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Effect of Water Dispersible Polymers on 

The Properties of Superplasticized 

Cement Paste, Mortar, and Concrete 

by J. J. Beaudoin and V. S. Ramachandran 

Svnovsis: A study was designed to assess the merits of polymer addition to 
superplasticized cement paste, mortar and concrete. Three superplasticizers - a 
sulfonated melamine formaldehyde, a sulfonated naphthalene formaldehyde and a 
commercial superplasticizer were used in combina tion with experimental polymers. 
Polymer and super-plasticizer dosagcs ranged from &15% and 0-0.3% rcspectiveTy. 

The effcct of binary admixture systems - (superplastiazer and polymer) - on 
the physico-mechanical properties of the cementitious systems was determined. 
Properties investigated included the following: slump, slump retention, setting time, 
compressive strength, flexural strength, surface area, porosity and density. 
Compatibility of the polymers with the superplasticizer was assessed with rmpect 
to the influence of the individual admixtures on the properties of the various 
systems. Synergistic effects were observed for one polymer, the results of which are 
discussed in detail. 

Keywords: cement pastes; canpressive strength; concretes; 
ethvlene comlvmers; flexural strength; mortars [material) ; 
plasticizers; plastics, polymers, and resins; porosity; setting 
(hardening); shrinkage; stvrene co~~lmers; workability 
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INTRODUCTION 

Superplasticizing admixtures are widely used in concrete technology to 
obtain concrete having high workability or high strength. Superplasticizers are 
used in combination with other admixtures to obtain additional beneficial effects 
such as better durability, acceleration and retardation. Polymer additives such as 
latexes, powdered emulsions and water soluble polymers are used in mortar and 
concrete to control chemical resistance and drying shrinkage, increase tensile 
strength and improve bonding characteristics. It can be foreseen therefore that the 
b i n a j  admixture containing~superplasticizer and polymer may result in certain 
beneficial effects to concrete that cannot be derived by using them individually. 
There is a paucity of data on properties of paste, mortar and concrete containing 
both super-plasticizers and water dispersible polymers [I]. This paper deals with 
the effect of two water dispersible polymers used in combination with three 
superplasticizers on the physico-mechanical properties of cement paste, mortar and 
concrete. 

EXPERIMENTAL 

Materials 

Portland Cement: The composition was as follows: SiO2 = 22.00%; A1203 = 4.88%; 

Fe2O3 = 1.93%; CaO = 63.29%; MgO = 4.24%; SO3 = 1.95%; Na20 = 0.17%; K20 = 
0.78%; Ti02 = 0.20%; P2O5 = 0.11%; Mn2O3 = 0.02%; SrO = 0.05%. Ignition loss = 

0.70%; Blaine surface area = 351 m2/kg. 
Superplasticizer: Two types of superplasticizers were used, sulfonated melamine 
formaldehyde type (SMF) and sulfonated naphthalene formaldehyde type (SNF). 
In addition an SNF based commercial superplasticizer (CSP) designed to minimize 
slump loss was used. Superplasticizer was used in amounts up to 0.3% by weight of 
cement. 
Polymer: Two water dispersible polymers were used either alone or in combination 
with superplasticizer. They were styrene butadiene copolymer (SBR) supplied by 
Dow Chemical USA and ethylene vinylacetate copolymer (EVA) supplied by 
Nihon Kasei Co., Japan. The polymers were used in amounts from 0-15% by weight 
of cement. 
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Fine A m :  Natural sand having a fineness modulus of 2.41 was used. 
Coarse Aeneeate: -- - Graded crushed aggregate comprised limestone in the particle 
size ranges 9.5 to 6.4:12.7 to 9.5:lg.l to 12.7 mm in the following proportion by 
weight; 1:1.5:2.75. 

