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1. Introduction 

n oil well cementing, the cement slurry pumped down 

the hole and seal off the annular space between the 

casing and the wellbore to form a continuous and 

competent cement sheath, segregate the producing 

formation, prevent the undesirable fluid migration and 

produce oil /gas safely and economically. The main 

objective of the cementing is to provide structural support 

to the casing strings, protect casing strings from corrosion 

and sealing off thief zones. Oil well cementing operations 

may be commenced to set a plug in an existing well for 

abandonment or to push off with directional tools. 

It is essential for an oil industry that Portland cements must 

often meet the wellbore requirements, that can only be 

accomplished by the admixing the different chemical 

compounds or additives. These additives can include 

accelerators, retarders, extenders, weighting agents, 

dispersants and fluid loss control agents. The number of 

additives in cement slurries increases the operational cost 

of cementing and incompatible with wellbore conditions. 

Therefore, it is necessary to use multifunctional additives 

that reduce the operational cost as well as quantities of 

additives in cement slurries. 

During cementing job, several attempts are made to 

maintain the key characteristics of cement slurry. However, 

wide range of polymers is being used in the industry to 

mitigate the thermal degradation problem. Different classes 

of agents, including polymers, are used to boost the slurry 

properties, depending on the application of the well 

cement. Polymers are also served as fluid loss agents as 

well as gas migration control agent during cementing job. 

When cement slurry is pumped under pressure through 

permeable formation, water tends to leave the slurry in the 

permeable formation, particularly when the pumping has 

stopped and the slurry is static, but not yet set. If it is not 

controlled at the time of job, the rheology, thickening time 

and density of the cement slurry will change which in result 

to failure of cement job. 

Polymers have been added in slurry to maintain and 

improve the API properties, including viscosity, thickening 

time, density, reduction in strength retrogression and 

cement rheology. Mostly of the polysaccharides and their 

additives are used as versatile additives in cement slurry 

and such polymers have a number of restrictions at high 

temperatures, because polysaccharides can not maintain 

adequate viscosity in slurry, resulting in fluid loss, gas 

migration and increased cement operation cost. It is 

therefore essential to use such types of cellulose polymers 

in cement slurry which can increase the viscosity of cement 

slurry at high temperatures and to avoid loss of fluid, gas 

migration via cement slurry, maintain cement slurry 

rheology and reduce the risk of cementing failures. 

Cellulose-based polymers such as Hydroxyethylcellulose, 

Carboxymethyl cellulose (CMC), Hydroxypropylmethyl 
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cellulose (HPMC), Carboxymethyl hydroxyethyl cellulose 

(CMHEC) and Hydroxypropyl guar (HPG) are widely used 

as a multipurpose additive in the slurry, and thus it reduces 

the quantity of other materials/agents in cement slurry and 

eventually reduces cement operating cost. In this study, a 

cellulose based polymer Hydroxypropyl methylcellulose 

(HPMC) polymer is added in cement slurries. HPMC is 

water soluble polymer and acts as thickener, film former, 

water retention agent and surfactant at high temperature. 

HPMC is stable at high temperature due to thermal gel 

behavior and behaves as viscosifying agent in cement 

slurry. In order to evaluate the performance of HPMC 

polymer- based cement slurries, the rheological properties 

are determined at ambient and 100 oC temperature. 

2. Methodology 

In this study, HPMC based cement slurries with 3 wt% 

concentration of polymer solution are prepared according 

to API recommended procedure for experimental analysis. 

2.1 Material selection 

Cement slurries are prepared by mixing class G cement, 

distilled water, conventional additives and HPMC polymer 

solution. Cement slurry ingredients are given in table.1. 

Table.1. Cement slurry materials 

S.No Additive name  Function 

1 Class G cement Base ingredients 

2 Distilled Water Used to form cement slurry 

3 Dispersant To reduce the slurry viscosity 

4  HPMC Thickener & viscofying agent. 

5 Retarder 
To increase the setting time of 

slurry. 

6 Defoamer 

To prevent the formation of 

foam during slurry 

preparation. 

 

2.2 Preparation of cement slurry 

Each material describes in section 2.1 weighted by 

electronic balance. Then, cement and additives were mixed 

uniformly before mixing the distilled water. Mixture of 

cement and additives are then blended by mixing distilled 

water and polymer solution in a speed blender for 50 -60 

seconds at room temperature. The slurry density is reported 

as 15.8 ppg by mud balance. 

2.3 Laboratory experiments 

The various tests were conducted to evaluate the 

rheological properties of polymer-based cement slurries 

according to API recommended testing procedures. List of 

utilized equipment to achieve the objectives is given in 

table.2. 

