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Abstract 

Cellulose ethers (CEs) are of great importance in dry-mixed 

mortars owing to their excellent thickening effect and water 

retention capacity. In addition, they also improve the fresh 

material workability and enhance adherence to the substrate 

hence they improve the mechanical strength of the hardened 

material. The purpose of this study was to investigate the 

effect of CEs admixtures on the setting time, normal 

consistency, compressive strength and porosity of white 

Portland cement. During the study, both normal and 

modified CEs were used in dosages of between 0.1-0.5 wt. 

%. Results from the study show that CEs as admixtures 

increase the setting time and normal consistency of the 

cement pastes and for individual CEs, the normal 

consistency increases as the cellulose ether (CE) dosage 

increases. In the early stages of hydration, the cement pastes 

with CEs admixtures had lower compressive strengths 

compared to those without CEs admixtures. The 

compressive strength of the cement pastes decreased as the 

concentration of CEs increased. However, in the late periods 

of hydration, the CEs had little effect on the cement pastes’ 

compressive strength. For all samples used during the study, 

the porosity increased with increase in CE concentration. 

Keywords: Cellulose ethers; white Portland cement; 

hydration; compressive strength; porosity. 

 

INTRODUCTION 

During self-compacting concrete (SCC) mix design, it is 

important that the fresh concrete is stable enough. 

Homogeneity of the freshly made mix is key and the amount 

of bleed water must be low. In SCC or concrete that is 

highly flowable, the closeness of cement grains is not high 

enough hence the network formed is not stable and cannot 

sustain gravitational forces [1, 2].Consequently, these types 

of mixes can easily be affected by bleeding. To inhibit 

bleeding, admixtures like cellulose ethers, welan gum or 

superabsorbent polymer or are used [1, 3-5] since they 

contribute to an increase in water retention properties of the 

fresh concrete mix. 

Cellulose ethers are of great importance in dry-

mixed mortars owing to their excellent thickening effect and 

water retention capacity [6-8], and they also improve the 

fresh material workability and enhance adherence to the 

substrate thereby improving the mechanical strength of the 

hardened material. However, CEs may slow down the 

cement hydration process. Studies indicate that there is no 

significant degradation of the CE during hydration [9, 10] 

hence the hydration delay mechanism brought about by CE 

cannot be explained due to the influence of hydroxyl 

carboxylic acids produced during their degradation in 

alkaline conditions.  

Non-ionic CEs are mainly used in dry-mixed mortar and 

they include: methyl cellulose (MC), hydroxyethyl methyl 

cellulose (HEMC), hydroxyethyl cellulose (HEC) and 

hydroxypropyl methyl cellulose (HPMC). The structures of 

some of CEs are shown in Fig.1. These admixtures, 

depending on their concentration, form different-sized CE 

aggregates [11]. Cellulose ethers are water-soluble but 

normally, when dispersed in water at room temperature, lead 

to formation of lumps due to hydrophobic interactions [11-

13].  

 

 

 

mailto:tumwet2@gmail.com


International Journal of Applied Engineering Research ISSN 0973-4562 Volume 12, Number 10 (2017) pp. 2502-2508 

© Research India Publications.  http://www.ripublication.com 

2503 

 

Figure 1. Structure of CEs: a - HPMC, b - HEMC, c - HEC 

(Patural et al., 2011) 

 

The pore plugging of the particles brings about a reduction 

in the water transport characteristics of the cement matrix. 

The aggregates’ sizes increase with the dosage of the CE 

and these sizes may be as small as 0.1 microns [11, 13].This 

occurrence  is predominant when the dosage of the polymer 

is greater than overlap concentration (critical dosage) [14, 

15]. 

The cement hydration in the early stages is thought to be 

retarded by adsorption that occurs between the CE and 

products of hydration. The adsorption takes place at the 

interface of the OH group of the CE and the metal 

hydroxides on the hydration products’ surface [8].At low 

concentrations of HEMC (≤6 g/L),water sorption 

predominates as the water retention mechanism while at 

concentrations above 6 g/L, the water sorption mechanism is 

supplemented by the formation of associated networks of 

polymer, whose effectiveness in water retention within the 

cementitous matrix is high [16].  

