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Abstract.  The inclusion of Effective Microorganism (EM) lengthen the 
setting time of microbed cement paste with respect to the control cement 
paste. However, the investigation on the influence of EM ingredients to the 
setting time was not performed yet in the earlier study. Therefore, the test 
of X-Ray Diffraction (XRD) was performed on the EM product used in 
order to determine their ingredients. Further examination was carried out to 
analyse the pore characteristics in examining the effect of the pore size 
distribution to the setting time of microbed cement paste. Potassium 
Chloride (KCl) was detected in EM liquid using XRD test. It can be 
concluded, the ingredient of EM which is consist of the molasses 
influenced the setting time of microbed cement paste. The hardening rate 
of microbed cement paste was effected by the presence of KCl. The pore 
size of microbed cement paste recorded the lower pore volume (mL/g) with 
respect to the control cement paste. The larger intrusion of mercury was 
recorded at smaller pore diameter in microbed cement paste while control 
cement paste occupied at the bigger pore diameter. The microbed cement 
paste (16.5%) recorded the smaller porosity than cement paste without EM 
(20.3%). The smaller cement pore effects the delayed setting time of 
microbed cement. 

1 Introduction 
Increasing of concrete consumption introduces the processed and unprocessed product 
materials or waste materials in the concrete mix to improve the concrete workability, 
durability and mechanical properties. The significant outcome by adding these materials are 
well reported [1-15]. Beginning of the 21th century, other new potential materials have 
been initiated to enhance the cement based properties is Effective Microorganism (EM) 
[16-24]. The incorporation of EM in cement paste prolonged the initial and final of setting 
time. Due to the extended setting time, its effect the process of hydration of microbed 
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cement paste [21]. The decrement pore size of cement paste particles also lengthen the 
setting time [25].   

However, the study was not published yet in examining the effect of EM ingredients to 
the delayed setting time of microbed cement paste. Furthermore, the outstanding result 
performed in previous studies [16-24] initiated the curiosity to carry out further 
experiments to study the effectiveness of EM in analysing the pore size of microbed cement 
paste. Therefore, this present study was carried out to investigate the influence of EM 
inclusion to the setting time of cement paste. Vicat test was performed on the cement paste 
containing with and without EM. The X-Ray Diffraction (XRD) was carried out in 
investigating the ingredients of EM liquid while total porosity, total pore area and diameter, 
their distribution and average were determined to relate the pore characteristics to the 
setting time of cement paste by performing the Mercury Intrusion Porosimetry (MIP) test. 

2 Experimental 
The Effective Microorganism (EM) was obtained from Johor Farmers’ Organisation, 
Malaysia. One (1) litre of mixtures consist of distilled water (90%) and EM (10%) was 
named as Effective Microorganism Solution (EMS). Seven (7) days of fermentation was 
carried out in plastic bottle to activate the microorganism growth in mixtures. The pH of the 
mixtures was less than four (4) before being added into the cement paste. The test of Vicat 
and Mercury Intrusion Porosimetry (MIP) were performed on the microbed and control 
cement paste while the liquid of EM used was tested using X-Ray Diffraction (XRD). The 
following subsection describes the preparation of cement paste and testing required. 

2.1 Preparation of cement paste 

The quantity of water required was calculated from the consistency test which was 28% and 
30% recorded in control and microbed cement paste, respectively. The cement paste of 
500g was blended with 140ml of distilled water and 150ml of EMS. The size of mould 
prepared was 50mm and the specimens leave in the room temperature before tested by MIP.  

2.2 Consistency and setting time  

The cement paste of 500g mixed with 100ml of distilled water and EMS. The plunger of 
Vicat released at 4min ± 10s after zero time. The penetration was recorded with different 
water amounts until the distance of plunger and base-plate reached at 6 ± 2 mm. After 
achieved the consistency of paste, the plunger was replaced by the needle. The needle of 
Vicat adjusted and reached the surface of the paste. The initial setting time was measured at 
zero time when the needle released to the time at which the needle penetrates vertically into 
the paste when the distance reached 6 ± 3 mm between the needle and the base plate. The 
final setting time determined when the time elapsed was recorded from zero to the time at 
needle finally penetrates only 0.5 mm into the paste [26].  