Table.2. List of Utilized Equipment 

S.No 
Equipment Utilization 

1 
Mud Balance 

To determine density of a 

slurry. 

2 

Speed Mixture 
To prepare and mix the cement 

slurry. 

3 
Atmospheric 

Consistometer 
To preheat the cement slurry. 

4 
Rotational 

Viscometer 

To determine the rheology of 

cement slurries. 

 

2.3.1 Conditioning of Cement Slurry 

The conditioning of the slurry is very important for the 

determination of rheological properties. Therefore, it is 

mandatory to preheat the cement slurries at 100 0C using 

Atmospheric Consistometer as specified in API 

Specification 10B. 

Figure.1. Atmospheric Consistometer 

Test Procedure 

• The cement slurry is prepared according to API Spec 

10B. 

• Fill sample cup with slurry up to prescribed line. 

• Place the slurry cup into the temperature-controlled 

water bath. 

• Turn the main switch ON and then turn the MOTOR 

and HEATER switches ON. 

• Temperature must be setup at 100oC. 

• Turn the “Heat” and “Motor” switches off after 

conditioning of cement slurry.  

• Remove the test cells after cooling and clean the unit. 
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2.3.2 Rheology of Cement Slurry 

Determination of rheological properties of cement slurry is 

done with rotational viscometer. In this research Model 800 

of OFITE manufacturer was used at various conditions.It is 

widely used in oil industry for measurement of rheological 

properties. There is speed controlling knob at top of the 

equipment which helps to control RPM without stopping 

the motor. In addition, there is also a magnified glass dial 

on other end of surface of equipment which displays shear 

stress values for reading. Testing speeds (shear-rates in 

RPM) are given as; 3 (Gel), 6, 30, 60, 100, 200, 300, and 

600. A higher stirring speed is also provided. 

Figure.2. Rotational Viscometer 

Test Procedure 

a) Measuring Viscosity 

• Place the sample cup filled with cement slurry. 

• The slurry should be blend for 10 seconds on the 

“STIR “position and check the temperature. 

• Switch the speed knob to 600 RPM. Note the 

reading when dial stabilizes. 

• Switch the speed knob to 300 RPM. Record the 

reading when dial stabilizes. 

b) Measuring Gel Strength 

• Stir the cement slurry for 10 seconds. 

• Adjust the speed knob to 3 RPM “GEL” and turn 

off the power. 

• As rotation of sleeve stops/ends, after 10 seconds, 

power should be turn on. Maximum deflection is 

to be noted prior to breaking of gel. This would 

be the 10 seconds gel strength of sample. 

• However, 10 minutes wait is required for 10 

minutes gel strength. Same procedure must be 

followed for various times readings. 

 

 

3. Results and Discussion 

The rheological properties of cement slurries such as 

plastic viscosity, yield point and gel strength (initial and 

final) are determined at room temperature and 100oC. The 

aim of conducting the test of rheology at ambient 

temperature is to observe the effect during pumping the 

slurry from surface. However, the scope of this research is 

to observe the effect of HPMC polymer on cement 

rheology at 100oC temperature.  

3.1 Formulation of HPMC Based Cement Slurry 

 

The cement slurries were prepared according to API 

criteria. The designed cement slurries contain different 

additives and HPMC polymer solution. The formulation of 

HPMC based cement slurries is given below in Table.3. 

 

Table.3. Formulation of HPMC Based Cement Slurries 

Slurry 
Cement 

BWOC 

Foaming 

agent    

gps 

Dispersant 

gps 

Retarder 

gps 

HPMC 

Gps 

1 100 0.10 - - 0.10 

2 100 0.10 - - 0.20 

3 100 0.10 - - 0.30 

4 100 0.10 - - 0.40 

5 100 0.10 0.30 0.20 0.40 

6 100 0.10 0.40 0.20 0.50 

7 100 0.10 0.50 0.20 0.60 

8 100 0.10 0.60 0.20 0.70 

9 100 0.10  0.20 - 

 

3.2 Rheology of HPMC Based Cement Slurries 

 

The rheological properties of cement slurries such as 

plastic viscosity, yield point and gel strength (initial and 

final) were determined. The results of 3 wt % HPMC based 

cement slurries are shown in Table.4. 
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Table.4. Rheology of HPMC Based Cement Slurries 

Slurry 

HPMC 

Concentratio

n (gps) 