Mix Prevaration 

Cement Paste: Cement pastes containing superplasticizer (0-0.3%) and water - 
soluble polymer (0-15%) were prepared at three water-cement ratios, w/c = 0.32, 
0.45 and 0.52. Cement paste specimens were cured in two ways. One set was cured 
continuously at 100% RH, and the other, initially for 1 day at 100% RH followed by 
continuous curing at 50% RH. 
Mortar: Mortar mixes containing superplasticizer (0-0.3%) and 2% water-soluble 
polymer were prepared at a nominal water-cement ratio = 0.50. Mix proportion of 
cement:natural sand = 1:2.75. 
Concrete: Concrete mixes containing superplasticizer (0-0.3%) and water-soluble 
polymer (0-15%) were prepared at a nominal water-cement ratio = 0.50. The mix 
proportion of concrete was cement:sand:coarse aggregate = 1:2:3.2. Some mixes were 
made with water-cement ratios of 0.35 and 0.40. 

Fresh Proverties; 

Cement Paste: Mini-slump tests for cement paste were carried out according to 
procedure described by Kantro [3]. Samples were re-used in establishing slump loss - 
time curves. The sample was carefully sealed in a container during test intervals 
and mixed for 1 minute prior to subsequent test. 
Mortar: Mini-slump tests for mortar were carried out with a slump cone having the 
following dimensions: top diameter 37.5 mm, bottom diameter 75.0 mm and height 
112.5 mm. The mixing and testing were conducted in accordance with ASTM C305. 
Concrete: The method for measuring slump of concrete conformed to ASTM C192-81 

and ASTM (343-78. A .046 cubic meter pan mixer was used for all concrete mixes. 
Slump areas were obtained by using average of 3 values for the diameter. 

Physical Proverties; 

Cement Paste: Density was determined using solid volume measurements obtained 

with a helium pycnometer. Porosity was also determined using helium pycnometric 
methods. Nitrogen surface area measurements were carried out with a Quantasorb 
surface area analyzer. Shrinkage measurements were made with a modified 
Tuckerman optical extensometer having a sensitivity of 4 microstrain. Shrinkage 
was measured on prism specimens 10 x 25 x 1 mm thick moist cured for 1 d and 
conditioned at 57% RH for 28 d followed by exposure to 11% RH for 14 d. Shrinkage 
measurements on some specimens were made between 57 and 11% RH. Initial and 
final setting times were obtained according to procedures described in ASTM C191. 
Concrete: The initial and final setting times were obtained using ASTM C403-85. 

Mechanical Proverties; 

Cement Paste: Flexural strength of cement paste disc specimens 25.4 mm 0 x 1.27 mm 

0 (1" x .050 in. thick) was calculated by using an expression for the maximum tensile 

stress developed at the center of a centrally loaded simply supported circular plate 

[2]. For each determination flexural strength was calculated as the average value 
for three test specimens. Load was applied using an Instron testing machine. 

Loading rate (cross-head speed) was 5 x cm/min. 
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Compression tests on 5.1 cm cubes of cement paste were carried out on a Tinius 

Olsen testing machine using a loading rate equivalent of 0.20 MPa s-l. Three 
specimens were tested for each test condition at 1,3,7 and 28 days. 
Mortar: Compression tests on 5.1 cm mortar cubes (3 for each test condition) were 

carried out using a Tinius Olsen testing machine at a loading rate of 0.20 MPa s-l. 
Test ages were 3,7 and 28 days. Tests were performed according to ASTM C109. 
Concrete: Compression tests on 15.2 x 30.5 cm concrete cylinders were carried out at 3, 
7 and 28 days. Flexural strength tests utilized 7.6 x 7.6 x 30.5 cm concrete beams. 
Tests were performed in accordance with ASTM C39 and C78. Three specimens for 
each test condition were tested for both compression and flexural strength 
determinations. 

