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Abstract: The use of polymers in reinforcement is a field that is gradually gaining momentum in the world of material
science. The use of these polymers aids in reducing the menace of pollution attributed in the production of these materials. Till
now, no work has been done on the use of polyacrylic resin in the reinforcement of material and that is what this research tries
to throw more light on. This work is aimed at studying the effect of water absorption and the mechanical properties of
polymeric Portland cement, Polymeric Barite and Polymeric Calcium carbonate, all locally blended in various ratios. The
Mechanical and Water absorption properties of the mixture of Polyacrylic resin and Cement, Polyacrylic resin and Barite and
Polyacylic resin and Calcium carbonate was analyzed. Eight different ratios of the Resin and Fillers were used in this work, viz;
90:10, 80:20, 70:30, 60:40, 50:50, 40:60, 30:70, 25:75, and 100% of the Polymer. The Compressive, Tensile and Fleuxeral
abilities of the wood samples were used to determine its Mechanical abilities. The experimental result obtained showed that as
the resin was decreased, the strength as well as the Water absorption ability of the materials increased until it got to a peak
from where it starts to decrease.
Keywords: Carbon Dioxide, Emission, Mechanical, Calcium Carbonate, Barite, Polyacrylic, Compressive

1. Introduction
The cement industry is no doubt one of the most thriving
industries in any developed and developing countries but this
industry has consistently contributed to carbon dioxide
emissions in its production processes that aids in the
depletion of the ozone layer [1]. During the production of
cement, limestone in the form of calcium carbonate is
decomposed to produce calcium oxide and carbon dioxide.
This emission apart from producing poisonous calcium
carbonate requires large volume of water too which could
lead to water pollution [2]. Also, when concrete is being
disposed, large amount of solid wastes are released into the
environment. To checkmate these excesses, the need to
reduce the amount of Portland cement needed led to the
usage of solutions such as the supplementary cementitious
materials like fly ash [3, 4].
Concrete is well recognized in the construction industry
even though it is deficient in having low fleuxeral and tensile

strength, it has very high compressive strength. This made
the use of reinforcement to boost its shortcomings necessary.
This reinforcement which may take the form of the addition
of a good polymer is a research field that is currently thriving
[5].
This research entails the use of polyacrylic resin as
reinforcement on Portland cement, calcium carbonate and
barite. The mechanical properties as well as its water
absorption property were determined.

2. Materials and Methods
2.1. Sample Collection
The cement used was Ordinary Portland Cement (NIS 444,
2008) bought from a cement depot at Awka, The Polyacrylic
resin; Calcium carbonate and Barite were bought from a
drilling material shop at Boromi, Old road Nkpo Onitsha,
Anambra state, Nigeria.
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Table 5. 60% resin to 40% cement.

2.2. Materials
The materials used for this research include:
i. Weighing balance
ii. Specimen mould
iii. Stirrer
iv. Aluminium foil
v. Polyacrylic resin
vi. Portland Cement (NIS 444, 2008)
vii. Calcium carbonate
viii. Barite
2.3. Preparation of the Mould
Wooden moulds of 150mm×225mm×450mm was made,
the moulds were made of wood and a tape used to cover the
base, The moulds were also designed so that they can be
removed easily. This was done so that the specimens
conformed to the standards required for compression,
flexural and tensile strength testing.

Ingredients
Poly acrylic resin
cement

Weight in kg
0.12072
0.09229
Table 6. 50% resin to 50% cement.

Ingredients
Poly acrylic resin
cement

Weight in kg
0.01006
0.21596
Table 7. 40% resin to 60% cement.

Ingredients
Poly acrylic resin
cement

Weight in kg
0.08048
0.13844
Table 8. 30% resin to 70% cement.

