, C WCIIOJIb30BAHHMEM JICISTHOM YKCYCHOHW KHCJIOTHI B KauecTBe cimBku. Dusmko-
MEXaHWYECKHE CBOMCTBa HMCCIIEAYEMOrO pPacTBOpa BKIIOYAIM COOTHOILICHWE BOJAa / LIEMEHT, BPEMsI CXBAaTBHIBAHMS,
MOJIBMYKHOCTB, BOJIO-TIOTJIOIIEHHE M IIPOYHOCTh Ha ckaTue. J[o0aBiaeHre CMEUIaHHBIX CONOJIMMEPOB B CTPOUTEIBHBIN
pacTBOp BIMSUIO HAa (PU3MKO-MEXaHMYECKUE CBOMCTBA pacTBOpHBIX cMecel. ITo mepe yBenmmuenus conepkanus [IBC B
CMELIaHHBIX COIOJUMEPaX KOHCUCTEHIIMHM BOJbI CHIDKAJIACh, TOT/Ia KaK BPEMs CXBaThIBaHUS (HaYaJbHOE M KOHEYHOE)
cokpamanoch. [IpodHOCTE IpH CKaTHM 3aTBEPICBINMX IEMEHTHBIX MAcT YBEIMUYMBAIACh IPH BCEX BO3PACTAHUH
THApaTalyH, TOr1a KaK BOJO-TIOTIO0IMAEMOCTh YMEHBIIAIOCH.

KaioueBnlie ciioBa: crpoutensHbli pactBop, [IBC, MoueBHHa, IEMEHT, IPOYHOCTH Ha CXKATHE, TTOIBIKHOCTb.
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