RESULTS AND DISCUSSION 

CEMENT PASTE 

SlumD 
Thc effect of SBR polymer in combination with SMF superpiasticizer on the 

iniHal and 3 h minislump can be assessed from figures 1 and 2. In figure 1 the 
minisIump values for cement pastes (w/c = 0.45 and 0.52) containing no admixtures, 
0.3% SMF, 2% SBR polymer and 0.3% SMF + 2% SBR combination are plotted. The 
reference cement paste (w/c = 0.451 has the lowest initial slump and at 3 h i t  has 
practically the same value. Addition of SBR increases the initial slump slightly 
and at 3 h it has a similar value to that of the reference. Addition of SMF increases 
the initial slump significantly, the value being about 4.5 times higher than that of 
the reference paste. Within 1 h the dump value decreases by a b u t  40% and in 3 h 
by more than 50%. At 3 h the value is considerably higher than that of the 
reference. The SMF + SBR combination increases the initial slump to the greatest 

extent, the value being as high as 385 cm2. Addition of SBR to SMF is not only 
cornpahlle but has a synergistic effect. The slump decreased by about 50% in 1 h. At 

3 h the slump is  118 cm2. At 3 h the slump values for paste containing SMF + SBR 
and SMF (w/c = 0.45) are similar indicating that the effect of SBR on s lump 
retention at 3 h Is  minimal. 

The initial slump value of the reference cement paste (w/c = 0.52) is 95 cm2 

compared to a value of 56 cm2 for that prepared at a w/c = 0.45. The initial slump 

values for the paste containing SMF and SMF + SBR are 275 and 358 cm2 

respectively. The corresponding values at w/c = 0.45 are 250 and 385 cm2. These 
results suggest that the initial slump values for most samples, as expected, are 
higher at a w/c = 0.52 than at w/c = 0.45 [6]. 

The final slump values a t  3 h for the reference, SBR, SMF and SMF + SBR 

(W/C = 0.52) are respectively 80, 124, 162 and 236 cm2. The combination of SMF and 
SBR shows the best slump retention characteristics. Slump retention at w/c = 0.52 is 
significantly better than that at w/c = 0.45. At a higher w/c the mean particle 
distance is increased and the tendency for agglomeration of particles due to 
physical and chemical interactions is reduced. The addition of SBR enhances not 
only the initial slump of the paste containing SMF but also the slump retention 
characteristics. In terms of workability addition of SBR is compatible with pastes 
containing SMF; in fact workability is improved. 

The increase in the initial slump of pastes containing SMF + SBR may be 
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explained as follows. The slump of cement paste is determined by the C3A + 
Gypsum reaction and also the dispersibility of the C3S phase. Dispersibility of C3S 

depends on the amount of SMF available for adsorption on the hydrating C3S. 

When SMF + SBR are added together, SBR competes with SMF for adsorption on the 
C3A + Gypsum mixture. Consequendy more SMF will be available for dispersion of 

the C3S phase. The dominant phase that influences the slump in cement paste has 

been shown to be the C3S phase [41. 

The effect of different amounts of SBR on the slump characteristics of cement 
paste containing 0.3% SMF is given in figure 2. The initial slump decreases as the 
amount of SBR increases, the values being 385,358,306 and 274 at 2%, 5%, 10% and 
15% SBR respectively. The initial slump of superplasticized cement paste without 

SBR is 250 cm2. Thus addition of SBR increases the slump of super-plasticized 
cement paste at all dosages. Slump values at 3 h increase as the dosages of the 
added SBR is increased; the slump values with 0,2,5,10 and 15% SBR are 114,118, 

130,185 and 215 cm2 respectively. One possible explanation is that as the dosage of 
SBR is increased its interaction with C3A and C3S increases. The effectiveness of 

the dispersion of C3S by SMF is thus increased. 

The effect of SBR and EVA polymers in combination with both SMF and 
SNF on initial and 3 h minislump can be determined from figures 3 and 4. Minislump 
results are presented in figure 3 for cement paste (w/c = 0.32) containing no 
admixtures, 0.3% SMF and SNF, 10% SBR and EVA polymer and combinations of 
0.3% superplasticizer and 10% polymer. The initial slump of all the paste mixes 
increases with respect to the reference with the exception of the 0.3% SNF + 10% 
EVA combination. The initial slump of the paste containing 0.3% SMF alone is 

greater than that containing 0.3% SNF by 20 cm2. Mixes containing polymer alone 
also have a greater initial slump than the reference with the slump of SBR pastes 

exceeding that of EVA pastes by about 15 cm2. Addition of 10% SBR and EVA with 
0.3% SNF results in a decrease in the initial slump values relative to the addition of 
SNF alone. The initial slump of the reference paste is not affected with the 
combination 0.3% SNF + 10% EVA. Slump retention at 3 h with the combination 
0.3% SMF + 10% SBR is better than all other combinations. The combination 0.3% 
SNF + 10% SBR shows some slump retention at 3 h. 

