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Abstract: Cementing oil and gas wells require materials that, not only meet performance standards but also fairly different from those 

encountered in conventional processes. The search for alternative materials for cementing oil wells has increased worldwide. It is 

desirable that these alternative materials make cement sheath stronger, durable, flexible, cost-effective and more resistant to shocks. This 

research aimed at evaluating the performance of fresh nano zeolite as an additive for shallow oil well cementing operations. Laboratory 

tests were conducted on a base cement slurry mixed with different concentrations of fresh nano zeolite from 1% bwoc to 3% bwoc at a 

Bottomhole Circulating Temperature (BHCT) of 80°F (27°C) to determine physical properties such as compressive strength, thickening 

time, rheology, free fluid, and fluid loss. The results showed that the compressive strength of the cement slurries improved significantly 

at 12 hours than 24 hours curing period at 87°F (31°C). As the concentration of fresh nano zeolite increases less time was required to 

reach 50 psi, 100 psi and most importantly 500 psi which is needed to resume drilling operations. An increase in concentration of fresh 

nano zeolite at 80°F (27°C) resulted in an increase in the thickening time of all the cement slurries. This shows that fresh nano zeolite has 

a high retardation effect. Generally, the addition of fresh nano zeolite from 1% bwoc to 3% bwoc improved the carrying capacity of all 

the cement slurries. Test results also showed that increasing the fresh nano zeolite concentrations resulted in a decrease in rheological 

values which is a characteristic of a dispersant. Plastic viscosity values were observed to have an increasing trend generally with an 

increasing concentration of fresh nano zeolites. All the cement slurries were below 100 cP and therefore pumpable. The addition of fresh 

nano zeolite to the base cement slurry increased the free fluid of the cement slurries. The fresh nano zeolite didn’t have any effect on fluid 

loss and therefore does not exhibit characteristics of a fluid loss agent. 
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1. Introduction 

Cementing oil and gas well is a vital activity in the drilling 

of oil and gas drilling wells. It involves the use of cement 

slurry which is composed of cement powder, mixwater and 

performance additives or materials [1]. During primary 

cementing operations, a well-designed cement slurry is placed 

in the annulus between the wellbore and the casing to form an 

impermeable seal. The cement slurry bonds the casing to the 

formation and forms a barrier that prevents the flow of 

formation fluids into the wellbore. The quality of cement 

slurry is necessary to safely and economically produce oil over 

the lifetime of the well [2]. High-quality cement slurry will 

ensure the durability of the wellbore in long-term by providing 

protection for the casing [3, 4] whereas poor quality of cement 

slurry may lead to remedial cementing and will increase the 

time, and cost of cementing operation [5]. 

There are a lot of demands that are placed on cement sheath 

throughout the life of the well and these demands require that 

the physical properties of the cement slurries are enhanced 

with additives or materials to address the precise and unique 

conditions of a wellbore. There are several types of cement 

additives that are available in the market to allow the use of 

Portland cement in different oil and gas well applications [6]. 

Currently, over 100 additives are available for cementing oil 

and gas well, many of which are supplied in solid or liquid 

forms which include accelerators, lightweight additives, 

friction reducers, retarders and many more. Cementing 

operation is very expensive and therefore requires additives 

that satisfy the standard requirements and also quite different 
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from conventional additives or materials. The search for 

alternative materials that can make cement sheath stronger, 

durable, flexible and cost-effective has increased. 

Several authors have reported on the use of alternative additives 

to modify the chemical and physical properties of the oil well 

cement slurry in terms of flowability, stability and the long-term 

performance of the well. However, there is less attention on the 

use of zeolites as an additive which according to Ahmadi and 

Shekarchi [7], has excellent supplementary cementitious material. 

Luke et al. [8] also indicated that zeolite can be used to enhance 

compressive strength of cement slurries at lower temperature by 

its pozzolanic reaction. According to Luke et al. [8], the 

performance of zeolite for lightweight slurries was comparable to 

conventional silica fume slurries and can therefore be used as an 

anti-settling agent. In their research, the fluid loss was reduced 

with the addition of zeolite. Baig [9] evaluated the effect of nano 

zeolite and other conventional additives on class G cement slurry 

at high temperature and pressure. He established from the 

thickening time test that nano zeolite has a slight retardation effect 

on the setting of cement, minimal effect on density and no free 

water separation. From the compressive strength test using sonic 

method, it was observed that the addition of nano zeolite by 2% 

bwoc resulted in high early compressive strength. 

