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Abstract

Cement-based materials are brittle and low in flexural strength, which can be greatly improved by adding organic monomers to cement-
based matrixes due to the polymerization effect of added the organics. The solution polymerization behaviors of organic monomer in cement
paste and its effect on cement properties have been studied in this paper. The results show that the organic monomers used in the experiment
can well polymerize themselves in cement pastes by solution polymerization effect under common conditions. As results, the cement
composites have a flexural strength between 17.8 and 33.4 MPa, greatly dependent on the amount of organic monomers added and is stable
when it is immersed in water, acid, alkali and salt solutions. Besides, the setting time of the composites can be controlled and regulated.
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1. Introduction

There are three types of cohesive bonds in cement
hydrates. The ionic bond is much stronger than the van
der Waal and the H bond [1], but its fraction is small, so the
flexural strength and the tensile strength of hardened cement
is low. Polymer modification is a method for decreasing the
brittleness of cement [2—5], but there has been no big
breakthrough in polymer-modified cement for a long time.
Under dry condition, MDF cements can attain 70—150 MPa
in flexural strength [3,4], however, it will have a big
strength loss when it comes in contact with water. For this
reason and the complexity in its production, there have been
no commercially available MDF cement products in the
world up to now [5]. Recently, a new class of MDF cement
with high strength and good durability has been developed,
in which an anhydrous and alcohol soluble resin serves as
precursor and high alumina cement is used instead of
Portland cement [6]. This modified MDF cements have
similar high flexural strength and very high water resistance
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compared to conventional MDF cement [1,5,6], but the
technology of the modified MDF cement is very difficult
and not practical under normal service conditions. The use
of EVA (ethylene vinyl acetate copolymers) and others is a
common method for improving toughness of cement, but it
enhances the coherence and deteriorate the flowability of
cement paste, problems also exist in its practical application
[2,5].

To modify the properties of hardened cement paste, we
began to research the application of solution polymerization
in cement. Solution polymerization means that the water-
dispersion monomer polymerizes with the cross-linking
agent and initiating of the initiator [7—9], and the free-
radical polymerizes into lattices. At the same time, the
carboxyl ionic of the organic can chelate Ca”" ionic into
chelate compound [10,11]. Therefore, the polymer lattice
and inorganic lattices (hardened cement paste) overlap
together, which enhances the toughness of the composites

[11].
2. Experimentation

Cement pastes were prepared by mixing ordinary Port-
land cement 525R (Jidong Cement Plant, Tangshan, Hebei),
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Table 1
Mix proportions of AAM-modified cement

Materials Parts by weight (%)
Cement (OPC or sulphoaluminate cement) 100.0

Slag 36.23

Water 27.5

AAM 2-12

Modifier 0.13-0.17

sulphoaluminate cement (Tangshan Polar Bear Special
Cement, Luan County, Hebei), slag (Capital Iron and Steel,
Beijing), water solution of the monomer (AAM: Dongfang
Chemical Plant, Beijing) and other additives. The mix
proportions are given in Table 1.

The mixture was made into 4 x 4 X 16 cm. specimens
after mixed for about 5 min.

The initial setting time of the pastes is between 7 and 22
min, and the final one is about 12 to 120 min, which is
dependent on the content of the catalyst, monomer and the
modifier. Any compaction or heat curing is not required for
these pastes. The setting time, flexural strength and com-
pressive strength are measured according to standards that
are used in China.

3. Results and discussion

3.1. Properties

The properties of AAM-modified cements are given in
Tables 2 and 3.

Table 2
Properties of AAM-modified ordinary Portland cement 525R (cement:
slag=11:4)

Am/c  Flexural strength (MPa)

Compressive strength (MPa)

(%) 3 days 7 days 28 days 3 days 7 days 28 days
0 8.08 8.27 9.02 56.8 84.4 99.2
4 12.56 13.69 20.12 49.8 65.3 96.0
5.45 11.75 16.63 25.37 37.2 61.0 94.7
12 9.22 19.53 33.37 27.4 55.1 88.6

Curing condition: 3 days moisture, 25 days dry; Am: AAM.

Table 3
Properties of AAM-modified sulphoaluminate cement 525

Table 4
Effect of different organic matter on strength of sulphoaluminate cement
525

Type of Water/ Flexural strength (MPa) Compressive strength (MPa)
matter  solid 3 4,00 7 days 28days 3 days 7 days 28 days

Unmodified 0.247 820 840 798 54.6 67.0 68.0
EVA 0247 6.18 6.67 874 384 48.6 552

powder

VAE 0.247 523 5.82 8.59 40.0 44.0 56.0
emulsion

AAM 0.247 1045 1223 17.89 584 76.6 95.6
Idem.

EVA: Wacker, Germany; VAE: Beijing Organic Chemical Plant.

Table 2 shows that the addition of AAM worsens the
compressive strength of cement paste at 3 and 7 days, but
has no evident influence on the strength at 28 days. The
decrease in compressive strength at early ages is attributed
to the retardation of cement hydration due to the incorpora-
tion of AAM. The higher the AAM/C ratios, the greater the
retardation of hydration at the early stages [11]. But the
flexural strength of cement paste increased with AAM/C
ratio. When AAM/C=5.45%, the flexural strength
increased by 1.7 times at 28 days and by 2.7 times when
AAM/C=12%.

AAM addition also has the same influence on the
strength of sulphoaluminate cement (Table 3), but it only
decreases its compressive strength at 1 day. For both
cement, the optimum AAM/C ratio was about 5% to 8%.

