Polymer (Korea), Vol. 34, No. 3, pp 247—252, 2010

= = =1 XX al ="EX
MMAZ ZHEIAE EQI3t B2l AIHE DEEI=0| ARUE Y KU
HAUY' - o[y - R
N R
(2010 1€ 7¢ A4, 20109 1€ 259 74, 20104 2€ 39 A=)

Tensile Strength and Tensile Adhesive Strengths of
Polymer-Modified Mortar with Methyl Methacrylate-Based Latexes

Wongil Hyung', Chantae Lee, and Sungmoo Park
School of Architecture, Yeungnam University,

Gyeongsan City, Gyeongbuk 712—749, Korea
(Received January 7, 2010; Revised January 25, 2010, Accepted February 3, 2010)

=5 2 AoMte ARE B3 9 Besh] 98 f7183Eel ZEHE ARE B2E=e) 23151
v AHE Z2Ef2E Azt ol tigt Ay} FAEAS A7 1A} Sl TS Zalw AME B2
B2 YoM dAEe Z2n 259 Qdwe feldol2 ) ZElv AWE F 29| QI el F2EA o
n|2E QRS mekslgi), B AT A3 Zejn AWE REEEE BE AWE FEelE) v Qe A9
FHoj 28] Y= FHEAE veRaL olglom FaEA el QlojME of 4u] o] TR} Vbt

Abstract: This paper investigates the effects of the monomer ratios on the typical properties of polymer—
modified mortars that contain methyl methacrylate—based latexes. Basic data are also obtained to develop
appropriate latexes for cement modifiers. Polymer—modified mortars that contain methyl methacrylate
latexes copolymerized with butyl acrylate or ethyl acrylate are prepared for different polymer—cement
ratios. They are then tested to obtain the tensile and tensile adhesive strengthes of polymer—modified
mortar with methyl methacrylate—based latexes. From the test results, the tensile strength of MB7
polymer—modified mortar was higher than normal cement mortar by a maximum of 94% with a 20%
polymer—cement ratio, which was almost twice higher than normal. The tensile adhesive strength of
the MB polymer—modified mortar was higher for higher MMA monomer contents and polymer—cement
ratios, and increased up to four times than that of normal cement mortar. The basic properties of the
polymer—modified mortars are more affected by the polymer—cement ratio than by the monomer

ratio, and are improved over unmodified mortar.

Keywords: polymer—modified mortar, tensile strength, tensile adhesive strength.

Introduction

Polymer—modified mortar or concrete is effective in impro—
ving tensile strength, flexural strength, tensile adhesive
strength, chemical resistance, and density. It is being re—
searched for diverse applications since it is not only a more
durable and stable structural material but it also supplements
the disadvantages of the existing cement concrete.!

The reinforcement of polymer—modified mortar can be
explained by the formation of a co—matrix phase wherein
the hydration product and the polymer film are unified. The
hydration reaction occurs in the polymer—modified mortar
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after it is mixed, and thus, the polymer film fills the spaces
between its surfaces and in minute cracks, as well as the
spaces between the cement and its aggregates. The polymer
film is improved in terms of durability since spaces are densely
formed in the mortar and because it has a high tensile strength
and a high tensile adhesive strength compared with normal
cement mortar. The tensile strength or tensile adhesive
strength of polymer—modified mortar varies according to the
type of polymer, but it usually increases as the polymer—
cement ratio increases.””*

In this study, MMA (methyl methacrylate) with BA (butyl
acrylate) and MMA with EA (ethyl acrylate) were used as
monomers for polymerization, and polymer—modified mortar
was manufactured with synthesized polymer to measure
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Table 1. Mix Proportion of Polymerization Using MMA/BA and MMA/EA Monomers

Type of Monomer ratio MAA Initiator/Monomer (%) Emulsifier/Monomer (%) Expected
polymer (MMA:BA or EA), by weight (%) KPS NaHCO3 TX100 SDS solid content (%)

MB6 60:40 2.0 0.3 0.4 3.0 3.0 50

MB7 70:30 2.0 0.3 0.4 3.0 3.0 50

MB8 80:20 2.0 0.3 0.4 3.0 3.0 50

MES 50:50 2.0 0.3 0.4 3.0 3.0 50

ME6 60:40 2.0 0.3 0.4 3.0 3.0 50

ME7 70:30 2.0 0.3 0.4 3.0 3.0 50

MAA =Methylacrylate acid. KPS=Potasium persulfate. TX—100=0ctoxynol(made by Aldrich). SDS=Sodium dodecylbezenesulfonate.