Minislump results for cement paste (w/c = 0.52) containing 0.3% SMF and 
SNF and 10% SBR are presented in figure 4. The initial and final slumps are greater 
than those for pastes at w/c = 0.32. Addition of 10% SBR to SNF does not improve 
either the initial or final slump values. The initial slump and slump retention is 
significantly improved with the combination of 0.3% SMF + 10% SBR. 

Comvressive Stren~th 
The influence of SMF, SBR and their combination on compressive strength 

development of paste cured at 50% RH is shown in figure 5. The reference paste and 
two pastes one containing 0.3% SMF and the other 2% SBR, at 1 day shows strength 
values of 14,20.6 and 15.3 MPa respectively and at 28 d the corresponding values are 
42.8, 45.9 and 42.9 MPa. A comparison of the strength values of these three pastes 
shows that the strength values arc higher for the paste containing SMF. The paste 
with SBR exhibits similar strengths to those of the reference. The combination, 

SMF + SBR, shows higher strcngth than either SMF or SBR; at 28 days the value is 
24% higher than the reference. With higher amounts of SBR eg. 15% the strength is 
decreased drastically at 1 day and 28 days, the 28 day value being 28.1 MPa 
compared to 42.8 MPa for the reference. The compressive strcngth of the mix 
containing 0.3% SMF + 15% SBR is similar to that containing 15% SBR. Thus 

compressive strength development in the presence of SMF is not affected by SBR 

addition. 
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All samples cured at 100% RH show higher strengths than those cured at 
50% RH. At 28 days of curing pastes containing the reference, SMF, SBR and SMF + 
SBR combination show strengths of 59.2, 58.5, 53.7 and 57.1 MPa respectively. The 
corresponding values for those cured at 50% RH are 42.8, 45.9, 42.9 and 53.1 MPa 
respectively. The higher strength development in pastes cured at 100% RH may be 
attributable to the higher degree of hydration. The results indicate that addition 
of SMF compensates for the slight decrease in strength caused by the addition of 
SBR. 

Even at 50% RH however, at 28 days, addition of the SMF + SBR 
combination gives higher strength than the reference and those with SMF or SBR. 
Addition of 2% SBR to 0.3% SMF does not interfere with strength development. At 
higher amounts of SBR cg. 15%, the strength at 28 days is drastically reduced to 28.1 

MPa compared to 42.8 MPa for the reference. Addition of 0.3% SMF howevcr, 
slightly increases the strength viz from 28.1 MPa to 30.0 MPa. The strength 
reduction caused by higher amount of SBR may be cxplained by its lower modulus of 
elasticity and lower density compared to the cement paste matrix [51. Tf larger 
amounts of S8R are to be used in combination with SMF, the strengths can be 
recovered by using lower amoun ts of Water and higher cement contents. 

The solid densities of the reference, that containing 0.3% SMF and 15% SBR 
were found to k 2,32,2.38 and 2-14 respectively. Porosity measurements were carried 
out to determine i f the low strengths in samples containing higher amounts of SBR 
could be cxplained by differences in porosity values. The porosity of the reference 
sample and that containing 15% SBR is 353 and 34.6% respcctivcly. The lower than 
expected porosity of the paste containing 15% SBR may be due to the blockage of 
pores by the polymer. It appears that true porosity in the cement-polymer system 
cannot be determined accurately. 

Use of SMF with SBR is compatible from the strength development point of 
view because some strength losses caused by higher amounts of SBR are partially 
recovered by the addition of SMF. 