The influence of organic matter on the strength of cement
paste is varied with the kind of the organics used. Table 4
shows that with the same addition of 5.45%, AAM, among

Table 5
The relationship between the catalyst-to-water ratio and the setting time
(sulphoaluminate cement 525)

Catalyst/water (ml/ml) Initial set (min) Final set (min)

0.016 7.25 9.25
0.012 7.67 10.50
0.008 7.80 10.83
0.004 10.03 14.17
0 22.00 120
Unmodified >45 <720

W/C=0.247, Am/C=0.0545.

Table 6
The relationship between the concentration of the catalyst and 28-day
strength of the composite (idem)

Am/c Flexural strength (MPa) Compressive strength (MPa)

Catalyst/water  Flexural strength (MPa) Compressive strength (MPa)

%) 1 day 3 days 7 days 28 days 1 day 3 days 7 days 28 days (ml/ml) 1 day 3days 7 days 1 day 3 days 7 days
0 743 821 839 798 514 55.6 67.0 68.0 0.016 1036 1229 2048 544 73.4 81.2

2 8.94 10.76 12.05 1435 446 54.6 65.8 67.5 0.012 9.96 12.24 21.63 57.2 71.9 76.2
4 9.78 11.24 12.54 2090 46.3 64.8 76.9 95.2 0.008 10.12 12,18 2147 584 71.5 79.4
545 10.36 12.29 1439 21.10 3438 56.2 76.0 97.2 0.004 10.16 12.00 21.48 57.8 73.1 77.0

8 11.92 1448 1584 2194 344 58.4 76.6 95.2 0 730 1241 19.08  54.6 72.3 77.1
Idem. Idem.
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Table 7
The relationship between the solution and the strength of the AAM-
modified composite (OP525)

Condition Flexural strength Compressive strength
(MPa) (MPa)

Drying curing 32.67 89.6

Water 24.65 90.0

Sulfuric acid 25.89 86.4

Sodium chloride 25.27 92.4

Sodium hydroxide 31.64 86.6

Idem.

the three organic compounds used, has the best strength
increasing effect.

3.2. Setting time

The setting time of AAM-modified cement paste can be
regulated by controlling the concentration of the catalyst in
the composite. The initial and final setting time of unmodi-
fied cement paste was >45 min and <720 min, respectively.
With use of catalyst, the initial setting time can be reduced
to 7 to 22 min, and the final set can be reduced to 10 to 120
min. The relationship between the setting time and catalyst-
to-water ratios are given in Table 5. It seems that from 0.008
to 0.016 of catalyst-to-water ratio, the setting time of paste
changes little, but from 0 to 0.008 the catalyst-to-water ratio
does have evident influence on setting time and with
increase of it the setting time of cement paste is decreased.
According to the results of this study, the optimum catalyst-
to-water ratio is < 0.004.

Table 6 shows that the addition of catalyst does not
worsen the strength of cement paste.

3.3. Resistance to chemical attack
After demoulding, the specimens were soaked in water,
saturated sodium chloride solution, sodium hydroxide solu-

tion (10% by weight) and sulfuric acid solution (pH2) for 4
months. Then their strengths were tested. The results are

CH;=CH-CO-MNH,; —
-[crh-rlsH]n-[ rlsH-CHﬂn-
coo oo
+Caﬂ+ _b

(fOO' (|ZOO'

-[ CH; - CH]u-[ CH-CHz]u-

shown in Table 7, which shows that when the AAM-
modified composites were soaked in water and the three
solutions for 4 months, the compressive strength of the
composites kept at the same strength level of the composite
under dry curing condition, but the flexural strengths were
lowered a little. The decrease in flexural strength maybe
due to fact that the formed PAM (polyacrylamide) absorbs
water, leading to the weakening of the connection of the
hydrate particles.

3.4. Mechanism of hardening

A possible mechanism [10,11] of the cement solidifica-
tion is shown Fig. 1.

The formed organic lattice and the inorganic lattice
(cement formed) overlaps, which improves the strength
and the toughness of the composite.

4. Conclusions

1. AAM/C ratio has an effect of the strength of AAM-
modified cement. Generally, the flexural strength of
AAM-modified cement increases with the increase of
AAM/C. However, there is an optimum AAM/C ratio,
about 5% to 8%. Higher AAM/C ratios will retard the
hydration of cement and decrease the compressive
strength at later stages.

2. The concentration of catalyst has an effect on the setting
time. By regulating the catalyst-to-water ratio, the setting
time of cement can be controlled. The optimum catalyst-
to-water ratio is about <0.004 (ml/ml).

3. The influence degree of organic compounds on the
flexural strength of cement is varied with the kind of the
compounds. In comparison to EVA- and VAE-modified
cement, AAM-modified cement has the biggest strength
at the same polymer-to-cement ratio (5.45%).

4. AAM-modified cement can well resist attacks by the
chemicals and is stable in water.

-[CHz-CH]n-[ CH-CHy]u-

(a)

coor coor

[-ch-cH], — [-EfH- CHy-Ju-

O=E3 0=0
\ 7

EN (b)

|
[-Cte- CH-], - [-CH- cHy-Jo-

Fig. 1. Mechanism of the composite solidification.
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5. Organic and inorganic lattices overlap in AAM-modified
cement paste, which improve the flexural strength and
the toughness of the cement-based composite.
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