Singh, et al. [17] , used HEC and oxalic to investigate their 

effect on hydration. In this case HEC facilitates retardation 

while oxalic acid acts as an accelerator of hydration. As 

hydration products, HEC and oxalic acid interact, formation 

of new phases occurs. As a result, stronger bonds and pores 

develop, and therefore seal the resulting product. This in 

turn, leads to a decrease in water absorption in comparison 

with ordinary Portland cement [17]. 

The setting time of the cement pastes is normally increased 

while the cement hydration is retarded when CEs are used 

[3, 8, 10, 17-22]. The molecular weights of CEs are 

important factors in cement hydration retardation. HEC, in 

comparison with MC and HPMC, commonly bring about a 

higher delay [9, 23, 24]. For HPMC and HEMC, the key 

parameter that induces the delay is the methoxyl content, 

and the as the methoxyl group content decreases, the 

retardation time increases. However the hydroxypropyl 

content and the molecular mass have a minimal effect on 

hydration retardation [21]. 

Research has been carried out on the influence of various 

cellulose ethers on the properties of ordinary Portland 

cement, but there has been less focus on how cellulose 

ethers affect the properties coloured cements. The purpose 

of this study therefore was to investigate the effect of 

cellulose ethers as admixtures on the normal consistency, 

setting time, compressive strength and porosity of white 

Portland cement by using different concentrations of the 

cellulose ethers. 

 

MATERIALS AND METHODS 

Characteristics of the cement and CEs used 

During the study, CIMSA (EN 197-1 CEM I 52.5 N) white 

Portland cement was used. The physical properties, 

chemical composition and mineral composition of the 

cement are presented in Tables 1, 2, and 3 respectively.  

Table 1: Physical properties of the cement used. 

Property Units Value 

Whiteness % 85.2 

Specific surface area cm2/g 4420 

Sieve residue on 0.045 mm % 0.8 

Sieve residue on 0.09 mm % 0.1 

 

Table 2: Chemical composition of the cement used. 

Compound/Component Formula wt.% 

Lime CaO 65.49 

Silica SiO2 21.49 

Alumina Al2O3 4.12 

Iron Oxide Fe2O3 0.21 

Magnesium Oxide MgO 1.13 

Sodium Oxide Na2O 0.2 

Potassium Oxide K2O 0.43 

Titanium Oxide TiO2 0.13 

Chloride Cl-1 0.009 

Chromium Cr,(+6) 0.86 

Sulfate SO3 3.61 

Loss on ignition L.O.I 3.28 

Insoluble residue  0.14 

 

Table 3: Mineral composition of the cement used. 

Chemical name Chemical 

Formula 

Notation Wt.% 

Alite  3CaO.SiO2 С3S 54.65 

Belite  2CaO.SiO2 C2S 25.6 

Tricalcium 

Aluminate 

3CaO.Al203 C3A 11.56 

Tetracalcium 

Aluminoferrite 

4CaO.Al203. 

Fe203. 

C4AF 0.7 
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Normal and modified methylcellulose with different average 

particle sizes, viscosities and moisture contents were used as 

admixtures. The CEs were purchased from Hercules Inc. 

(Ashland Inc.). Table 4 shows the main properties of the 

CEs used during the study. For the purpose of this study, the 

normal methylcellulose ethers are designated as MC01, 

MC02 and MC03 while   hydroxypropyl methyl cellulose 

and hydroxyethyl methyl cellulose as HPMC and HEMC. 

Table 4: Properties of CEs admixtures used. 

Designation Average particle 

Size, microns 

Viscosity of 

2wt.% 

solution, 

mPa.s 

Moisture 

content, % 

MC01 225 7000 2.2 

MC02 188 7000 2.6 

MC03 295 6000 2.6 

HEMC 274 7000 1.9 

HPMC 186 7500 1.5 

 

Preparation of cement and mixing with CEs: 

The cement was first mixed with red pigment (minium ore, 

5 wt.%) and then with CEs in  dosages of between  0.1 - 0.5 

wt. %.The structural compositions of CEs with close 

molecular weight values were chosen since molecular 

weight plays a significant role on their properties.There is a 

direct correlation between the value  of the molecular weight 

and viscosity of the CE. The viscosity values of 2 wt. % 

solution of the CEs (according to Brookfield RVT at 20С) 

used are presented in Table 4. 