Table 2. Properties of Polymer Dispersions for Cement Modifier

Type of polymer Monomer ratio Viscosity Density pH Total solids

(MMA/BA or EA), by weight (20 C,Mp - ) (20 ©) (20 ©) (%)
MB6 60 : 40 2354 1.03 7.0 50.4
MB7 70 : 30 1080 1.03 6.5 49.8
MB8 80 : 20 838 1.03 6.5 50.1
MES 50: 50 2134 1.03 6.5 50.2
ME6 60 : 40 1167 1.03 7.0 57.9
ME7 70: 30 357 1.03 7.0 50.0

its tensile strength and its tensile adhesive strength according
to the monomer mixing ratio and the polymer—cement ratio.
In addition, to determine the effect of the polymer film formed
in the polymer cement mortar, the glass transition tem—
perature and the tensile strength of the polymer film were
measured to find out the correlation between the polymer—
modified mortar and the tensile adhesive strength.

Experimental

Emulsion Polymerization of MMA Latexes. The copolymer
latexes were synthesized by emulsion polymerization using
two monomer combinations of MMA and BA or MMA and EA.
Weight ratios of MMA:BA monomers were selected 60:40,
70:30, and 80:20. Those of MMA:EA monomers were
50:50, 60:40, and 70:30. At first the reactor was charged
with the desired amounts of monomer, emulsifier, de—ionized
and distilled water. A small portion of the de—ionized and
distilled water was put aside for preparing an initiator solution.
Dissolved oxygen was removed by bubbling nitrogen gas
through the reaction mixture. The process of polymerization
began by pouring the initiator solution; which had been de—
oxygenated with nitrogen gas and stored in a dropping funnel,
into the reaction mixture for 12 to 24 hrs. In all experi—
ments, reaction temperature was kept at 80 ‘C. The poly—
merization conditions for MMA—BA and MMA—EA copoly—
mers and the basic properties of synthetic polymer dispersions
for cement modifier are represented in Tables 1 and 2,

respectively.

E2|H, A34¢ #A3%F, 20109

Table 3. Chemical Compositions of Ordinary Portland Cement
(unit: wt%)

SiOZ A1203 CaO MgO 503 KQO Nago F6203

2109 484 6385 332 309 113 0.29 2.39

Table 4. Physical Properties of Ordinary Portland Cement

... Blainess L Compressive strength
Specific . Setting time 5

. specific of mortar (kgf/cm?)
gravity surface Initial set Final set
(20 ©) 3days 7days 28days

(cm¥2)  (min) (h)
3.15 3300 240 7:00 196 228 378

Table S. The Properties of Fine Aggregate

Max. size Unit weight Specific Water Solid volume
(mm) (kg/L)  gravity (20 C) absorption(%) percentage (%)
<1.2 1.5 2.62 0.40 58.1

Materials and Mix Proportions. An ordinary Portland cement
specified in KS L 5201 standard was used in all the mixtures.
Siliceous sand (sizes: 0.25~0.6 mm), as specified in KS L
5100 standard, was prepared as fine aggregate. Table 3 and
Table 4 represent the chemical and physical properties of
ordinary portland cement and Table 5 represents the pro—
perties of fine aggregate. The mortar compositions used in
this investigation were given as follows: a cement-sand ratio
of 1:3 (by weight); and polymer—cement ratios of O, 5, 10,
15, and 20% (calculated on the basis of the total solids of
emulsions). The degrees of flow for the mortars were main—
tained at 170=5 mm by controlling the water —cement ratio.
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Table 6. Mix Proportions of Polymer-Modified Mortars