There is still little information in open literature regarding 

the performance of fresh nano zeolite in oil well cement slurry 

at low temperature. This paper seeks to evaluate the 

performance of fresh nano zeolite as an additive for shallow oil 

well cementing operations. The outcomes of this study could 

help operators to ascertain the potential of fresh nano zeolites 

as an alternative additive in designing optimum cement slurry. 

2. Zeolite 

The term zeolite (meaning boiling stone from Greek zeo (to 

boil) and lithos (stone) was coined by the Swedish mineralogist 

Alex Fredrik Cronstedt in 1756, who discovered them and their 

trait of intumescence. He observed that upon heating this 

mineral steam was released, as water evaporated and the zeolite 

seemed to be boiling because of the rapid water loss [10]. Since 

then, zeolites were classified as a separate class of minerals. The 

first attempts to synthesize zeolite by imitating natural 

geological conditions that enabled the formation of zeolites were 

made by Saint Claire de Ville in 1862. He continued the 

experiments until 1948, when M. R. Barrer announced that he 

had succeeded in obtaining a synthesized zeolite equivalent to 

the natural one [11]. Zeolites are microporous hydrated alumina-

silicate minerals of the alkaline and alkaline earth metals that 

can be either natural or man-made.  

All zeolites are crystalline aluminosilicates composed of a 

three-dimensional framework structures built of (AlSi)O4 in a 

tetrahedron, which creates a very high Surface area [8]. They are 

classified according to SiO2:Al2O3 ratio [12]. Cations and water 

molecules are entrained into the framework. Thus, all zeolites 

(natural and synthetic zeolites created on the same structure as 

natural zeolites respectively) are composed of alumina-silicate 

hydrates may be represented with the Equation 1. 

Ma/n[AlO2)2(SiO2)b].xH2O                         (1) 

Where M represents cations such as Na, K, Mg, Ca, or Fe; 

and the ratio of b:a is in a range from greater than or equal to 

1 and less than or equal to 5, n represents the cation valence, 

and x represents the moles of water incorporated into the 

zeolite structure [8]. Figure 1 shows the molecular structure 

of two different types of zeolite. 

 

Figure 1. Molecular Structures of Two Different Types of Zeolite: (a) Zeolite 

A; (b) Zeolite X [13]. 

About 40 natural zeolites have been identified during the 

past 250 years, some common examples being analcime, 

chabazite, clinoptilolite, erionite, ferrierite, heulandite, 

laumontite, mordenite, and phillipsite. More than 150 zeolites 

have been synthesized, the most common ones being zeolites 

A, X, Y, and ZMS-5. In most cases, it is possible to 

accelerate or retard the setting time by using conventional 

cement additives, however, special properties can be 

achieved by zeolites. Zeolites are known to be pozzolanic 

materials and may be activated with alkali or Portland 

cement in the presence of sufficient water. However, further 

properties of a zeolite-containing composition such as 

compressive strength development, early strength, rheology, 

and density, for example, are of industrial concern. 

3. Resources and Methods 

3.1. Materials 

Cement slurries were prepared using high sulphate-

resistant Class G cement with a specific gravity of 3.14. All 

the cement slurries were prepared using fresh water. Fresh 

nano zeolite, spherically shaped with an average particle size 

of 100 nm was obtained from Tema Oil Refinery, Ghana 

(Figure 2). Fresh nano zeolite was mainly comprised of 

aluminium, carbon and silicon (Figure 3). 

 

Figure 2. Scanning Electron Microscope Image for Fresh Nano Zeolite [14]. 
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Figure 3. Energy-Dispersive X-Ray Spectroscopy Plot for Fresh Nano Zeolite [14]. 

3.2. Experimental Design 

Experiments were conducted with class G cement slurry 

mixed with different concentrations of fresh nano zeolite at a 

Bottomhole Circulating Temperature (BHCT) of 80°F (27°C). 