Flexural Stren~th 
Flexural strengths of cement pastes containing SMF and SMF + SBR and 

cured for 1,3,7 and 28 days at 50% RH or in water were determined. Samples cured 
continuously at 100% RH generally exhibited higher strengths than those cured at 
50% RH. For example at 28 days, additions of 2% SBR and 0.3% SMF + 2% SBR 
resulted in a flexural strength of 7.83 MPa and 8.42 MPa respectively at 50% RH; the 
corresponding values for samples cured at 100% RH were 10.9 MPa and 11.6 MPa. 
The greater rate of hydration can explain the higher strengths developed at 100% 
RH. 

At 1 day the SMF + SBR combination gave a value intermediate between 
that for SBR or SMF but it was higher than that of the reference. The strengths 
inmase with the age of curing. The highest strength was exhibited in the presence 
of 0.3% SMF + 15% SBR the value being 9.87 MPa compared with 7.70 MPa for the 
reference. Addition of a polymer is known to increase the long term flexural strength 
of cement paste and concrete. The presence of SMF only marginally affected the 
flexural strength increase dcvdopcd by SBR. The enhanced flexural strength in the 
presence of SBR is explained by effects such a s  film formation and fiIling of cracks 

t6l. 

Shrinkage 
In general the shrinkage from 100-57% RH is higher than that occurring 

between 57% RH and 11% RH (Table I). The higher shrinkage with the SMF or SBR 
could be attributed to the greater dispersive effect and larger surface areas that 
result from the dispersion. Larger surface areas generally increase shrinkage [71. 
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Addition of the combination SBR + SMF in fact results in lesser shrinkage compared 
either to SMF or SBR alone or to that of the reference. The explanation is not 
immediately evident and one of the possibilities is that the interaction of SMF 
with SBR may somehow inhibit the transfer of water from the system. 

Shrinkage from 57 - 11% RH involves effects due to water removal from 
capillaries and interlayer regions. Major consolidation effects have already taken 
place in this RH region. However it is known that from 11 - 0% RH length change is 
caused by removal of interlayer water which results in much larger shrinkage [8]. 
At higher polymer contents the film formation effect may reduce water ingress into 
interlayer positions thus deaeasing the potential for shrinkage. 

Settine 
All admixtures retard both the initial and final setting times of cement 

paste compared to that without admixtures. Although SBR or SMF added 
separately retard the setting times by 40 - 60 mins. (initial setting time) and 30 - 50 
mins. (final setting time) the combination seems to retard further the setting times 
(Table 11). 

MORTAR 

Slump 
The effect of SBR and EVA polymer in combination with SMF on the initial 

and two hour minislump can be assessed from figure 6. The combination 0.3% SMF + 
2% SBR shows greater slump retention than other mortars. Some measurements were 
carried out to determine if the initial slump and final slump values at 2 hours could 
be explained by differences in air contents. The values for the reference, 0.3% SMF, 
0.3% SMF + 2% SBR and 2% SBR mixes were 4.5,4.3,2.5 and 3.5% respectively. Thus 
the air content values had no significant effect on slump values. With 2% SBR or 
2% EVA the use of SMF results in higher initial and final slumps than those for SMF 
alone. The trends shown for the SMF-SBR combination in mortar mixes are similar 
to those shown for paste mixes. Slump value at 2 h is better with polymer addition 
(SBR or EVA) than without it. Addition of SBR or EVA in the amount of only 2% 
can reduce slump loss of mortar with 0.3% SMF. 

Comvressive Strength 

The effect of polymer addition on compressive strength of superplasticized 
mortar is shown by the data presented in Table 111. The addition of 0.3% SMF 
increases strength at ages from 1 to 28 days for curing at 100% RH, but has no 
beneficial effect on strength for curing at 50% RH. 

Addition of 2% SBR alone reduces compressive strength significantly at all 
ages; strength values of mortar containing 0.3% SMF + 2% SBR are, however, only 
slightly less than those of the reference. Higher amounts of SBR addition result in 
significantly lower strengths compared to the reference. 