Ingredients
Poly acrylic resin
cement

Weight in kg
0.06036
0.16151

2.4. Preparation of the Blends
Different masses of the blends and filler were weighed
with the aid of a weighing balance on an Aluminum foil.
Nine blends each were produced for the mixture of the Resin
and the three fillers namely: Cement, Barite and Calcium
carbonate to give a total of Twenty-seven different blends.
The blends were present in the ratio 100:0, 90:10, 80:20,
70:30, 60:40, 50:50, 40:60, 30:70, and 25:75. The mass of the
various blends is given below.
2.4.1. The Ratios and Amount of the Polymer and the
Materials

Table 9. 25% resin to 75% cement.
Ingredients
Poly acrylic resin
cement

(ii). Poly Acrylic Resins (Resin) and Barite (Filler)
Table 10. 100% resin to 0% barite.
Ingredients
Poly acrylic resins
barite

Ingredients
Poly acrylic resins
Cement

Weight in kg
0.2012
0
Table 2. 90% resin to 10% cement.

Ingredients
Poly acrylic resin
Cement

Weight in kg
0.18108
0.02307
Table 3. 80% resin to 20% cement.

Ingredients
Poly acrylic resin
cement

Weight in kg
0.16096
0.04615
Table 4. 70% resin to 30% cement.

Ingredients
Poly acrylic resin
cement

Weight in kg
0.14084
0.06922

Weight in kg
0.2012
0
Table 11. 90% resin to 10% barite.

(i). Poly Acrylic Resins (Resin) and Cement (Filler)
Table 1. 100% resin to 0% cement.

Weight in kg
0.0503
0.173025

Ingredients
Poly acrylic resin
barite

Weight in kg
0.18108
0.0241
Table 12. 80% resin to 20% barite.

Ingredients
Poly acrylic resin
barite

Weight in kg
0.16096
0.20916
Table 13. 70% resin to 30% barite.

Ingredients
Poly acrylic resin
barite

Weight in kg
0.14084
0.07240
Table 14. 60% resin to 40% barite.

Ingredients
Poly acrylic resin
barite

Weight in kg
0.12072
0.09640
Table 15. 50% resin to 50% barite.

Ingredients
Poly acrylic resin
barite

Weight in kg
0.1006
0.1206
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Table 16. 40% resin to 60% barite.
Ingredients
Poly acrylic resin
barite

Weight in kg
0.08048
0.1446
Table 17. 30% resin to 70% barite.

Ingredients
Poly acrylic resin
barite

Weight in kg
0.06036
0.16870
Table 18. 25% resin to 75% barite.

Ingredients
Poly acrylic resin
barite

Weight in kg
0.05030
0.18075

(iii). Poly Acrylic Resins (Resin) and Calcium Carbonate
(Filler)

Table 27. 25% resin to 75% calcium carbonate.
Ingredients
Poly acrylic resin
calcium carbonate

2.4.2. The Weight of the Resins to the Fillers After Mixing
Table 28. Resin and Cement.
Ratio of the mixture of resin and cement
100:0 (standard: only resin)
90:10
80:20
70:30
60:40
50:50
40:60
30:70
25:75

Table 19. 100% resin to 0% calcium carbonate.
Ingredients
Poly acrylic resins
calcium carbonate

Weight in kg
0.2012
0

Table 20. 90% resin to 10% calcium carbonate.
Ingredients
Poly acrylic resin
calcium carbonate

Weight in kg
0.18108
0.02180

Table 21. 80% resin to 20% calcium carbonate.
Ingredients
Poly acrylic resin
calcium carbonate

Weight in kg
0.16096
0.04360

Table 22. 70% resin to 30% calcium carbonate.
Ingredients
Poly acrylic resin
calcium carbonate

Weight in kg
0.14084
0.06550

Table 23. 60% resin to 40% calcium carbonate.
Ingredients
Poly acrylic resin
calcium carbonate

Weight in kg
0.12072
0.08730

Table 24. 50% resin to 50% calcium carbonate.
Ingredients
Poly acrylic resin
calcium carbonate

