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An Evaluation of the Structural Integrity of the Polymer-Modified
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Abstract

Polymer-modified cement is the composite material made by partially replacing and strengthening the
cement hydrate binders of conventional mortar with polymeric modifiers such as polymer latexes and
redispersible polymeric modifiers. It is known that the addition of polymer to cement mortar leads to improved
quality, which would be expected to have a high chemical resistance. Therefore, the purpose of this study is to
identify the improved chemical resistance, such as low permeability and low ion diffusivity, of the polymer-
modified cement as a solidification agent for the radwaste. First, polymer-modified cement specimens by latex
modification were prepared according to the polymer content from 0 % to 30% to select the optimized polymer
content. At those specimens, the water-to-cement (W/C) ratio was maintained to 33% and 50% respectively.
After the much curing time, the structural integrity of specimens was evaluated through the compressive strength
test and the porosity evaluation by the water immersion method. From the results, 10% of the polymer content
at 33% of the W/C ratio was shown to have the most improved quality. Finally, the leaching test referredfrom
ANS 16.1 for the specimens having the most improved quality was conducted. Dedicated specimens for the

leaching test were then mixed with radioisotopes of #Co and 13’Cs at the specimen preparation.
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1. Introduction

The Portland cement is a high performance material at
the solidification matrix of the radwaste such as the
concentrated waste from an evaporation process, because of
the low material cost, the high mechanical strength, and a
well-known process. However, some drawbacks of Portland
cement still exist, due to its low tensile strength, the large
drying shrinkage, and lastof all, its low chemical resistance.

In general, the bitumen matrix is selected as a solidification
agent to make up for the weak points related to the chemical
resistance in the Portland cement matrix. However, its
strength is greatly decreased, because of the flexible
characteristic of the bitumen itself. One of many attempts to
improve the chemical resistance which make the strength of
the Portland cement unchanged is to modify its quality by
polymer additives such as latexes, redispersible polymer
powders, water-soluble polymers, and so on [1-3]. An
addition of the polymer to the Portland cement is known to
have improved durability, low permeability, and low ion
diffusivity.

In this study, the improved chemical resistance of
polymer-modified cement with latex modification was
evaluatedin order to ascertain the possible application as a
solidification agent for the concentrated waste generated
from the radioactive waste treatment facility at KAERI. The
optimized polymer content in the cement pastes was first
investigated through the evaluationof the compressive
strength and the porosity. The structural integrity such as the
leaching, the immersion, and the thermal cycling test was
then evaluated for the polymer-modified cement having

optimized polymer content at the water-to-cement ratio
{(W/C) of 33%.
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I1. Materials and Methods

In order to select the optimized polymer content
for the modification of the ordinary Portland cement
(OPC) paste, the specimens modified by latex were
prepared. And then, those properties related to the
structural integrity were evaluated through the

compressive strength and the porosity test.

1. Specimens preparation

The polymer-modified cement specimens by latex
modification for the selection of the optimized polymer
content in the Portlandcement were prepared according
to the polymer content from 0% to 30%. At those
specimens, the W/C ratio was maintained to 33% and
50% respectively and the diameter-to-length ratio of
about 2 times was also maintained. Table 1 shows the
specimens by the polymer content and Fig. 1 shows the
processed specimens for the compressive strength test

after 3 weeks of curing time.

2. Determination of the Optimized Polymer
Content
@ Compressive strength
In order to evaluate the strength variation of polymer-

Table 1. Specification of polymer-modified cement specimens

*W/C = 0.50 W/IC =033

Index **PIT Index : P/
BTO 0.00 CTO 0.00
BT1 0.14 CT1 0.08

Al 0.17 C12 0.11
BT2 0.20 CT3 0.14
BT3 0.26 CT4 0.17
BT4 0.29 CT5 020

*W/C : water-to-cement ratio,
**P/T : polymer-to-total mixture ratio
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modified cement with the polymer content, the
compressive strength test was conducted for specimens
every a week according the test procedure {4]. The
results are shown in Fig. 2. Although the compressive
strength decreased in proportion to increase of the
polymer content, all specimens with the W/C ratio of
33% and 50% were showed higher values than the waste
acceptance criteria for the rigid matrix. Since the
decreasing tendency of the compressive strength is not
the exponential type but a sigmoidtype, it could be
expected that the strength variation until about 10% of