2.3 X-Ray diffraction (XRD)  

XRD test was carried out at Faculty of Pharmacy, Universiti Teknologi MARA (UiTM), 
Puncak Alam, Selangor with scanning from 2º to 90°. The liquid of EM was put on the 
specimen’s holder before placed at tubular aerosol suspension chamber. 
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2.4 Mercury intrusion porosimetry (MIP) 

The equipment of Micromeritics AutoPore IV was used to obtain data of porosity, pore 
characteristics and their distribution. The test was performed at the Multipurpose 
Laboratory, Faculty of Chemical Engineering, Universiti Teknologi MARA (UiTM), 
Selangor. The crushed of cement paste specimens was tested at the age of 3, 14 and 28 days 
of curing period. The test was carried out by applying a pressure between 0.1 MPa and 400 
MPa.  

3 Results and discussion 

The results of cement consistency and setting time, XRD and MIP of cement paste with and 
without Effective Microorganism (EM) was described in the following sections.  

3.1 Effective microorganism (EM) inclusion influence the cement consistency 
.and setting time 

The inclusion of EM in the cement paste increased the cement consistency and setting time. 
The cement consistency recorded was 28% and 30% in cement paste without EM and with 
EM, respectively. In control cement paste, the initial setting time recorded at 45 minutes 
while final time set at 145 minutes. Initial setting time of microbed cement paste indicated 
at 55 minutes while final in 170 minutes.   

3.2 Effective microorganism (EM) ingredients influence the delayed setting 
..time of microbed cement paste 

The analysis of XRD in Fig. 1 shows the liquid of Effective Microorganism (EM) used in 
this present study contains high potassium chloride (KCl). Generally, KCl is a mineral used 
as fertilizers by farmers in plantation. This mineral is widely used as main ingredients in 
sugar which was commonly found in sugarcane [27]. The contents of KCl in EM used was 
confirmed by the addition of molasses in this present study. The molasses used in this study 
was produced from the sugarcane. The presence of KCl in EM influence the hardening rate 
of microbed cement paste which was lengthen the setting time of microbed cement paste 
[20]. The similar pattern found in the previous study [27-29] also concluded that molasses 
contents influenced the setting time of cement which was acted as retarder in the cement 
paste. 
 

 
Fig. 1. Potassium chloride (KCl) detected in EM liquid 
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3.3 Effective microorganism (EM) inclusion influence the pore size and 
porosity of cement paste 

The pore volume (mL/g) against pore size of control and microbed cement paste obtained 
from Mercury Intrusion Porosimetry (MIP) tests can be referred to Fig. 2 and Fig. 3. The 
test was performed on the curing day of 28. Generally, the pore diameters of all specimen 
displays a size more than 1μm. The curves is located at the larger pores region. The pore 
volume of microbed cement paste slightly lower compared to the cement paste without EM 
as shown in Fig. 2. In microbed and control cement paste, the larger mercury intrusion 
presented at pore diameter started from 20μm to 40μm and between 40μm and 50μm, 
respectively. The smaller of pore size and lower pore volume delayed the setting time of 
microbed cement. So it is consistent with larger mercury intrusion at range between 40μm 
and 50μm. 
 

 
Fig. 2. Pore size distribution of control and microbed cement paste  

The pore volume and diameter of microbed cement paste in Fig. 3 shows the highest 
pore volume found in the specimens of three (3) days with more than 0.12 mL/g. This can 
be due to the delayed setting time which reduced the hardening rate of the microbed cement 
paste. The pore diameter decreases with respect to the increment of curing days. In average, 
the larger mercury intrusion occurred at pore diameter between 20μm to 40μm in all 
specimens of microbed cement paste.   

 
Fig. 3. Pore volume with respect to pore diameter of microbed cement paste 
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Table 1 presents the microbed cement paste having the reduction of total porosity 
(16.5%) than the control cement paste (20.3%) while median pore diameter represents the 
point that located 50% of pore size distribution curve. In microstructure examination found 
the densification matrix of microbed cement paste was denser and less voids with respect to 
the control paste without EM [20, 22]. The micrograph image captured was consistent with 
the result of porosity and median pore diameter. The microbed cement paste presents 
smaller value of median pore diameter corresponding to control cement paste. The 
maximum and minimum pore diameter do not show significance effect to the setting time 
of cement. Rationally, these two (2) data do not correlate to the pore volume of cement 
paste unless the graph of logarithm was constructed.  