 

Normal consistency and setting time of the cement pastes: 

The setting time and normal consistency of the cement 

pastes were determined using Vicat apparatus. To determine 

the normal consistency of the cement paste, 20g of cement 

was weighed and placed in a porcelain cup, 12 cm in 

diameter. A deepening was then made in the cement and a 

measured amount of water was poured into the deepening 

after which the cement and water were mixed for 2 minutes 

with the help of a spoon. The Vicat mold was placed on a 

non-porous plate and filled with the cement paste. The mold 

was shaken slightly in order to expel the air.  

The normal consistency was taken to be the amount of water 

neededto make the standard consistency, which permitted 

the plunger to penetrate to a point 5 to 7 mm from the 

bottom of the mold. The initial setting time was taken to be 

the time interval of water addition to the cement and 

penetration failure of 1 mm needle on the cement paste. The 

final setting time was taken to be the time interval of water 

addition to the cement and the penetration of 1 mm needle 

on the cement paste, while the annular attachment failed to 

make an impression. 

 

Preparation and curing of samples : 

The cement pastes for all samples were tested for both 

tensile and compressive strengths. The mold size used was 

10 x 10 x 30 mm. For each sample, the cement paste of 

normal consistency was placed in the mold, pre-lubricated 

with a small amount of lubricating oil. It was then 

compacted on a vibrating platform for about 2 minutes after 

which their surfaces were trimmed using a knife to be level 

with the mold edges. The samples in the molds were then 

placed in air-humid conditions (desiccator) and unpacked 

after 24±1 hours after which they cured at a temperature of 

between 21-22 °C and relative humidity   

.The strength tests were conducted after 1,3,7,14 and 28 

days of hardening. 

 

RESULTS AND DISCUSSION 

Influence of CEs on the setting time and normal 

consistency of the cement pastes: 

The experimental data of the normal consistency and setting 

time of the pastes is presented in Table 5 while the setting 

time of the pastes that contained 0.5 wt. % CEs admixture 

are shown in Fig.2. 

Table 5 : Normal consistency and setting time of the cement 

pastes. 

Admixture Wt.% Normal 

consistency 

(%) 

Initial setting 

time (minutes) 

Final 

setting 

time 

(minutes) 

Without 

CE 

– 32 75 120 

МC01 0.1 33 84 155 

0.3 33 93 160 

0.5 34 105 173 

МC02 0.1 33 78 134 

0.3 34 82 143 

0.5 34 90 157 

МC03 0.1 33 99 171 

0.3 34 111 190 

0.5 35 120 210 

HEMC 0.1 33 95 151 

0.3 33 98 163 

0.5 33 107 176 

HPMC 0.1 33 79 125 

0.3 33 81 131 

0.5 34 84 136 
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Fig.2. Cement pastes setting time with 0.5 wt. % CEs admixture 

 

From the results presented in Table 5, CEs as admixtures 

increase the normal consistency and the setting time of the 

cement pastes, i.e. they slow down the hydration process. 

For individual CEs, the normal consistency increases as the 

concentration increases from 0.1 wt. % to 0.5 wt. %, with 

exception of HEMC. The highest normal consistency (35%) 

was achieved when 0.5 wt. % MC03 was used. 

Consequently, the highest   initial setting time      (120 min) 

and final setting time (210 min) was observed when 0.5 wt. 

% MC03 was used as can be seen in Fig.2.This observation 

could be due to the lower viscosity and higher average 

particle size of MC03 compared to the others CEs used 

during the study.  

 

Effect of CEs on the compressive strength of hardened 

cement pastes: 

The compressive strength of hardened cement pastes with 

addition of 0.1, 0.3, and 0.5 wt. % CEs are presented in 

Fig.3, 4, and 5 respectively. 