Weight in kg
0.1006
0.1090

Table 25. 40% resin to 60% calcium carbonate.
Ingredients
Poly acrylic resin
calcium carbonate

Weight in kg
0.08048
0.13080

Table 26. 30% resin to 70% calcium carbonate.
Ingredients
Poly acrylic resin
calcium carbonate

Weight in kg
0.06036
0.15262

Weight in kg
0.0503
0.1635

Weight after mixing in kg
0.2012
0.20415
0.20711
0.21006
0.21301
0.21596
0.21892
0.22187
0.22332

Table 29. Resin and Barite.
Ratio of mixture of resin and barite
100:0 (standard)
90:10
80:20
70:30
60:40
50:50
40:60
30:70
25:75

Weight after mixing in kg
0.2012
0.20518
0.20916
0.21324
0.21712
0.2212
0.22508
0.22906
0.23105

Table 30. Resin and Calcium carbonate.
Ratio of mixture of resin and calcium
carbonate
100:0 (standard)
90:10
80:20
70:30
60:40
50:50
40:60
30:70
25:75

Weight after mixing in kg
0.2012
0.20216
0.20456
0.20634
0.20802
0.20960
0.21128
0.21298
0.21380

2.5. Curing
Water curing method was adopted for this research. The
moulds were left where they were moulded and sprinkling
method of curing was adopted. Sprinkling was done twice
daily until curing age was reached.
Curing the cubes was done to increase it's level of
hydration and improve the strength of the cubes. Curing took
place from the second day of production till sixty (60) days
later.
2.6. Experimental Procedures
2.6.1. Test for Water Absorption of the Samples
Water absorption is defined as the quantity of water
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withdrawn by a particular sample at specific conditions. For
the water absorption test, the specimen were exposed under
the atmosphere or dried with an oven for a specified time and
temperature. Immediately upon cooling (if you use oven) the
specimens were weighed. The material was submerged in
water for a timeframe of two days. After two days, the
sample was taken out from the water, dried and reweighed.
Data:
Water absorption is expressed as the percentage increase in
the weight of the sample;
Percent Water Absorption = [(Weight of wet sample - weight
of dried sample)/ weight of dried sample] x 100%.

1881.
The surface dried blocks were weighed after which they
were placed centrally on the testing machine. The knob of the
machine was adjusted to firmly hold the block. Load was
applied and the failure load determined for the blocks of each
replacement.
The average crushing load for each was recorded and the
compressive strength was calculated for each replacement
relationship:

2.6.2. Mechanical Analysis
The cured moulds were then tested for their compressive,
tensile and fleuxeral strength using the procedures below;
Compressive Strength Test
The compressive strengths of the blocks were carried out
with the aid of a universal testing machine as indicated in BS

Splitting Tensile Test
This test will be finding the ultimate load for splitting
tensile strength. This was be done using the same sized
samples as the compression testing, however the force was
applied to the longitudinal edge of the specimen rather than
the top of the specimen.

Compressive strength =

Mean failure load (N)
Cross sectional area (mm )

3. Results
3.1. Water Absorption
Table 31. The water absorption of polymeric cement.
Ratio of mixture of resin and cement
100:0 (standard)
90:10
80:20
70:30
60:40
50:50
40:60
30:70
25:75

Weight before curing in kg
0.2012
0.20415
0.20711
0.21006
0.21301
0.21596
0.21892
0.22187
0.22333

Weight after curing in kg
0.20423
0.20722
0.21016
0.21312
0.21607
0.21904
0.22198
0.22343

Water Absorption (%)
0.04
0.05
0.05
0.05
0.05
0.05
0.05
0.04

Table 32. The water absorption of polymeric Barite.
Ratio of mixture of resin and barite
100:0 (standard)
90:10
80:20
70:30
60:40
50:50
40:60
30:70
25:75