 
Table 1.The pore characteristics of control and microbed cement paste at the age of 28 days of curing 
 

 Control  Microbed 
Total porosity (%) 20.325 16.492 
Average pore diameter (μm) 0.0539 0.0206 
Median pore diameter (μm) 0.2424 0.0154 
Maximum pore diameter (μm) 319.057 319.163 
Minimum pore diameter (μm) 0.00301702 0.003017 

4 Conclusion 
The ingredient of Effective Microorganism (EM) used as the addition in the cement paste 
showed the presence of Potassium Chloride (KCl) which was detected using X-Ray 
Diffraction (XRD) test. Consequently, the setting time and hardening rate of microbed 
cement paste was effected by the presence of KCl due to the existence of molasses in EM 
liquid. 

The addition of Effective Microorganism (EM) into the cement paste decreased the 
porosity with 19% corresponding to the control cement paste at the age of 28 days curing. 
The larger mercury intrusion occurred in microbed cement paste at pore diameter between 
20μm and 40μm at the age of 28 days curing. The decrement of pore size delayed the 
setting time of cement. It can be referred to the result of lower pore volume and smaller 
pore diameter indicated in microbed of cement paste. The larger pore size recorded when 
the larger mercury intrusion at range between 40μm and 50μm in cement paste without 
EM. 

References 
[1] M. Vitruvius, The ten books in architecture, Translator Dover Publication, New York, 

USA, (1960) 
[2] J.P. Adam, Roman building: Materials and techniques, Routledge Publication, 11 New 

Fetter Lane, London, (1999) 
[3] N. Bouzoubaa, M.H. Zhang and V.M. Malhotra, Mechanical properties and durability 

of concrete made with high-volume fly ash blended cements using a coarse fly ash, J. 
Cement and Concrete Research, 31(10), 1393–1402, (2001) 

[4] D.A. Cengiz, Strength properties of high-volume fly ash roller compacted and 
workable concrete, and influence of curing condition, J. Cement and Concrete 
Research, 35(6), 1112– 1121, (2005) 

    
 

DOI: 10.1051/, 01022 (2017) 7103010MATEC Web of Conferences matecconf/201103

ISCEE 2016 

22

5



[5] P. Chindaprasirt, S. Homwuttiwonga and C. Jaturapitakkul, Strength and water 
permeability of concrete containing palm oil fuel ash and rice husk–bark ash, 
Construction and Building Materials, 21(7), 1492-1499, (2007) 

[6] K.Y. Foo and B.H. Hameed, Value-added utilization of oil palm ash: A superior 
recycling of the industrial agricultural waste, J. of Hazardous Materials, 172(2–3), 523-
531, (2009) 

[7] S. Rafat, Utilization of silica fume in concrete: Review of hardened properties, J. 
Conservation and Recycling, 55(11), 923-932, (2011) 

[8] S.H. Adnan, I.A. Rahman, H.M. Saman and F.V. Riza, Pozzolanic properties of 
micronized biomass silica in enhancing compressive strength and water permeability of 
concrete, Modern Applied Science, 6(11), 1-8, (2012) 

[9] Z. Jamellodin, M.S. Hamidah, S.H. Adnan, N.S. Mohammad, W.Y. Wan Yusof, 
Compressive and flexural strength of fine grained mortar containing rice husk ash: A 
review, Advanced Materials Research, 1051, 757-762, (2014)  

[10] N.E. Zainal Abidin, M.H. Wan Ibrahim, N. Jamaluddin, K. Kamaruddin, A.F. Hamzah, 
The effect of bottom ash on fresh characteristic, compressive strength and water 
absorption of self-compacting concrete, Applied Mechanics and Materials, 660, 145-
151, (2014) 

[11] M.A. Majid, M.A. Mohd Hishammudin, N.A.A. Hamid, Z. Jamellodin and N. Salleh,  
Tensile properties of treated and untreated paddy straw fiber using sodium hydroxide 
strengthened with polypropylene resin, MATEC Web of Conferences, 47, 01019 
(2016) 

[12] N. Jamaluddin, A.F. Hamzah, M.H. Wan Ibrahim, R.P. Jaya, M.F. Arshad, N.E.Z. 
Abidin and N. H. Dahalan,  Fresh properties and flexural strength of self-compacting 
concrete integrating coal bottom ash, MATEC Web of Conferences, 47, 01010 (2016) 