Type Cememt P/C W/C Air content Flow

of mortar  :Sand (%) (%) (%) (mm)
Unmodified 1:3 0 67 3.6 167
5 53 9.6 173

MB6x* 1:3 10 48 8.4 170
—modified 15 43 7.0 170
20 40 6.0 170

5 55 13.7 167

MB7 1:3 10 52 11.9 166
—modified 15 49 11.5 168
20 46 11.2 166

5 55 11.2 171

MB8 1:3 10 52 8.7 166
—modified 15 50 8.1 166
20 47 7.8 165

5 53 12.6 165

MES5 1:3 10 48 12.2 175
—modified 15 43 11.7 173
20 40 11.1 170

5 52 15.9 170

MEG6 1:3 10 47 14.8 171
—modified 15 43 13.7 178
20 40 12.4 169

5 51 154 180

ME7 1:3 10 48 13.8 168
—modified 15 43 13.5 166
20 42 12.7 168

*MMA : BA=60:40.

An antifoaming agent was added at a proportion of 0.7% in
order to prevent air entrainment. Table 6 represents the com—
positions of copolymer—modified mortars.

Tensile Strength of the Polymer Film. To measure the tensile
strength of the polymer film, a specimen was manufactured
by drying polymer latex in a drying furnace at 40 C for 48
hrs, and tests were performed according to KS F 2241
(Tensile Strength Test Method for Glass—fiber—reinforced
Plastic).

Glass Transition Temperature. The glass transition tempera—
tures (73) of copolymers were measured by differential
scanning calorimetry (DSC).

Tensile Strength of Polymer-modified Mortar. The tensile
strength of the polymer—modified mortar was measured with
a test piece shown in Figure 1, according to KS L 5104
(Tensile Strength Test Method for Cement Mortar).

Tensile Adhesive Strength of Polymer—-modified Mortar. The
tensile adhesive strength of the polymer—modified mortar
was measured after the adherend was attached, as shown
in Figure 2, according to KS F 4716 (Cement Floor Coating
Material). The curing condition for the adhesion test was
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Figure 1. Mortar specimen for the tensile strength test.
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Figure 2. Mortar specimen for the tensile adhesive strength
test.

identical to that for the curing of the polymer—modified mortar.
Results and Discussion

Tensile Strength of the Polymer Film. Figure 3 shows the
tensile strength of the polymer film. The tensile strength de—
creased with the increase of the elongation of the polymer.

Glass Transition Temperature. It is known that the glass
transition temperature has an effect on the strength of polymer
cement mortar. That is, a high glass transition temperature
leads to a high Strength.5

Polymer (Korea), Vol. 34, No. 3, 2010
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Figure 3. Tensile stress of polymer film.
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Figure 4. Glass transition temperature of polymer film.

Figure 4 shows the glass transition temperature of the co—
polymer film. The glass transition temperature was higher
than the room temperature when both the monomer ratio
of MMA:BA was 80:20 and the monomer ratio of MMA:EA
was 70:30. These copolymers showed that a solid—state film
with a low elongation and a high tensile strength was formed
when the latex was dried. It was found that both the elon—
gation and the tensile strength of the polymer film had a
high correlation with the glass transition temperature. That
is, a high glass transition temperature led to a low elongation
and a high tensile strength. The compressive strength of the
copolymer—modified mortar was not significantly improved
due to the soft copolymer film, but an improvement in strength
was expected with the copolymer with a high glass transition
temperature.

Correlation between the Glass Transition Temperature and
the Tensile Strength of the Polymer Fim. The tensile strength
of the polymer film is usually inversely proportional to the
elongation. That is, a high elongation leads to high film ductility,
and a high tensile strength leads to high film rigidity.5 Besides,
a high tensile strength and a high glass transition temperature

E2|H, A34¢ #A3%F, 20109

50p0— HEEET, 5
= Tensile stress ©
40F o
i =
o 3of @
< e
= L K
0 13 9
10F %
I :

0 . 2

MB6 MB7 MB8
Type of polymer
(a)

50p— T, 5
== Tensile stress E
=3
—~ @
e =
< 2]
= o
]
c
K

MES5 ME6 ME7
Type of polymer
(b)
Figure 5. Glass transition temperature versus tensile stress of
polymer film: (a) MMA—BA copolymer—modified mortar; (b)
MMA— EA copolymer—modified mortar.

with respect to the polymer film leads to high film rigidity.
The film formed in the polymer—modified mortar influences
the strength improvement with its own strength.

