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Abstract: 

        A comparative study is carried out between the effect of adding different percentages of 

each of the nonionic surfactant Cocamide diethanolamine, Cocamide DEA(LM), and the 

anionic surfactant Sodium Dodecyl Benzene Sulphonate (SDBS) to Portland cement paste. 

The influence of the different surfactant concentrations and the mixing times on the air 

content of the pastes and accordingly the bulk density, compressive strength and 

microstructure of the hardened cement specimens is discussed .The optimal level of factors to 

achieve the desired goals are determined. The results show that LM is more preferable than 

SDBS in most cases. 
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1. Introduction                             

      It is well known that the pore structure of hardened cement pastes strongly influence their 

physical and mechanical properties. The presence of an air-entraining agent (AEA) not only 

improves workability, but also enhances its freeze-thaw resistance  (Lea's , 2004). Du and 

Folliard (2005) noted that there is a minimum dosage of AEA required to entrain air in the 

concrete.  Rosen (2004) reported that the formed air bubbles in cement pastes  are unstable 

and have limited lifetimes. Therefore,   surfactants as AEAs  are used  in many cases to 

entrain air bubbles and stabilize them in the fresh cement pastes. Lea (1971) and Zhang( 

2001) suggested that air entraining surfactants operate at the air-water and  solid-water 

interfaces (Figure (1)).They help reducing surface tension  of water ,thus promoting 

dispersion and bubble forming . Leslie and Qingye (2004) concluded that the addition of 

AEA increased the air content up to a saturation level, above which no further increase in air 

content was observed. Algurnon ( 2013) stated  that entrained air is influenced by a number 

of factors. Examples of such factors include the duration of mixing , the nature and 

concentration of the surfactants used as air-entraining agents.  

Concerning the mixing time, Patrick (1968) reported that duration of stirring  affects the air 

void system in such a way as to cause an increase in the air content and the specific surface 

area of the voids as the mixing time increases. Also Yang (2012) observed that mixing a 

longer time can entrain more air in fresh cement pastes by applying more work on it. 
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Figure (1) Interaction between air bubbles and cement particles. 

         

       Carmel et al. (2003) concluded that the processes of air entrainment and air void 

stabilization in cement pastes depend  on the surface activity of the surfactant available in 

solution. Dodson (1990 ) claimed  that absorbed surfactant  molecules at the surface of the 

bubble form a film with their polar heads in the water phase. If the surfactant molecule is 

charged, the bubble acquires this charge, hence the electrostatic repulsion keeps bubbles 

separated and prevents coalescence. 

 

       The objective  of this work  is to study the effect of both the mixing time and the nature 

and concentration of  the two different surfactants LM and SDBS on the air content of cement 

pastes and accordingly on the bulk density and the compressive strength of the cement 

specimens.  Also the microstructure of the hardened cement samples has to be examined using 

X-ray diffraction and SEM techniques.  

 

2. Experimental: 

2.a. Materials: 

 Portland cement of mark CEM I 52.5N obtained from El-Arish cement factory. Its 

chemical composition is given in Table (1).  

 Cocamide DEA, a nonionic surfactant ,and sodium dodecyl benzene sulphonate , an 

anionic surfactant, are supplied from Merck and used as such. 

  

Table (1): Chemical composition of the used ordinary Portland cement (OPC). 

Ignition 

Loss 

CaO-

Free 
SO3 MgO Cl

-
 K2O Na2O CaO Fe2O3 Al2O3 SiO2 

Oxide 

(%) in 

OPC 1.22 0.92 0.91 2.36 0.02 0.11 0.29 62.87 4.69 5.78 22.12 

 

2.b. Techniques and Instrumentation: 

 

2. b.1 Pastes preparation:    

         The cement specimens are prepared by dissolving different concentrations of each of the 

two surfactants  mentioned  above in H2O then adding to cement. The water to cement ratio 

(W/C ) is 0.43 as recommended (Carmel et al., 2003). The percentages of  the surfactants 

used range from 0.005 to 0.08 % by weight of cement. 

        The mixing is carried out under continuous and vigorous stirring for about three minutes 

(Carmel et al., 2003). After complete mixing the resulted pastes is poured  into  (12 ×4 ×4 

cm
3
) moulds. The moulds are  kept at about 100% relative humidity at room temperature for 
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one  day. The hardened cement pastes are then removed from the moulds after they attained 

the final setting and cured under water for the rest of the hydration ages (up to 360 days). 

