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ABSTRACT 

The contamination of cement is a major concern in the oil and gas drilling and cementing operations. The integrity 

of oil and gas wells can be affected by poor zonal isolation due to inadequate mud removal, excessive mud filter cake 

formation and contamination of cement slurry by mud. Poor cementing can lead to detrimental effects such as blowout 

which may result in loss of lives and huge monetary losses. The use of geopolymer cement has gained popularity in recent 

years due to its enhanced cementitious properties compared to the conventional Ordinary Portland Cement (OPC) and its 

ability to reduce the production of greenhouse gasses. Although studies have been conducted to compare the cement 

properties of geopolymer cement and OPC, the practical aspects in terms of oil well cementing such as drilling mud 

contamination effects on geopolymer cement is yet to be studied in detail. In this study, the contamination effects of 

synthetic based drilling mud (SBM) on Class F Fly Ash based geopolymer cement with densities of 11 ppg, 13 ppg and 15 

ppg, were investigated at temperature and pressure of 65 °C and 3000 psi respectively. In all three cases, the compressive 

strength of the fly ash based geopolymer cement reduces as the drilling mud contamination percentage increases. However, 

the experimental findings suggest that the 13 ppg geopolymer cement slurry formulation is the optimum formulation for 

the lowest strength reduction at 15% contamination of drilling mud. Besides that, the fluid loss tests indicate that the fluid 

loss decreases as the drilling mud contamination percentage increases for all densities of geopolymer cement studied. This 

trend suggests that lesser additives would be required to control fluid loss during oil well cementing operations using 

geopolymer cement if mud contamination percentages are high. The conclusion of this study supports the usage of Class F 

Fly Ash based geopolymer cement for oil well cementing applications. 
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1. INTRODUCTION  

In oil and gas operations, the primary purpose of 

cement is as an impermeable seal material. Oil well 

cementing functions as a seal between the casing and the 

wellbore. Some of the other functions of oil well 

cementing is to prevent the migration of formation fluid 

from the formation to subsequent sections in the well or 

surface through the space between the casing and the 

borehole, protect the casing from corrosive formation fluid 

and to support the casing. Proper cement job is necessary 

to protect the environment and to produce hydrocarbons in 

a safe manner without compromising the safety of the 

personnel at site and the environment. However, the 

cement sheath placed in the annulus between the casing 

and the wellbore loses its integrity over time as 

hydrocarbons are produced due to material degradation, 

change in stresses on the cement sheath and thermal loads. 

In addition, the wellbore integrity can also be affected 

during the pre-production phase due to incomplete mud 

removal which contaminates the cement pumped 

downhole.  

During oil and gas cementing operations, spacers 

and wiper plugs are used to avoid the contamination of 

cement by the leftover drilling mud. However, both the 

options will leave some traces of drilling mud in the 

borehole which contaminates the cement slurry pumped 

downhole. The contamination of cement slurry by the 

leftover drilling mud may change the properties of the 

cement. A study on the cement contamination showed that 

the compressive strength of the conventional oil well 

cement can reduce the compressive strength up to 60% of 

its original strength at 15% contamination percentage [1]. 

In addition, the thickening time may also reduce as a result 

of cement contamination. The reduction in thickening time 

will result in the hardening of cement at the wrong depth 

which can cause wellbore integrity issues. Besides that, 

the cement contamination may also lead to slurry 

pumpability issues. Increasing the pump pressure will only 

increase the risk of fracturing the formation especially for 

narrow drilling window cases.  

Most of the well cementing operations have been 

done using conventional OPC ranging from API Class A-J 

depending on their intended use [2, 3]. With an increase in 

the awareness towards global warming, researches are 

looking for an alternative green cement to replace the 

conventional OPC. This is mainly due to the release of 

approximately 1 tonne of CO2 for the production of one 

tonne of OPC [4]. Besides the adverse effect on the 

environment, wellbore integrity issues have also been 

increasing. Tens of thousands of wells have been faced 

with gas leakage at surface due to cement shrinkage [5]. In 

addition, it was also reported that 4.6% of the wells in 

Canada have been abandoned due to leakage and 81% of 

the leaks are due to cementing which done using API class 

G and H cements [6].  