CONCRETE 

Slump 
The effect of different amounts of superplasticizer on slump retention of 

concrete containing SBR was determined. Previous work [9] had indicated that 
small amounts of SBR might be effective in controlling slump loss of superplasticized 
concrete 191. 
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In this study 2% SBR polymer was added to concrete containing 0.1 - 0.3% 
SMF and the resulting effect on slump loss with time was determined (figure 7). 

Although the polymer by itself did not increase the initial slump, in 
combination with SMF, slump values were consistently higher at all dosages. Slump 
increased by about 100% for concrete containing 0.3% SMF. At 2 hours slump 
retention was significantly greater for concrete containing 0.2 - 0.3% SMF. Slump 
decreased only by about 6 cm for the (0.3% SMF + 2% SBR) concrete, whereas for 
0.3% SMF concrete the corresponding value was more about 10 cm. For all dosages of 
SMF, addition of SBR polymer is effective in reducing slump loss. 

The relative effects of the admixture formulation used in this work (SMF + 
SBR) and those of a commercial admixture (CSP), at two dosage levels are compared 
in figure 8. The initial slump increase with the commercial admixture is slightly 
less than that with SMF + SBR. It is also evident that the slump values at 4 h are 
higher with the SMF + SBR combination. Slump value with SMF + SBR at 4 h is 8 
cm compared to the value of 5 cm for the commercial formulation. Use of a slightly 
higher dosage of the commercial admixture, i.e. 0.36% in place of 0.3%, only 
marginally increases slump retention. Higher dosages were not used because they 
resulted in unusually high setting times that are not acceptable by the ASTM or CSA 
standards. It may be argued that the slump retention with SMF + SBR is better 
because the initial slump itself is higher with this formulation and therefore 
retention would also be higher. The formulation (0.1% SMF + 2% SBR) in figure 7 
increased the initial slump of concrete to about 20 cm and this formulation may be 
compared with the effect of 0.3% CSP (figure 8) which has also an initial slump of 
20 cm. The slump of concrete containing 0.3% CSP (figure 8) and that containing 0.1% 
SMF + 2% SBR (figure 7) at 2 h is about 9 cm, demonstrating that the slump retention 
of these systems is comparable. 

Compressive Streneth 
Compressive strength results for concrete containing 0.3% SMF and 0.3% SMF 

+ 2% SBR are presented in figure 9. All mixes have a slump of about 12.7 cm. The 
strength of concrete containing 0.3% SMF + 2% SBR is greater than that containing 
only 0.3% SMF at all test ages. The reference has lowest strength at all ages. 

Results for concrete having higher slump (20.3 cm) are given in Table IV. 
The compressive strength of concrete containing SMF alone is higher than the 
reference but the combination of 0.3% SMF and 2% SBR has lower compressive 
strength than concrete with SMF alone and slightly lower strength than the 
reference at 28 days. This indicates that increases in the compressive strength 
properties of concrete containing binary admixture systems are dependent on slump. 
Strength decreases at higher slump for concrete cured at 100% RH may result from 
transport of the polymer to the concrete surface through a leaching process. Care 
should be taken to avoid prolonged moist curing of high slump concrete containing 
SBR to eliminate lower strength levels. 

Flexural S t ren~th  
Flexural strength results for concrete (12.7 cm slump) containing 0.3% SMF 

and 0.3% SMF + 2% SBR are reported in Table V. The trends are similar to those for 
compressive strength. Mixes in order of increasing strength (at all test ages) are: 
reference < 0.3% SMF < 0.3% SMF + 2% SBR. 