 

2. b.2 Compressive Strength determination:  

 Three specimens of each mix at different  hydration times (3, 7, 28, 90 and 360 days) 

are used for examinating the compressive strength of the pastes. The mean value of the three 

specimens at each hydration age is considered as the determined compressive strength. The 

strength test machine used is of point load taster (20063 cemasco S/N-Controls) type, Milano-

Italy. 

 

2. b. 3 Stopping of hydration: 

This  is performed after doing the compressive strength test by taking about  10 g of the 

crushed hardened pastes and putting into a beaker containing 100 ml of acetone/ethyl alcohol 

(1:1 by volume) to stop the hydration process. The mixture is stirred for 0.5 hr. The residue is 

filtered off , washed with ethanol and dried at100º C for about 24 hrs. The dried samples are 

then stored in a desiccator for the following physico-chemical analysis. 

  

2. b. 4 Determination of the bulk density of the cement pastes:   

 The bulk density is determined by measuring the weight of the sample in air and 

under water. The density is then calculated as mentioned in (ASTM Standard C 138-08 – 

2008). 

 

2.b. 5 Determination of the air entrained  in the cement pastes:   

    The percent of air entrained in pastes was determined by the difference in weight of a 

hardened cement paste in absence and in presence of surfactants by the equation(Carmel et 

al., 2003): 

 
Where : 

A: The weight of  hardened cement paste in absence of surfactant.   

B: The weight of  hardened cement paste  in presence of surfactant. 

 

2. b. 6 X-Ray Diffraction analysis (XRD):  

          XRD patterns of the samples are recorded by using a Philips X Pert MPD 

diffractometer using copper target with nickel filter under working conditions of 40 kilo volts 

and 20 milliampers. 

 

2. b. 7 Scanning Electron Microscopic (SEM) measurements:   

The morphology and microstructure of the dried hydrated samples are studied using JEOL 

JXA 840 A electron Probe micro analyzer SEM. The specimens are coated with a thin film of 

gold under a vacuum evaporator with cathode rays then analyzed. 
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3. Results and Discussion 

 

3. a. Effect of the presence of surfactants on the air content of cement pastes.  

     Air content is a controlling factor which affects many physical and mechanical properties  

of cement pastes (e.g., bulk density, compressive strength , workability, etc. ). 

    On adding an air entraining surfactant to cement pastes, its molecules are inserted between 

adjacent molecules at the water surface , the mutual attraction between the separated water 

molecules is reduced . Lowering  the surface tension stabilizes the bubbles against mechanical 

deformation and rupture, making it easier for bubbles to be formed. 

     The values of the air content entrained in Portland cement pastes hydrated for 90 days in 

presence of different percentages of  LM and SDBS are determined. It should be mentioned 

that the content of air entrained in cement pastes show a slight change at the different 

hydration ages (from 3 up to 90 days). However , the air content exhibits the best value at 90 

days of hydration. The results in Table (2) show a gradual increase in the air content  with 

increasing surfactant concentration and reach  a maximum value  at a concentration of 0.06 % 

and 0.08%  for LM  and SDBS, respectively.  

    However ,the maximum air content is 8.55% on using the LM surfactant , while it reaches 

only 7.10% in presence of SDBS .This means that SDBS is less efficient as an AEA than LM. 

This low efficiency of anionic SDBS surfactant may be attributed to its sensitivity to the 

presence of  Ca
+2 

 ions in the pastes media as mentioned in literature [Porter (1994), Salloum 

et al., (2000) and Kun Yang et al. (2007)] .      

  On the other hand, the nonionic surfactant LM has the advantage over SDBS because it is 

not affected by water hardness or pH changes (Rosen , 2004).This may explain the ability of 

LM to introduce more air in the cement pastes than SDBS. 

Table (2): Values of the air entrained by using LM and SDBS surfactants at 90 days. 

        Surfactant conc.(wt %)     

        

Surfactant           

 

0.005 

 

0.02 

 

0.03 

 

0.06 

 

0.08 

%   of   air   entrained 

LM 2.70 6.05 6.44 8.55 8.36 

SDBS 4.26 5.60 5.77 6.64 7.10 

 

  

3. b. Effect of the presence of surfactants on the bulk density of cement pastes.  