Geopolymer cement can be defined as an organic 

binder which is polymerized from silica and alumina reach 

materials. The geopolymerization process involves rapid 

chemical reaction between silica and alumina minerals in 

an alkaline environment. The geopolymerization reaction 
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would result in a three dimensional polymeric chain with a 

ring structure consisting of Si-O-Al-O bonds [7]. 

According to Duxson et al. [8] the production of 

geopolymer cement produces less carbon dioxide 

compared to OPC but has superior qualities to OPC. 

Geopolymer cement has been identified as a possible 

replacement for the conventional OPC but its suitability 

for oil well cementing application is still being studied. 

Some of the key cement properties to analysed to study the 

potential of replacing OPC with geopolymer cement for 

oil cementing operations include compressive strength, 

chemical durability, permeability and cement shrinkage. 

Research has shown that geopolymer cement has superior 

qualities for compressive strength [3, 9-11], durability 

[12], permeability[6, 13] and cement shrinkage [5, 14, 15] 

in comparison to geopolymer cement. In a review 

conducted to study the suitability of geopolymer cement 

for oil well cementing applications by Kanesan et al. [16], 

it was found that geopolymer cement has an edge over the 

conventional OPC for both short and long term 

performance whilst ensuring wellbore integrity throughout 

the production years. 

However, the contamination effects of drilling 

mud on geopolymer cement is yet to be studied in detail. 

This study aims to identify the properties of geopolymer 

cement which are effected by contamination of Synthetic 

Based Mud (SBM). In addition, Class F Fly Ash based 

geopolymer is used in this study as it is superior in terms 

of cementing properties[7] and provides a better waste 

management solution compared to the other classes of fly 

ash [3, 14, 17].   

 

2. MATERIALS AND METHODS 

This section focuses on the formulation and 

preparation of Class F Fly Ash based geopolymer cement 

and SBM. In order to test the contamination effect of 

drilling fluid (SBM) with Class F Fly Ash geopolymer 

cement, a total of 12 cement samples consists of different 

density (11ppg, 13ppg, and 15ppg) are mixed to reflect 

low, medium, and high cement slurry density used in real 

drilling operation. Table-1 illustrates the sample density 

and the respective contamination percentage. The mud 

volume that is mixed with cement slurry are 5%, 10% and 

15% respectively which is then sheared together with the 

geopolymer cement to make it homogenous. The density 

of the cement slurries was measured using a mud balance. 

In order to expel the airinside the container, a small 

amount of cement was allowed to overflow from the 

pinhole of the lid. The riderat of the mud balance was then 

adjusted until it was on level with the balance before the 

reading was taken. 

The cement slurries are then cured and tested at 

3000 psi and 65 °Cto mimic typical oil well conditions. 

 

 

 

 

 

 

Table-1. Sample description according to the density and 

contamination percentage. 
 

Sample No 
Sample density 

(ppg) 

Contamination 

percentage (%) 

1 11 0 

2 11 5 

3 11 10 

4 11 15 

5 13 0 

6 13 5 

7 13 10 

8 13 15 

9 15 0 

10 15 5 

11 15 10 

12 15 15 

 

2.1 Formulation of Class F Fly Ash based geopolymer  

      cement and SBM 

The sample of the Class F Fly Ash based 

geopolymer was tested under X-Ray Fluorescence (XRF) 

and the composition of the cement is illustrated in Table-2. 

The chemicals used to formulate fly ash based geopolymer 

cement in the experiments conducted in this research were 

class F fly ash, sodium silicate (Na2SiO3), sodium 

hydroxide (NaOH) and water (H2O). The density of the 

slurries was manipulated by changing the Na2SiO3 / NaOH 

ratio and the fly ash/Na2SiO3 ratio respectively whilst 

maintaining the molarity of NaOH used at 10M.The fly 

ash/Na2SiO3was set to 0.4 to achieve the density of 15ppg 

and subsequently reduced to achieve densities of 11 and 

13 ppg according to formulation suggested in literature 

[18].  

 

Table-2. Chemical composition of the Class F Fly 

As used in this experiment. 
 