 

 

Figure 3. Cement pastes compressive strength with 0.1 wt. % CEs 
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Figure 4. Cement pastes compressive strength with 0.3 wt. % CEs 

 

 

 

Figure 5. Cement pastes compressive strength with 0.5 wt. % CEs 

 

The results show that on the first day of hydration, the 

cement pastes strength characteristics without the use of CEs 

admixture are slightly higher than those with CEs admixture 

use. This difference in compressive strength on the first day 

of hydration becomes more significant as the concentration 

of CEs increases. In the subsequent periods of hydration, the 

compressive strength characteristics were almost the same 

expect for MC03 (0.5wt. %) admixture in which case the 

strength is extremely low. The highest compressive strength 

value (81MPa) after 28 days of hardening was achieved with 

the use of 0.1 wt.% MC02 as admixture.  

It was also observed that, for all samples with MC02, MC03 

and HEMC admixtures, the compressive strength of the  

cement pastes after 28 days of hardening decreased with 

increase  in CEs concentration  from 0.1- 0.5 wt.%.For the 

samples with MC01 and MC03 use as admixtures, the 

compressive strength was highest with 0.3 wt.% admixture 

concentration. The cement pastes strength with 0.1 wt.% 

CEs  use, after 28 days of hardening, was higher in all 

samples (except with MC01 use)  than  for the cement paste 

without CE admixture. 
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Influence of cellulose ethers on the porosity of hardened 

pastes: 

The porosity of hardened cement pastes was determined for 

different concentrations of the CEs after 28 days of 

hardening. The porosity of samples with the use of various 

concentrations of CEs are presented in Table 6.  

 

Table 6 : Porosity of the cement pastes after 28 days of 

hardening 

Admixture Wt.% Porosity, 28 days 

Without CEs - 18 

MC01 0.1 19 

0.3 19 

0.5 20 

MC02 0.1 19 

0.3 20 

0.5 22 

MC03 0.1 18 

0.3 20 

0.5 24 

HEMC 0.1 18 

0.3 19 

0.5 21 

HPMC 0.1 18 

0.3 22 

0.5 19 

 

The results presented in Table 6 indicate that with increase 

in the concentration of CEs, the porosity slightly increases. 

The highest porosity (24 %) was achieved when 0.5 wt. % 

MC03 was used. This probably is because MCO3 has a 

higher average particle size and lower viscosity compared to 

the other CEs used during the study. 

 

CONCLUSION 

The motivation   behind this study was to understand the 

how CEs influence the properties white Portland cement. 

The properties of the cement pastes analyzed were: 

compressive strength, setting time, normal consistency and 

porosity. The cement pastes contained various types of CEs: 

HPMC, HEMC and MC, at concentrations of 0.1 %, 0.3% 

and 0.5% by mass of dry cement pastes, and reference 

cements pastes without CEs. 

It was found that CEs as admixtures increase the setting time 

and normal consistency of the cement pastes, i.e. they slow 

down the hydration process. For individual CEs, the normal 

consistency increases as the concentration increases. The 

retardation of the hydration process by CEs was evident 

since in the early stages of hydration, the cement pastes with 

CEs admixtures had lower compressive strengths compared 

to the pastes without CEs admixtures. The compressive 

strength of the cement pastes was much lower as the 

concentration of CEs increased. However, in the late periods 

of hydration, the CEs had little influence on the compressive 

strength of the cement pastes. All the CEs in concentrations 

of 0.1-0.3 wt. % yielded strength characteristics that slightly 

differed from the hardened cement pastes without the CEs. 

However, at concentrations of CEs above 0.3 wt. %, the 

strength of the cement pastes began to fall. 

The results show that CEs have an influence on the porosity 

of the cement pastes. For all samples used in the study, the 

porosity increased as the concentration of the CEs increased. 

The increase is more significant when CEs with lower 

viscosities and higher average particle sizes are used. There 

is an indication that cellulose ether aggregates form and 

therefore plug a portion of the porosity of the cement 

particles, which subsequently leads to an increase in 

viscosity with the use of CEs as admixtures. 
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