Weight before curing in kg
0.2012
0.20518
0.20916
0.21324
0.21712
0.22120
0.22508
0.22906
0.23105

Weight after curing in kg
0.20523
0.20923
0.21330
0.21720
0.22127
0.22513
0.22915
0.23111

Water Absorption (%)
0.02
0.03
0.03
0.04
0.03
0.02
0.04
0.03

Table 33. The water absorption of polymeric Calcium carbonate.
Ratio of mixture of resin and cement
100:0 (standard)
90:10
80:20
70:30
60:40
50:50
40:60
30:70
25:75

Weight before curing in kg
0.2012
0.20216
0.20456
0.20634
0.20802
0.20960
0.21128
0.21298
0.21380

Weight after curing in kg
0.20219
0.20459
0.20637
0.20806
0.20966
0.21131
0.21301
0.21383

Water Absorption (%)
0.01
0.02
0.02
0.02
0.03
0.01
0.01
0.01
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Figure 1. The Water absorption of Polymeric Cement.

Figure 2. The Water absorption of Polymeric Barite.

Figure 3. The Water absorption of Polymeric Calcium carbonate.

American Journal of Mechanical and Materials Engineering 2019; 3(2): 36-46

Figure 4. The Water absorption of Polyacrylic resin and the fillers.

3.2. Mechanical Properties of Polymeric Cement
Table 34. For the mixture of Resin and Cement.
Ratio of mixture of resin and cement
100:0 (standard)
90:10
80:20
70:30
60:40
50:50
40:60
30:70
25:75

Compressive Strength (MPa)
38.675
52.731
79.862
98.784
91.625
89.555
88.231
81.461

Tensile Strength (MPa)
10.317
11.429
13.364
15.698
16.932
17.004
16.855
14.321

Figure 5. The Compressive strength of Polymeric Cement.

Figure 6. The Tensile strength of Polymeric Cement.

Fleuxeral Strength (MPa)
14.53
12.13
15.90
28.31
26.20
23.74
22.86
18.70
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Figure 7. The Fleuxeral strength of Polymeric Cement.

Figure 8. The Mechanical properties of Polymeric Cement.

3.3. Mechanical Properties of Polymeric Calcium Carbonate
Table 35. For the mixture of Resin and Calcium carbonate.
Ratio of mixture of resin and Calcium carbonate
100:0 (standard)
90:10
80:20
70:30
60:40
50:50
40:60
30:70
25:75

Compressive Strength (MPa)
33.512
37.261
42.369
44.325
46.227
40.624
39.146
35.232

Tensile Strength (MPa)
8.510
8.901
9.521
9.878
8.154
7.993
7.432
7.210

Fleuxeral Strength (MPa)
12.84
12.91
13.32
14.66
14.89
14.24
13.86
12.90
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Figure 9. The Compressive strength of Polymeric Calcium carbonate.

Figure 10. The tensile strength of Polymeric Calcium carbonate.

Figure 11. The Fleuxeral strength of Polymeric Calcium carbonate.

3.4. Mechanical Properties of Polymeric Barite
Table 36. For the mixture of Resin and Barite.
Ratio of mixture of resin and Barite
100:0 (standard)
90:10
80:20
70:30
60:40
50:50
40:60
30:70
25:75

Compressive Strength (MPa)
38.421
49.465
45.565
48.652
47.456
45.265
45.211
44.953

Tensile Strength (MPa)
14.545
12.458
15.587
16.897
17.879
16.444
16.325
16.588

Fleuxeral Strength (MPa)
9.60
9.95
10.52
10.97
11.55
11.82
12.65
11.74

43

44

Okonkwo Ebere Onyekachi and Kingsley Ogemdi Iwuozor: Mechanical and Water Absorption
Properties of Polymeric Compounds

Figure 12. The Fleuxeral strength of Polymeric Barite.

Figure 13. The Tensile strength of Polymeric Barite.

Figure 14. The Compressive strength of Polymeric Barite.