   The density of cement pastes is directly affected by the air content ,they are inversely 

proportional to each other. The  determined density of the hardened control specimen (zero 

surfactant concentration) and those of  the specimens containing  LM and SDBS surfactants 

after 90 days of hydration are shown in Table (3). The results show that the density decreases 

with increasing surfactant concentration, and reaches its minimum value at 0.08% wt of the 
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surfactant in both cases. It is found that, the density decreases by about 0.3g/ cm
3
 when the air 

content is increased by about 14%. 

Table (3): The density of hardened cement pastes with LM and SDBS surfactants at 90 days. 

     Surfactant conc. (wt %)     

   Surfactant                       

0.00 0.005 0.02 0.06 0.08 

ρ (g/ cm
3
) 

 LM 2.00 1.93 1.88 1.85 1.83 

 SDBS 2.00 1.91 1.89 1.86 1.85 

 

 

3. c. Effect of the mixing time on the air content of the hardened cement pastes in 

absence and presence of surfactants.  

    Mixing time plays an important role in controlling the air content in the cement pastes. The 

effect of changing the mixing intervals from 3 to 5, 6 and 8 minutes is studied in absence and  

presence of the surfactants at 0.02%  concentration after 90 days of hydration. It is found that 

changing the mixing time has no effect on the  control pastes (without  adding surfactant) . 

Similar finding are reported in the literature  (Powers ,1968 , Rosen, 2004 and Algurnon, 

2013).  It is supposed that in absence of an AEA , consolidation of the cement pastes will 

cause most of the air bubbles to make their way to the surface and burst. However, the results 

obtained in presence of the surfactants (Table 4)  show that the air entrained content increases 

gradually with increasing the mixing time intervals then reaches  a certain maximum in each 

case. Thus in presence of LM, when the stirring time is increased from 3 minutes to 5,6 and 8 

minutes,  the relative increase in the dosage of air entrained is calculated to be  7.4, 15.7 and 

23.9% , respectively. While  in case of SDBS, increasing the stirring time from 3 to 5 minutes 

causes an increase in dosage of air entrained by 23.2% which is reduced to 15.7 and 16% on 

increasing the mixing time to 6 and 8 minutes, respectively. The results indicate that SDBS 

mixes reach their maximum value faster than LM mixes.   

This result is in a good agreement with previous studies reported by Bruere, (1955) 

and Yang, (2012). It is reported that the duration of stirring affects the air void system in such 

a way as to cause an increase in the air content. The specific surface area of the voids also 

increases as mixing time increases. Where, during prolonged mixing at a constant speed, air 

content increases rapidly at first and then slowly approaches an upper limit.  

 

 

Table (4) Effect of mixing time on the percent of air entrained using 0.02% of LM and SDBS 

at 90 days of hydration. 

Mixing time (min.) 3 5 6 8 

% of air (LM) 6.05 6.50 7.00 7.50 

% of increasing(LM) - 7.40 15.70 23.90 

% of air (SDBS) 5.60 6.90 6.50 6.55 

% of increasing(SDBS) - 23.20 15.70 16.00 
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3. d.  Effect of surfactants on the compressive strength of the hardened cement pastes.  

     Compressive strength of hardened cement is an important criterion specified in the design 

of light weight cement pastes and should be considered equally important as density 

(Algurnon, 2013) . The properties of  these pastes are time-dependent, therefore, any test 

method on the cement pastes should be performed at a certain hydration age. 

   In this work, the determined values of the compressive strength of Portland cement pastes 

in absence and in presence of  the surfactants LM and SDBS at different concentrations and 

different hydration ages are given in Table (5). Generally, all mixes show an increase in the 

values of the compressive strength with increasing hydration time. This increase  is believed 

to be due to progress of the cement hydration with time. In nearly most cases, the compressive 

strength decreases on increasing surfactants concentration at all hydration ages. This is 

expected as being due to the increasing percentages of entrained air which may affect the 

compressive strength values. Also , the SDBS specimens exhibit the highest value for the 

compressive strength (108 N/mm
2
 ) at 0.005% surfactant after one year of hydration, while 

the LM specimens show the highest compressive strength values (138,129,124, 96 N/mm
2
) at 

the other surfactant concentrations (0.02, 0.03, 0.06 and 0.08 % , respectively). The optimal 

LM concentration is thus considered to be 0.02%. 

Table (5): The compressive strength (N/mm
2
) of hardened cement pastes using different 

concentrations  of LM and SDBS surfactants at different hydration ages. 

0.08 0.06 0.03 0.02 0.005 0 

Surfactant 

Con.          

(wt%) 

Hyd. 