[13] A.F. Hamzah, M.H.W. Ibrahim, N. Jamaluddin, R.P. Jaya, M.F. Arshad and N.E.Z. 
Abidin, Fresh characteristic and mechanical compressive strength development of self-
compacting concrete integrating coal bottom ash as partial fine aggregates replacement, 
Int. J. of Mechanical and Mechatronics Engineering, 15(4), 61-67, (2015) 

[14] S.N. Mokhatar, J. Hadipramana, S.N. Mohd Isa and M.M. Mustafa, The potential of 
artificial polyethylene coarse aggregate (APECA) on compressive strength of concrete 
after exposed by temperatures, MATEC Web of Conferences, 47, 01005 (2016) 

[15] S. Shahidan, H.B. Koh, A.M.S. Alansi and L.Y. Loon, Strength development and water 
permeability of engineered biomass aggregate pervious concrete, MATEC Web of 
Conferences, 47, 01007 (2016) 

[16] Sato, Nobuyuki, Teruo Higa, S. Sugita and M. Shuya, Some properties of concrete 
mixed with effective microorganisms and the on-site investigation of the completed 
structures, In Proceedings of the 28th International conference, Our world in concrete 
and structures, Singapore, (2003) 

[17] S. Nobuyuki, S. Masami and S. Syuichi, Investigation on concrete rust preventive 
agents using microorganisms (mechanisms), In 29th Conference on Our World in 
Concrete & Structures, Singapore, 25-26, (2004) 

[18] J. M. Yatim, M. Ismail, W.A.W.A. Rahman and V. Y. Chiew, Performance of concrete 
containing effective microorganisms (EM) under various environments, In Joint 
Conference of 7th Asia Pacific Structural Engineering and Construction Conference, 
(2009) 

[19] Andrew, Tan Cheng Siong, Ibrahim Izni Syahrizal, and Mohd Yatim Jamaluddin, 
Effective microorganisms for concrete (EMC) admixture–its effects to the mechanical 
properties of concrete, In Awam International Conference on Civil Engineering 
(AICCE’12) Geohazard Information Zonation (GIZ’12), Penang, (2012) 

    
 

DOI: 10.1051/, 01022 (2017) 7103010MATEC Web of Conferences matecconf/201103

ISCEE 2016 

22

6



[20] N. Ismail and M.S. Hamidah, Microstructure examination and strength characteristics 
of effective microbed cement, International Conference on Biological, Civil and 
Environmental Engineering, Dubai, UAE, (2014) 

[21] N. Ismail, M.S. Hamidah, H. Jelani, H. Mansor and M.J. Mohd Faizal, The studies on 
the effect of molasses in effective microbed cement paste, International Conference on 
Agriculture, Environment and Biological Science, Antalya, Turkey,  (2014) 

[22] N. Ismail, M.S. Hamidah, H. Yusof and N. A. Adnan, X-ray diffraction (XRD) and 
thermogravimetric analysis (TGA) on microbed cement paste, Structure, Materials and 
Construction Engineering Conference, Istanbul, Turkey, (2014) 

[23] M.N. Isa, M.M. Garba, and A.L. Kawu, Influence of locally made effective 
microorganisms on the compressive strength of concrete, J. of Multidisciplinary 
Engineering Science and Technology, 3(4), 4425-4429, (2016) 

[24] M.N. Isa, M.M. Garba and N. Usman, Durability of harden concrete containing locally 
made effective microorganisms under different environmental conditions, J. of 
Engineering and Technology, 2, 1-9, (2015) 

[25] P.A. Webb and C. Orr, Analytical methods in fine particle technology, Norcross, GA, 
USA, Micromeritics Instrument Corp., (1997) 

[26] BS EN 196-3:2016, Methods of testing cement. Determination of setting times and 
soundness, BSI, (2016) 

[27] K. Watanabe, Y. Fukuzawa and S. Kawasaki, Effects of potassium chloride and 
potassium sulfate on sucrose concentration in sugarcane juice under pot conditions, 
Sugar Tech, 18(3), 258–265, (2016) 

[28] M.C.G. Juenger and H.M. Jennings, New insights into the effects of sugar on the 
hydration and microstructure of cement pastes, Cement and Concrete Research, 32(3), 
393–399, (2002) 

[29] H. Yildirim and B. Altun, Usage of molasses in concrete as water reducing and 
retarding admixtures, Indian J. of Engineering and Materials Science, 19, 421-426, 
(2012) 

    
 

DOI: 10.1051/, 01022 (2017) 7103010MATEC Web of Conferences matecconf/201103

ISCEE 2016 

22

7