Fig. 1. Polymer-modified cement specimens for the compressive
strength test
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Fig. 2. Compressive sirength test results for specimens according
to the polymer content every a week of the curing time

the polymer content is negligible as shown in the results
on 33% of the W/C ratio.
@ Porosity

The porosity of hardened cement paste generally
decreased with the polymer addition in atiribution to the
polymer emulsion filling the capillary pores. When total
porosity inside the cement matrix is sufficiently small, it
could be attained to high structural integrity such as high
strength, low permeability, and low ion diffusivity.

First, samples for the porosity evaluation were
prepared by cutting the specimens cured during 4 weeks
into the size of about 1 cm3. The test was then conducted
by water immersion method. The mathematical

expression for water immersion method is as follows;

W o Py
d"Vd "WdXW —W,,, .................................. (1)
Pi
P = =
P (2)

Where, p,; and p,, are the sample density in dry and in
water, p, is the theoretical density by the material
content, W, and W,, are the sample weight in dry and in
water, W, is the saturated weight by water, ¥, is the
sample volume in dry, and P is the porosity.

The results on the porosity evaluation are shown in Fig.
3. The porosity decreased with increase of the polymer
content. A total 10-% decrease of the porosity compared
with the fresh Portland cement without the polymer
addition was shown until about 20% of the polymer
content both 33% and 50% of the W/C ratio. And then,
the plateau which means the range with negligible
difference of the porosity in spite of increasing the polymer
content existed from 5% to 15% of the polymer content.
Therefore, the optimized polymer content was determined
as 8% of the polymer content that was not severe decrease

of the compressive strength as shown in Fig. 2.
111. Results and Discussions

The characterization of the optimized polymer-modified

cement was investigated through procedures for the
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Fig. 3. Porosity of the polymer-modified cement with the difference
of the polymer content.

compressive strength, the thermal cycling [5], the
immersion [6], and the leaching test [7]. The specification
of specimens for four tests was shown in table 2. In the case
of the leaching test, the radioisotopes such as %Co and
1¥7Cs with the radioactivity of about 10 xCi individually
were inserted in the cement paste when mixing the demi-
water with the Portlandcement. Since the volume reduction
of about 20% existed at the cutting stage of specimens into
the demanded sizes of each test procedures, the remained
activity into a leaching specimen was expected to about
8 uCi individually. The manufacturing process of a

leaching specimen was shown in Fig. 4. -

1. Thermal Cycling Test
The thermal cycling test indicates the thermal

Table 2. Specimens on the structural integrity test for the optimized
polymer-cement

Dia.(mm)| Height (mm}| P/T | W/C Nuclide
50.1 101.2
*CS. 50.1 100.5 0.08 | 033 -
50.1 100.1
50.1 100.3
#*+T C 50.2 99.9 008 | 0.33 -
50.1 99.5
50.0 101.1
k| 50.2 1004 0.08 | 033 -
50.1 102.3
— Co-60 {8uCi)
L 814 785 0.08 | 033 Cs-134 (8uCi)
*Compressive strength test  ** Thermal cycling test
*** Immersion test *#%* | eaching test
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resistance of the solidification agent according to the
temperature variation. Depending onthe test procedure,
the temperature variation for one cycle is from -60 °C
to 40 °C and total 30 cycles are conducted. After 30
cycles, the integrity of test specimens was evaluated
through the compressive strength test. Therefore, the
thermal resistance by the polymer addition could be
anticipated at the polymer-modified cement suffered
the temperature variation. The specimens in the test
chamber are shown in Fig. 5. As compared with the
results on the compressive strength test without the

thermal cycling, the difference of the structural integrity

before and after the thermal cycling was less than about
10%.