4. Discussion
For the ratio 100:0 for the Resin: Cement, Resin: Barite,
and Resin: Calcium carbonate, it was observed that curing
did not occur. This shows that the addition of the resin
without the fillers i.e. Polyacrylic resin would not be cured
without the addition of the fillers. According to table 31, the
percentage water absorption was within a 0.01 range. The
highest value was 0.05 and the lowest, 0.04. Only two ratios
exhibited water absorption of 0.04% viz; 90:10 and 25:75,
while the rest exhibited 0.05% water absorption. According
to table 32, the water absorption ability of the mixture of
polyacrylic resin and barite was within the range of 0.02 i.e.
from 0.02 to 0.04. The highest value of water absorption
(0.04) was noticed at the 60:40 ratio of resin to barite while

the lowest value of (0.02) was found the both the 90:10 and
40:60 ratio of resin to barite. According to table 33, the %
Water absorption was within the range of 0.02 i.e. from 0.01
to 0.03. The highest value of water absorption (0.03) was
noticed at the 50:50 ratio of resin to Calcium carbonate while
the lowest value of (0.01) was found in the 90:10, 40:60,
30:70, and 25:75 ratio of resin to Calcium carbonate. From
the experimental result obtained, the ratios 80:20, 70:30,
60:40, 50:50, 40:60, 30:70 for Polyacrylic resin: Cement are
the best ratios to obtain optimum water retention. The ratio
60:40, for Polyacrylic resin: Barite is the best ratio to obtain
optimum water retention and finally, the ratio 50:50, for
Polyacrylic resin: Calcium carbonate is the best ratio to
obtain optimum water retention.
The compressive, Tensile and Fleuxeral strength of the
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100:0 of the mixture of the resin and fillers weren’t
calculated as it didn’t cure to solid. The compressive strength
of the polymeric cement ranged from 38.675 to 98.784. It
was noticed that the compressive strength increased steadily
as the amount of cement was increased and the amount of
polymer decreases until it reached a peak, from where it
started decreasing. The highest value of compressive strength
was reached at the 60:40 ratio of Resin: Cement, while the
lowest compressive strength was discovered in the 25:75
ratio of Resin: Cement. The tensile strength of the polymeric
cement ranged from 10.317MPa in the 90:10 ratios to
17.004MPa in the 40:60 ratio of Resin: Cement. It was
noticed that the compressive strength increased steadily as
the amount of cement was increased and the amount of
polymer decreases until it reached a peak (17.004), from
where it started decreasing. The Fleuxeral strength of the
polymeric cement ranged from 14.53MPa in the 90:10 ratio
to 28.31MPa in the 60:40 ratio of Resin: Cement. It was
noticed that the fleuxeral strength increased steadily as the
amount of cement was increased and the amount of polymer
decreases until it reached a peak, from where it started
decreasing. From table 34, the compressive strength of the
polymeric cement got to its peak at the 60:40 ratio. This
shows that the maximum stress sustained by the Polymeric
cement is 98.784MPa at the 60:40 ratio. The tensile strength
of the polymeric cement got to its peak at the 40:60 ratio,
while the fleuxeral strength of the polymeric cement got to its
peak at the 60:40 ratio. From these results, it shows that the
ratio of the highest strength of the polymeric cement is the
60:40 ratio of Resin: Cement.
The compressive strength of the polymeric Calcium
carbonate ranged from 33.512 to 46.227. It was noticed that
the compressive strength increased steadily as the amount of
Calcium carbonate was increased and the amount of polymer
decreases until it reached a peak, from where it started
decreasing. The highest value of compressive strength was
reached at the 50:50 ratio of Resin: Calcium carbonate, while
the lowest compressive strength was discovered in the 90:10
ratio of Resin: Calcium carbonate. The tensile strength of the
polymeric Calcium carbonate ranged from 7.210MPa in the
25:75 ratios to 9.878MPa in the 60:40 ratio of Resin:
Calcium carbonate. It was noticed that the compressive
strength increased steadily as the amount of Calcium
carbonate was increased and the amount of polymer
decreases until it reached a peak (9.878), from where it
started decreasing. The Fleuxeral strength of the polymeric
Calcium carbonate ranged from 12.84MPa in the 90:10 ratio
to 14.89MPa in the 50:50 ratio of Resin: Calcium carbonate.
It was noticed that the fleuxeral strength increased steadily as
the amount of Calcium carbonate was increased and the
amount of polymer decreases until it reached a peak, from
where it started decreasing. From table 35, the compressive
strength of the polymeric Calcium carbonate got to its peak at
the 50:50 ratio. This shows that the maximum stress
sustained by the Polymeric Calcium carbonate is 46.227MPa
at the 50:50 ratio. The tensile strength of the polymeric
Calcium carbonate got to its peak at the 40:60 ratio, while the
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fleuxeral strength of the polymeric Calcium carbonate got to
its peak at the 50:50 ratio.
The compressive strength of the polymeric Barite ranged
from 38.421MPa to 48.652MPa. From table 36, it was
noticed that the compressive strength increased steadily as
the amount of Barite was increased and the amount of
polymer decreases until it reached a peak, from where it
started decreasing. The highest value of compressive strength
was reached at the 60:40 ratio of Resin: Barite, while the
lowest compressive strength was discovered in the 90:10
ratio of Resin: Barite. The tensile strength of the polymeric
Barite ranged from 12.458MPa in the 80:20 ratios to
17.879MPa in the 50:50 ratio of Resin: Barite. It was noticed
that the compressive strength increased steadily as the
amount of Barite was increased and the amount of polymer
decreases until it reached a peak (17.879), from where it
started decreasing. The Fleuxeral strength of the polymeric
barite ranged from 9.60MPa in the 90:10 ratio to 12.65MPa
in the 30:70 ratio of Resin: barite. It was noticed that the
Fleuxeral strength increased steadily as the amount of Barite
was increased and the amount of polymer decreases until it
reached a peak, from where it started decreasing. From table
36, the compressive strength of the polymeric barite got to its
peak at the 60:40 ratio. This shows that the maximum stress
sustained by the Polymeric Barite is 48.652MPa at the 60:40
ratio. The tensile strength of the polymeric Barite got to its
peak at the 50:50 ratio, while the fleuxeral strength of the
polymeric Barite got to its peak at the 30:70 ratio.