Time 

(day) 

SDBS LM SDBS LM SDBS LM SDBS LM SDBS LM  

39.86 39.71 40.31 38.05 41.20 39.09 41.56 43.00 41.65 44.53 40.42 3 

45.70 47.33 45.60 49.05 44.90 47.85 44.03 49.61 48.81 51.02 50.38 7 

54.78 53.43 57.03 57.81 58.80 56.92 59.53 63.78 68.56 64.41 68.99 28 

61.04 64.48 64.66 71.08 71.50 74.57 72.49 79.19 74.20 66.26 72.70 90 

93.00 96.00 99.00 124.00 100.40 129.00 101.00 138.00 108.00 103.00 104.00 360 

 

3. e. Effect of surfactants on the phase composition of the hardened cement pastes. 

  The rates of change in physical and  chemical properties of Portland cement pastes depend 

upon the rates of hydration of the components in cement. Both C3S (alite phase) and β-C2S 

(belite phase) react with water to form calcium silicate hydrate (CSH) and calcium hydroxide 

(CH). The CSH provides most of the strength developed by Portland cement. C3S hydration 

occurs more rapidly than C2S hydration. Therefore, C3S provides most of the early age 

strength while C2S contributes mostly to the later age strength (Gartner et al., 2002). 

  The phase composition of the various hardened Portland cement pastes in absence and 

presence of the surfactants LM and SDBS is examined at the  two hydration ages 7 days as an 

early hydration age and 360 days as a late age  of hydration using 0.02 and 0.08 % surfactant 

concentrations applying the X-ray diffraction technique. The reactants (C3S and C2S) and 
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products (CSH and CH ) of cement hydration , (both for the control mix and on using LM and 

SDBS) are shown in Figures (2) and (3), respectively.  It can be observed that, the intensity of 

the characteristic peaks of the reactants such as alite and belite phases decreases with 

increasing the hydration age. 

At 7 days, it is found that the intensity of the peaks characteristic of calcium silicate 

hydrate (CSH) increases on adding either 0.02 or 0.08%  LM surfactant compared with the 

blank and SDBS specimens . This indicates that LM accelerates the hydration of the cement 

pastes in early ages. 

After one year, the peaks characteristic of β-C2S (belite phase) disappeared completely  

and converted to the hydration products, calcium silicate hydrate (CSH) and calcium 

hydroxide (CH). The intisity of the CSH peak increases in the samples containing of 0.02% 

LM, while in case of  0.08% concentration both CSH and CH peaks remain the same as in the 

blank. Also no diffrence is observed between the blank and SDBS speciments. 

    Hence,  it can be concluded that both 0.02 and 0.08 concentrations of LM accelerate the 

hydration reaction in the early age but after a year only the low dosage 0.02% accelarates the 

hydration reaction, while the addition  of  SDBS does not affect the  hydration process of the 

cement pastes . 

 

 

Figure (2):  X-ray diffraction patterns of the control hardened cement paste and the hardened 

cement pastes with 0.02 and 0.08 % LM at 7 days (W) and 360 days (Y) . 
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Figure (3):  X-ray diffraction patterns of the control hardened cement paste and the hardened 

cement pastes with 0.02  and 0.08 % SDBS at 7 days (W) and 360 days (Y). 

 

 

3. f. Effect of surfactants on the microstructure and morphology of the hardened cement 

pastes. 

    Scanning electron microscope (SEM) is used  to examine  the surface structure of hardened 

cement pastes  after 7 days of  hydration because approximately 80 percent of the cement 

have been hydrated after this time, (Copeland et al. 1960)  

  The micrographs of the hardened cement pastes in absence and presence of the surfactants 

are shown in Figure 4 (a, b & c). Figure (4-a) illustrates the hydration products formed in 

absence of surfactants. Calcium hydroxide appears as hexagonal plates and the fibrous CSH 

phase. Addition of  LM (Figure 4-b) shows an increase in the amount of calcium hydroxide 

which has  a layered structure appears beside CSH crystals.  

        On the other hand , figure (4-c) shows the micrograph of the  cement pastes in presence 

of SDBS. The calcium hydroxide hexagonal plates and the CSH phase can be noticed but less 

condensed than in the case of LM specimens. 

        These findings may indicate  that LM  is more preferable than SDBS as an  air-entraining  

agent  because it produces uniform air void system beside its ability to accelerate the 

hydration reaction. This may help improving the compressive strength of the LM specimens 

than those obtained on using SDBS as found before. 