Modulus of Elasticihr 
There is no significant change in the modulus of elasticity of the 12.7 cm 

slump concrete concrete at 28 days for all mixes. At 3 and 7 days however, the 
concrete with SMF or SMF + SBR shows higher modulus than the reference concrete. 
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Settine Time 

Some experiments were carried out to determine the effect of binary 

admixture systems on initial and final setting times of concrete having a 9 cm slump. 
Tests were carried out according to ASTM C-403-85. Mixes included concrete with no 

admixture, 0.3% SMF + 2% SBR and combinations of 0.3% CSP and SBR. 
The initial set should be at least 1 h later but should not be more than 3 h 

later than the reference mix to satisfy requirements for ASTM standard for type G 
admixtures. The final set should not be later than 3 h with respect to the reference 
mix. Applying these criteria admixtures 0.3% SMF + 2% SBR and 0.3% CSP are 
acceptable formulations. The commercial admixture formulation CSP marginally 
passed the initial set requirements. All other admixtures did not pass the initial set 

requirements. However, formulations containing 0.3% CSP and SBR pass the final 

set requirements but show slightly higher earlier setting times by about 15-30 mins. 

This could perhaps be overcome by the addition of less than 1% SBR to the 
formulation or adjusting the commercial polymer to a slightly lower level. In other 

words the addition of SBR to the commercial polymers could be adjusted so that 

increased slump retention can be obtained without failing the setting time 

requirements. One of the limiting factors in the use of retarders in formulations 
containing superplasticizers is that they promote excessive retardation of setting 

that may not conform to the standards. The commercial admixture cannot be used by 

itself at dosages higher than 0.3%, even though better slump retention 

characteristics may result. 

CONCLUSIONS 

Concluding statements are given separately for cement paste, mortar and 
concrete. 

Addition of SBR and EVA copolymers to cement paste containing SMF super- 
plasticizer increases its slump significantly. Initial and final slumps of the pastes 

containing binary admixtures systems are greater at higher water-cement ratios. 

Addition of SBR copolymer to cement paste containing SNF superplasticizer 
increases its slump to a lesser degree than with SMF superplasticizer. The 
combination of SNF and EVA has no beneficial effect. The effectiveness of SMF and 

SNF in combination with SBR is dependent on water-cement ratio of cement paste. 
At higher water-cement ratios addition of SBR to SNF has no positive effect. 

Slump retention increases with the amount of polymer added. Slump retention at 3 h 
for low water-cement ratio paste made with the SMF-SBR combination is higher 
than with all other combinations. The combination of the SMF-SBR admixture 
shows a synergistic effect with respect to the development of flexural strength and 
compressive strength at 28 days. The combination of SBR and SMF reduces the 

shrinkage of cement paste relative to that obtained with the addition of the 
polymer or superplasticizer alone. Setting time with the SBR-SMF combination is 
slightly higher than that obtained using individual admixtures. The use of the 

0.3% SMF + 2% SBR admixture combination in cement paste does not affect the 
beneficial effects derived by either of them. 

Addition of SBR or EVA copolymer is effective in controlling slump loss of 
mortar containing SMF. Slump-time characteristics for the SMF-SBR combination in 
mortar mixes are similar to those for paste mixes. Addition of 2% SBR to mortar 

containing SMF results in only a small reduction of compressive strength. 

Addition of polymer to superplasticized concrete increases slump retention. 
A formulation based on the SMF-SBR binary system provides better slump retention 
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than the commercial counterpart. The SMF-SBR formulation satisfies the setting 
characteristics for a type G admixture as prescribed by ASTM and CSA standards. 
Addition of SBR copolymer in controlled amounts to the commercial formulation 
tested increases the slump retention further. 

A qualitative assessment of the slump retention characteristics of mortar 
and concrete containing a combination of superplasticizer and water dispersible 
polymer can be obtained from minislump tests of cement paste containing the binary 
admixture system. 
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TABLE 1--SHRINKAGE OF CEMENT PASTES CONTAINING 
SUPEReLASTICIZER AND POLYMER 

I 

Material 

Shrinkage, % 

100 - 57% RH 5 7 - l l % R H  

Reference 0.38 0.157 
I 

Cement + 0.3% SMF 0.57 0.125 

Ccment + 2% SBR 0.53 0.193 

Cement + 0.3% SMF + 2% SBR 0.36 0.159 

Cement + 10% SBR 0.064 

Cement + 15% SBR 0.070 

Cement + 0.3% SMF + 15% SBR 0.068 

(Moist curing at 100% RH at higher SBR contents detrimental). 