Figure 5 shows the correlation between the glass transition
temperature and the tensile strength of the polymer film, as
seen in this study. The tensile strength of the polymer film
increased as the glass transition temperature increased,
whereas the elongation was inversely proportional to the
tensile strength. The tensile strength was higher in the MMA —
BA film than in the MMA—EA film. The tensile strength of
the polymer film was higher for higher glass transition tem—
perature. It was especially high for the glass transition tem—
perature that was higher than the normal temperature, wherein
the film was formed in a highly rigid glass phase instead of
in a rubber phase. Also in this study, the tensile strength of
the film was high when the glass transition temperature was
high.

Tensile Strength of Polymer—-modified Mortar. Figure 6 shows
the tensile strength of the copolymer—modified mortar. The
tensile strength increased as the polymer—cement ratio
increased, and the tensile strength of the MMA—BA (MB)
copolymer—modified mortar was highest, as in the cases with
flexural strength and compressive strength. The tensile
strength of the MMA—BA polymer—modified mortar greatly
improved for higher MMA:BA monomer ratios, and also
rose as the polymer—cement ratio increased. The tensile
strengths of MB7 and MB8 copolymer modified mortars were
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Figure 6. Tensile strength of polymer—modified mortar.
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Figure 7. Tensile adhesive strength of polymer—modified mortar.

high. The tensile strength of MB7 polymer—modified mortar
was higher than normal cement mortar by a maximum of
94% with a 20% polymer—cement ratio, which was almost
twice higher than normal. The tensile strength change of the
MMA—-EA (ME) copolymer—modified mortar was similar
to that of the MB polymer—modified mortar.

Tensile Adhesive Strength of the Polymer-modified Mortar.
Figure 7 shows the tensile adhesive strength of the polymer—
modified mortar. The tensile adhesive strength change of
the copolymer—modified mortar was similar to the one shown
in tensile strength of copolymer. The tensile adhesive strength
of the MB polymer—modified mortar was higher for higher
MMA monomer contents and polymer—cement ratios, and
up to four times that of normal cement mortar. The tensile
adhesive strength of the ME polymer—modified mortar was,
as in the case of the MB polymer—modified mortar, higher

P/C(%)
y=0.296x+83.68
y=0.332x+78.86

= 9k y=0.311x+75.39
o
=3
£
()]
c
g o
» y=0.111x+72.61
Q0
‘®
&
2
4 3
6 " L " " L )

0 10 20 30 40 50 60
Glass transition temperature(°C)

Figure 8. Glass transition temperature versus tensile strength.

for higher MMA/EA monomer ratios and polymer—cement
ratios. The ME5 polymer—modified mortar showed signi—
ficantly lower tensile adhesive strength as the polymer—
cement ratio increased over 10%, and no improvement in
tensile adhesive strength could be expected.

Correlation between the Glass Transition Temperature and
the Tensile Strength of the Polymer-modified Mortar. Figure 8
shows the tensile strength of the copolymer—modified mortar
mixed with MMA—based copolymer latex according to the
glass transition temperature. The tensile strength of the
polymer—modified mortar rose as the glass transition tem—
perature increased, and was highest when the polymer—
cement ratio was 20%. The tensile strength of the copoly—
mer—modified mortar was directly correlated with the strength
of the copolymer film, which acted as an adhesive to the
cement mortar.’ Accordingly, the tensile strength of the
polymer cement mortar mixed with the high glass transition
temperature polymer was high at the polymer—cement ratio
of 20%, which was the highest polymer content. If the glass
transition temperature continued to increase, however, the
film formation ratio would have decreased and the tensile
strength would also have significantly decreased.

Conclusions

Both the tensile strength and the adhesion characteristic
of the copolymer—modified mortar, wherein MMA—BA or
MMA—-EA copolymer was used as a modifier, were examined
in this study. The tensile strength of copolymer—modified
mortar was higher for the copolymer with a higher glass
transition temperature; and a higher polymer content led to
a higher tensile strength and better adhesion performance.
The best copolymer—modified mortar has a tensile strength

Polymer (Korea), Vol. 34, No. 3, 2010
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