 

       
Figure (4): SEM of hardened cement pastes after 7 days hydration (X = 5000). 

 a) Without surfactant           b)With 0.02% LM              c) With 0.02% SDBS.  

c b  a 
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CONCLUSION: 

According to the obtained results, we can conclude that:-   

 LM is not affected by the high alkali media of cement and improves the compressive 

strength indicating its ability to accelerate the hydration reaction.  

 The best compressive strength of LM specimens is attained at LM concentration  of  

0.02% by weight of cement which reaches 138 N/mm
2
 with an increase of  36.6% 

compared with  that of the SDBS specimens.  

 SEM shows that LM  causes a uniform distribution of small air voids which may 

greatly improve the compressive strength of the pastes. 

 LM is preferred than SDBS to entrain a low dosage of air up to 9%.  
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المنشط الغٍر اٌونً كوكامٍذ داي اٌثٍل امٍن والمنشط االنٍونً دوداكٍل بنزٌن سلفوناٌت  كل من اضافةدراسة تاثٍر

 االسمنتٍةعلى خواص العجائن  الصودٌوم

 

       ,** شفٛق يسعٕد خُذٚت,   *ٔفبء صالذ زدبص٘,  **عبذ انفخبذ عبذ سبّ قشيبٌ

              *,يٓب سبٛع أبٕ سشٚعٔ      * فبحٍ يسًذ صكشٚب 

 يصش.-انقبْشة-خبيعت عٍٛ شًس -كهٛت انبُبث -*قسى انكًٛٛبء

 .فهسطٍٛ -غضة-االساليٛتاندبيعت  –نُٓذست كهّٛ ا -**قسى انُٓذست انًذَٛت 

 

 الخالصة

 

فٙ حثبٛج انٕٓاء ٔاَخبج عدبئٍ اسًُخٛت ٔخشسبَت يٕٓاة عهٗ يذاس انسُٕاث انًبضٛت اسخخذيج انًٕاد انًُشطت نهسطر    

 ٔحًخبص انفقبعبث انٕٓائٛت انًثبخت بٓزِ انطشٚقت ببَٓب  حُفصم عٍ بعضٓب بصٕسة حبيت يًب ٚؤد٘ انٗ حسسٍٛ صفبث انعضل

 ٔانصٕحٙ.  ٔانًبئٙ ٘انسشاس

َٕٚٙ كٕكبيٛذ دا٘ اٚثٛم ايٍٛ األيخخهفت  يٍ كم يٍ انًُشظ غٛش  اثٔحٓذف ْزِ انذساست انٗ  يقبسَت حأثٛش اسخخذاو حشكٛض

((LM ٔانًُشظ األ(دٔداكٛم بُضٍٚ سهفَٕبٚج انصٕدٕٚو ََٕٙٛSDBS)  ٖٕببإلضبفت نخأثٛش حغٛش صيٍ انخهظ عهٗ يسخ

االسًُخٛت ٔببنخبنٙ دساست حأثٛشْب عهٗ كم يٍ انكثبفت ٔيقبٔيت االَضغبط ٔانبُٛت انًدٓشٚت نهعدبئٍ انٕٓاء فٙ انعدبئٍ 

 انًخصهذة .

يُشطبث انسطر زٛث اضٛفج يُشطبث انسطر كم  ٔ ألخم رنك  حى حسضٛش عذة يخبنٛظ يكَٕت يٍ: أسًُج بٕسحالَذٖ

أرٚبج ْزِ انُسب فٙ يبء  انخهظ زٛث  ٔ قذ ٌ االسًُجيٍ ٔص  0.080 انٗ 0.005 عهٗ زذة بُسب يئٕٚت حخشأذ يب بٍٛ

سى( ٔزفظج عُذ دسخت 12×سى4×سى4ثى صبج انعدبئٍ انًسضشة فٙ قٕانب ) 0.43 بهغج َسبت انًبء انٗ االسًُج

25زشاسة 
o

سبعت. بعذ رنك حى فك انقٕانب ٔزفظج انعُٛبث  حسج انًبء  24% نًذة 111و ٔكزنك عُذ سطٕبت َسبٛت زٕانٗ 

 .ٕٚو يٍ بذء انخهظ  361 زخٗ صيٍ

  .فٙ يعظى انسبالث LM)َٕٚٙ )األعهٛٓب حبٍٛ افضهٛت اسخخذاو انًُشظ غٛش  انًخسصميٍ خالل انُخبئح انخدشٚبٛت 