Temperat

ure ⁰C 

Rheology 

PV 

cP 

YP 

1b/100

ft2 

10 Sec 

Gel 

Streng

th 

lb/100 

ft2 

10 min 

Gel 

Streng

th 

lb/100 

ft2 

1 0.10 

Room 

Temp: 
127 21 42 57 

100 ⁰C 86 09 29 42 

2 0.20 

Room 

Temp: 
132 23 49 62 

100 ⁰C 95 15 37 55 

3 0.30 

Room 

Temp: 
139 27 56 69 

100 ⁰C 103 20 44 58 

4 0.40 

Room 

Temp: 
142 29 63 77 

100 ⁰C 109 23 53 67 

5 0.40 

Room 

Temp: 
128 24 51 69 

100 ⁰C 90 15 45 59 

6 0.50 

Room 

Temp: 
116 19 42 55 

100 ⁰C 75 10 37 46 

7 0.60 

Room 

Temp: 
107 14 35 49 

100 ⁰C 59 08 32 43 

8 0.70 

Room 

Temp: 
93 09 33 44 

100 ⁰C 47 07 24 37 

9 - 

Room 

Temp: 
120 16 30 62 

100 ⁰C 79 05 14 30 

 

3.2.1 Plastic Viscosity 

In this study, the plastic viscosity of HPMC based cement 

slurries 1- 9 are measured at room temperature and 100oC. 

Experimental results showed that plastic viscosity of 

HPMC based cement slurries increased with increase in 

concentration of HPMC solution at 100oC as shown in 

figure 3. Cement slurry-4 with 0.40 gps concentration of 

HPMC showed maximum plastic viscosity of 109 cP at 

100oC. The high viscosity of HPMC polymer solution 

increases the pressure drop of cement slurry and it will 

require high pump pressure for displacement of cement 

slurry. Therefore, the small quantity of dispersant is added 

in cement slurries 5 to 9. The dispersant additive reduces 

the friction and improved the flow properties. Hence, 

plastic viscosity of slurry- 8 with 0.70 gps HPMC soluion 

is 47 cP at 100 ⁰C whereas; plastic viscosity of slurry-9 is 

79 cP without polymer solution. 

  

Figure.3. Plastic Viscosity v/s HPMC based cement slurries 

 

3.2.2 Yeild Point 

The investigation of yield point is essential in the overall 

study of slurry flow properties. Yield point affects the start-

up pressure after a temporary shut-down. The yield point of 

cement slurries must be optimum to transport the cement 

slurry in the annulus because minimum energy is required 

to initiate flow. Experimental results of HPMC based 

cement slurries showed that the yield point is increasing 

with increase in concentration of HPMC solution at 100 ⁰C 

as shown in Figure.4. 

 

Figure.4. Yeild Point v/s HPMC based cement slurries 

 

3.2.4 Gel Strength 

The gel strength is measured at low shear rate after 

slurry has set quiescently for a period of time 10 seconds 

and 10 minutes according API procedure. Gel strength is an 
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important parameter interrelated to annular fluid migration. 

It is the measure of attractive forces between the particles 

in a fluid under static conditions. The experiments results 

showed that as the concentration of HPMC solution (3 

wt%) is changed from 0.10 to 0.40 gps, the gel strength 

increased  from 29 lb/100 ft2 to 53 lb/100 ft2 for a time of 

10 seconds at 100⁰C temperature as shown in Figure.5. 

 

Figure.5. 10 sec: Gel Strength v/s HPMC based cement 

slurries 

 

Similarly, gel strength of slurries is determined at 10 

minutes. Experiments showed that as the concentration of 

HPMC solution (3 wt%) is changed from 0.10 to 0.40 gps, 

the gel strength increased from 42 lb/100 ft2 to 67 lb/100 ft2 

at 100⁰C temperature as shown in Figure.6. Afterthat the 

dispersant additive was added in slurries 5-8 to maintain 

the gel strength. 

 

 
Figure.4. 10 min: Gel Strength v/s HPMC based cement 

slurries 

4. Conclusion 

Rheology has effect on the flow behavior of cement slurry. 

The rheology of cement slurries are determine at 100 oC 

temperature and found the rheological parameters such as  

plastic viscosity, yield point and gel strength increased with 

rise in HPMC concentration. HPMC polymer belongs to 

cellulose family that has long chain branch and high gel 

strength. The plastic viscosity and yeild point of cement 

slurries must be optimized to remove the mud and easily 

pumped in downhole. High value of plastic viscosity may 

create problem during pumping stage. Therefore, the 

dispersant was used in the slurries 5-8 for reducing the 

friction and enhances the slurry flow properties. HPMC 

based cement slurries showed that the HPMC polymer is 

good candidate for improving rheology of cement slurries 

at 100 ⁰C. Hence, it is concluded from experimental study 

that HPMC polymer works as multifunctional additive in 

cement slurry that overcome the effect of temperature on 

rheology. 

5. Nomenclatures 

HPMC = Hydroxypropyl methylcellulose 
P.V = Plastic Viscosity 
Y.P = Yield Point  
Ppg = Pounds per gallon 
Gps = gallon per sack 
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