Component Percentage (%) 

SiO2 32.44 

Al2O3 12.22 

Fe2O3 23.58 

CaO 20.66 

MgO 2.35 

SO3 2.40 

 

The primary ingredients present in the SBM used 

are base oil, primary emulsifier, secondary emulsifier and 

organic soil. The composition of the SBM is formulated 

and mixed using standard mixing procedure to achieve the 

target densities of 10 ppg, 12 ppg and 14 ppg using a 

constant speed mixer. The mud densities were 1 ppg lesser 
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than the respective cement densities to reflect oil well 

cementing operations whereby slightly higher cement 

density is required to displace the drilling mud present in 

the wellbore during the drilling activity.  

 

2.2 Compressive strength test 

All the cement slurries according to the 

proportions given in Table-1 are mixed and transferred to 

the curing cell. All the samples were cured for 24 hours in 

the curing chamber at 65 °C and 3000 psi to reflect 

wellbore conditions. The samples were left at room 

conditions for 5 days to continue the curing process. 

Cement cubes were obtained from the cement mould after 

the curing process. The cement cube was then loaded in 

the compressive strength tester and the load was increased 

uniformly until it the cement cube fails.  

 

2.3 Fluid loss test 
Upon mixing the cement slurry with the 

contaminants according to the percentages displayed in 

Table 1, 400 ml of particular cement slurry is transferred 

into an aging cell. Filter paper is placed at the bottom of 

the aging cell mimicking the filter cake formation during 

drilling operations which allows filtrate to pass through 

whilst filtering solid particles. The fluid loss tester 

equipment is set up by turning on the heater and 

connecting the air pressure. Cement slurry samples are 

heated up until 65 °C and 3000 psi to simulate wellbore 

conditions. Pressure is then applied on the cell and a 

measuring cylinder is placed at the bottom of the 

equipment to measure the amount of liquid being 

produced. The cell is depressurized after a period of 4 

minutes and the total amount of fluid loss is recorded.  

 

3. RESULTS AND DISCUSSIONS 

 

3.1 Compressive strength  

The 12 samples consisting of different drilling 

mud contamination (%) as listed in Table 1 were cured 

and tested for its compressive strength. The results of the 

Unconfined Compressive Strength (UCS) test are shown 

in Tables 3, 4 and 5 for the three different geopolymer 

cement density cases. The difference between the 

compressive strength of cement contaminated with mud at 

5%, 10% and 15% percentage were also tabulated in 

comparison with the base case of 0% contamination. 

Comparing the uncontaminated samples, the findings 

suggest that higher density geopolymer cement possesses 

higher compressive strength. This is due the formulation 

of higher density geopolymer cement slurry which 

requires an optimum fly ash to alkaline ratio of 0.4. The 

lower density slurries were formulated with lower fly ash 

to alkaline ratio. The lower OH- ions present in the 

solution decreases the strength of the geopolymer cement 

during the curing process due to lower polymerization 

reaction taking place.  

 

 

 

 

Table-3. UCS results of 11 ppg geopolymer cement 

slurry. 
 

Contamination 

(%) 

Compressive 

Strength (MPa) 

Difference 

(%) 

0 15.4 0 

5 13.2 14.29 

10 10.5 31.82 

15 8.1 47.40 

 

Table-4. UCS results of 13 ppg geopolymer 

cement slurry. 
 

Contamination 

(%) 

Compressive 

Strength (MPa) 

Difference 

(%) 

0 55.8 0 

5 48.5 13.08 

10 47 15.77 

15 44.7 19.89 

 

Table-5. UCS results of 15 ppg geopolymer 

cement slurry. 
 