5. Conclusion
From the research conducted on the Water absorption and
Mechanical properties of the mixture of Cement, Barite,
Calcium carbonate and Polyacrylic resin, it was discovered
that the resin was unable to cure without the addition of any
filler. This made it impossible to determine its Mechanical
and Water absorption property. The results of this work
confirmed that the ratios 80:20, 70:30, 60:40, 50:50, 40:60,
30:70 for Polyacrylic resin: Cement are the best ratios to
obtain optimum water retention. The ratio 60:40, for
Polyacrylic resin: Barite is the best ratio to obtain optimum
water retention and finally, the ratio 50:50, for Polyacrylic
resin: Calcium carbonate is the best ratio to obtain optimum
water retention. The results of this work also confirmed that
from the compressive strength graphs; the optimum
compressive strength of the polymeric cement, Calcium
carbonate and Barite were the ratios 60:40, 50:50, and 80:20
respectively. It was observed during the course of this work
that as the amount of Polyacrylic resin was reduced and the
amount of filler was increased, the strength of the polymeric
material was observed to increase until a peak was gotten and
then it started decreasing.
It can therefore be deduced from this research that the
addition of Polyacrylic resins to the materials; Portland
cement, Calcium carbonate and Barite would increase its
water retention capacity as well as its mechanical properties.
Polyacrylic resin is recommended as a reinforcer to materials.
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