TABm 2--SETTING TIMES OF PASTES CONTAINING 
SUPERPLASTICIZER AND POLYMER 

Initial Setting Final Setting 

h : min h : min 

1. Ccrnent 

2. Cement + SMF 

3. Cement + 2% SBR 

4. Cement + 5% SBR 

5. Cement + SMF + 2% SBR 

6. Cement + 5% SBR 
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TABLE 3--COMPRESSIVE STRENGTH OF MORTAR CUBES 
CONTAINING SBR AND SMF TYPE SUPERPLASTICIZER 

COMPRESSIVE STRENGTH (MPa) 

RelativeHumidity 100 100 50 100 50 100 50 

Reference 14.8 34.6 35.7 46.1 41.5 56.2 45.6 

0.3% SMF 18.2 37.3 36.1 48.3 42.3 57.5 42.9 

2% SBR 11.5 24.4 23.0 32.3 28.6 40.4 31.8 

0.3% SMF + 2% SBR 15.5 33.8 33.7 42.5 41.7 51.4 43.0 

15% SBR 8.7 22.1 21.4 29.9 32.6 37.9 39.8 

0.3% SMF + 15% SBR 9.3 25.5 26.9 31.0 34.8 39.8 41.9 

TABLE 4--COMPRESSIVE STRENGTH OF CONCRETE 
CONTAINING SBR AND SMF TYPE SUPERPLASTICIZER 
(SLUMP = 20.3 CM): 100 PERCENT RH 

Concrete Compressive Strength (MPa) 

Reference 15.6 20.2 27.4 

0.3% SMF 23.8 26.5 31.1 

0.3% SMF + 2% SBR 20.1 22.8 26.9 
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TABLE 5--FLEXURAL STRENGTH AND MODULUS O F  ELASTICITY 
OF CONQETE CONTAINING SBR AND SMF TYPE SUPERPLASTICIZER 

(SLUMP = 12.7 CM) ; 100 PERCENT RH 

Concrete Flexural Strength Modulus of Elasticity 

MPa MPa x 

Reference 22.0 26.6 36.9 1.49 1.76 1.97 

0.3% SMF 29.7 34.1 39.0 1.97 2.07 2.14 

0.3% SMF + 

+ 2% SBR 33.1 37.0 51.7 2.03 2.07 2.15 
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Time, hours 
Fig. 1--Minislump of cement paste containing SBR 
polymer with SMF type superplasticizer 
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Tiine, hours 
Fig. 2--Minislump of cement paste containing 
different amounts of SBR with 0.3 percent 
SMF superplasticizer (w/c = 0.45) 
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Time, hozrrs 

Fig. 3--Minislump of cement paste containing 
SBR and EVA in combination with SNF and SMF 
superplasticizer (w/c = 0.32) 



Time, hours 

Fig. 4--Minislump of cement paste containing 
SBR in combination with SNF and SMF 
superplasticizer (w/c = 0.52) 
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28 Day 

REF. 0.3%SMF 2%SBR 0.3%SMF lS%SBR 0.3%SMF 

+2%SBR +lS%SBR 

Fig. 5--Compressive strength of cement paste containing 
SBR polymer with SMF superplasticizer (w/c = 0.45) 



1989 Ottawa Conference 239 

Time, hours 
Fig. 6- inis is lump of cement mortar containing 
SBR and EVA polymers with SMF superplasticizer 
(c/s = 0.36) (w/c = 0.50) 
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0 1 2 3 

Time, hours 

Fig. 7--Slump changes in concrete containing 
SBR with different amounts of SMF superplasticizer 
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Time, hours 
Fig. 8--Relative slump changes in concrete containing 
a commercial superplasticizer(CSP) and SMF + SBR 
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Fig. 9--Compressive strength of concrete (12.7 cm slump) 
containing SMF superplasticizer and SMF + SBR 
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