Contamination 

(%) 

Compressive 

Strength (MPa) 

Difference 

(%) 

0 73.1 0 

5 64.6 11.63 

10 57.7 21.07 

15 44.4 39.26 

 

In all three cases, the compressive strength 

reduces as the contamination percentage increases. The 

process of geopolymerization involves the rapid chemical 

reaction in an alkaline environment on Si-Al minerals. The 

presence of the drilling mud in the solution prevents the 

geosynthesis of geopolymers which greatly depends on the 

ability of the aluminium ion to initiate chemical changes in 

the silica backbone. Hence lower geopolymerization rates 

would be observed which translates to lower compressive 

strength. However, the 11 ppg geopolymer cement slurry 

showed the highest reduction in compressive strength at 

the maximum contamination percentage (15%) which is 

about 47.4% from its original strength. In addition, the 

percentage of compressive strength reduction is almost 

linear to the increment in contamination percentage from 

5% - 15% for the 11 ppg geopolymer cement slurry case. 

In addition, the 13 ppg geopolymer cement slurry 

displayed the lowest reduction in compressive strength 

which is 19.89% at the maximum contamination 

percentage (15%). This trend suggests that the 13 ppg 

geopolymer cement slurry formulation is the optimum 

formulation for the lowest strength reduction at 15% 

contamination of drilling mud.  
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3.2 Fluid loss 
Fluid loss indicates the water content in the slurry 

that can leak into the formation during oil well cementing. 

Higher fluid loss rates would result lower pumpability 

which may cause cement to set and harden at the wrong 

depth. Fluid loss test were conducted on the 12 samples as 

illustrated in Table-1. The results of the fluid loss test are 

shown in Tables 6, 7 and 8 for the three different 

geopolymer cement density cases. Comparing the 

uncontaminated samples, the findings suggest that higher 

density geopolymer cement has lower fluid loss properties 

compared to low density geopolymer cement slurries. This 

is because the formulation of lower density geopolymer 

slurries requires a fly ash to alkaline ratio of less than the 

optimum value of 0.4. When there are less OH- ions 

present in the solution the geopolymerization reaction is 

delayed which promotes the fluid loss process.   

 

Table-6. Fluid loss results of 11 ppg geopolymer 

cement slurry. 
 

Contamination 

(%) 
Fluid Loss (ml) 

Difference 

(%) 

0 7.2 0 

5 3.1 56.94 

10 2.7 62.50 

15 2.2 69.44 

 

Table-7. Fluid loss results of 13 ppg geopolymer 

cement slurry. 
 

Contamination 

(%) 
Fluid Loss (ml) 

Difference 

(%) 

0 6.2 0 

5 2.6 58.06 

10 2.1 66.13 

15 1.8 70.97 

 

Table-8. Fluid loss results of 15 ppg geopolymer 

cement slurry. 
 

Contamination 

(%) 
Fluid Loss (ml) 

Difference 

(%) 

0 5.2 0 

5 2.4 53.85 

10 1.9 63.46 

15 1.1 78.85 

 

The results shown in Tables 6, 7 and 8 suggest 

that fluid loss decreases as the drilling mud contamination 

percentage increases. This trend suggests that higher 

contamination rates reduce the fluid loss for geopolymer 

cement. Therefore, lesser additives would be required to 

control fluid loss during oil well cementing operations 

using geopolymer cement if mud contamination 

percentages are high.  

 

4. CONCLUSIONS 

The contamination effect of drilling mud (SBM) 

with Class F Fly Ash geopolymer cement was analysed 

experimentally using  12 cement samples of different 

densities (11ppg, 13ppg, and 15ppg) mixed with different 

percentages (5%,10% and 15%) of SBM.  For the 

compressive strength tests, the samples were cured for 24 

hours in the curing chamber at 65 °C and 3000 psi to 

reflect wellbore conditions. In all three cases, the 

compressive strength of the fly ash based geopolymer 

cement reduces as the drilling mud contamination 

percentage increases. However, the experimental findings 

suggest that the 13 ppg geopolymer cement slurry 

formulation is the optimum formulation for the lowest 

strength reduction at 15% contamination of drilling mud. 

Besides that, the fluid loss tests indicate that the fluid loss 

decreases as the drilling mud contamination percentage 

increases for all densities of geopolymer cement studied. 

This trend suggests that lesser additives would be required 

to control fluid loss during oil well cementing operations 

using geopolymer cement if mud contamination 

percentages are high. The conclusion of this study 

supports the usage of Class F Fly Ash based geopolymer 

cement for oil well cementing applications. 
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