Source dilution in demi-w

Polymer+Depj.waters Cement Processed specimen

s

Polymegfhodified

Fig. 4. The manufacture process of a leaching specimen.

Fig. 5. The test specimens in the humidity and temperature-
controlled chamber
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2. Immersion Test

The immersion test indicates the water resistance of the
solidification agent. According to the test procedure, the
test specimens are exposurein water for 90 days and then,
the integrity of them are evaluated. Therefore, the water
resistance by the polymer addition could be anticipated at
the polymer-modified cement suffered immersion. In
addition, at total immersion period, the leachate is
sampled by the specified time. The specimens on the
support and the immersion vessel are shown in Fig. 6.

During the total immersion period, cracks and
destruction at specimens were not existed and also, the
difference of the specimen weight before and after
immersion was less than about 7%. As shown in Fig. 7,
although the pH and the electrical conductivity (EC)
increased according to the immersion time, those
degrees were small compared with the OPC. Especially,
the EC for the polymer-modified cement was greatly
reduced as adding the polymer to the OPC. This means
the improved quality for the water resistance of the
polymer-modified cement. After total immersion period
of about 90 days, the result on the compressive strength
test of these specimens were about 400 kgf/cm2, this
value was about the 10-% difference compared with

specimens without the immersion.

3. Leaching Test

As this polymer-modified cement is used as a

Fig. 6. The i
vessel.

sion speci on the support and the immersion
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solidification agent for radwaste generatedfrom the
nuclear facility, a diffusion degree of the nuclide was
evaluated on the assumption that the solidified waste
form was exposed into water according to the reference
from ANS 16.1. During total leaching period of 5 days,
the specimens were immersed into about 2650 mL. of the
leachant which consist of the demineralized water with
7.11 of the pH and 1.54 xS/cm of the EC. The leachates
were then sampled every designated time interval and
the leachant were entirely replaced after sampling.
Sampled leachates into a 500-mL cylindrical bottle were
made the radiological analysis. From the radiological
analyses, the incremental leaching rate and the
leachability index for ©Co and 137Cs were calculated.

As shown in Fig. 8, the leaching rate for the nuclide of
1¥7Cs was higher than that of $Co at both cases. However
the polymer-modified cement showed to relatively lower
value compared with the OPC. In the case of the
polymer-modified cement, after the leaching time of
about 1 day, the value of the leaching rate at ¥Co was
dropped to about 100 times 1! leaching rate, and the
value at ¥Cs was also dropped to about 10 times 1%
leaching time. That means the diffusivity of the nuclide
within the polymer-modified cement media couldbe
greatly decreased after just 1 day of the leaching, when
compared with the OPC. And also, the leachability index
was shown to 11.66 and 7.30 for ®Co and ®¥Cs. The

results on the leaching test for the polymer-modified
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Fig. 7. pH and the electrical conductivity during the cumulative
immersion time of 5 days.
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Fig. 8.-The reaching rate during the cumulative leaching time of
5 days.

cement incorporated with the radioactive indictor
demonstrated the satisfaction to the criteria, which
demands above 6 for the leachability index, related to
the nuclide diffusivity.

IV. Conclusions

The polymer-modified Portland cement by the latex
modification was investigated for possible application as a
solidification agent having the improved water resistance.
The optimized polymer content in the cement pastes was
first investigated through the evaluation of the compressive
strength and the porosity. From this preliminarystudy on
the polymer addition, the optimized polymer content was
determined as 8% of the total mixture of the polymer-
modified cement at the W/C ratio of 33%. The structural
integrity such as the leaching, the immersion, and the
thermal cycling test was then evaluated for the polymer-
modified cement having optimized polymer content at the
W/C ratio of 33%. As a result, the improved qualities of the
polymer-modified cement compared with the OPC could
be obtained at the chemical resistance related to the water

resistance and the ion diffusivity.
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