The cement slurry was prepared by closely following API 

Specification 10A. Physical properties of cement such as 

compressive strength, thickening time, free fluid, fluid loss 

and rheology were determined by closely following API 

Specification 10A and API Recommended Practice 10B [16, 

17]. The experiment was conducted using test conditions in 

Table 1 and the slurry composition presented in Table 2. The 

samples were labelled S-0, S-1, S-2, and S-3 depending on 

the concentration of the fresh nano zeolite which varied in 

the range of 1%, 2% and 3% bwoc respectively. 

Table 1. Experimental Conditions. 

Test Condition Test 

BHST 87°F (31°C) 

BHCT 80°F (27°C) 

BHP 1 000 psi (6.9 MPa) 

Heat Up Time 13 min 

 

Table 2. Slurry Compositions. 

Slurries Discerption Water Cement Ratio (%) Type of Water Class G Cement (%bwoc) 

S-0 Class G Cement 44 Fresh Water 100 

S-1 Class G +1%bwoc FNZ 44 Fresh Water 100 

S-2 Class G + 2%bwoc FNZ 44 Fresh Water 100 

S-3 Class G + 3%bwoc FNZ 44 Fresh Water 100 

 

3.3. Compressive Strength Test 

The compressive strength of a cement slurry is one of the 

most essential physical properties in the cementing of oil and 

gas wells. This property usually amounts to the determination 

of the strength of cement and the ability of the cement sheath 

to hold the induced stresses over the lifetime of the well. There 

are two common methods for determining the compressive 

strength of a cement slurry; non-destructive and destructive. 

The non-destructive method uses an Ultrasonic Cement 

Analyser (UCA) and the destructive method which is an 

Unconfined Compressive Strength (UCS) works by applying a 

load to four square inch cement cubes to determine the 

compressive strength of cement. In this study, the non-

destructive method was used to determine the compressive 

strength for all the cement slurries. The UCA passes ultrasonic 

signals through a cement sample and measures the transit time. 

The transit time decrease as the cement begins to develop 

compressive strength. Through mathematical algorithms, the 

transit time is converted into an approximate value for 

compressive strength in pound per square inch (psi) [15]. The 

compressive strength test was conducted at 87°F (31°C) and 3 

000 psi (20.68 MPa) for 12 and 24 hours for cement slurry 

mixed with different concentrations of fresh nano zeolite. 

3.4. Thickening Time Test 

Thickening time is the length of time needed for the 

cement slurry to attain consistency of 100 Bc, at different 

wellbore temperature and pressure conditions. This test 

represents the length of time the cement slurry remains 

pumpable [18]. The thickening time test was conducted with 

a High-Pressure High-Temperature (HPHT) Consistometer 

that is usually rated at pressure up to 30 000 psi (206.8 MPa) 

and temperatures up to 400°F (204°C). The cement slurry 

was prepared in accordance with API procedures. The slurry 

was then placed in a slurry cup into a consistometer for 
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testing. The testing pressure and temperature were controlled 

to simulate the conditions the slurry will encounter in the 

well. The test was concluded when the cement slurry reached 

a consistency of 100 Bc. 

3.5. Free Fluid Test 

Free fluid test is one of the methods that can be used to assess 

the stability of cement slurry. The other method is the solid 

settling test. Free fluid test is conducted to determine the volume 

of fluid that separates from a cement slurry when the cement 

slurry is in static condition. Excessive free fluid due to settling 

and water separation can cause problems such as bridging in the 

annulus, bridging of float equipment, lack of zonal isolation, and 

water pockets causing casing collapse if large temperature 

increases are encountered later in the life of the well. In order to 

measure the volume of the free fluid, the cement slurry was 

prepared and preconditioned in Atmospheric Consistometer for 

thirty (30) minutes. The preconditioned cement slurry was then 

poured into a 250 ml graduated cylinder and allowed to set static 

for 2 hours. The cement slurry was then examined for any free 

fluid on top of the cement column. This free fluid was poured 

out of the graduated cylinder and measured to determine the 

percentage of free fluid using Equation (2) [16]. 

Free Fluid=(Free fluid collected x100) ÷ 250        (2) 

3.6. Rheology Test 

Rheological properties are obtained from a direct reading 

using a viscometer. It provides readings that are easily 

converted to Plastic Viscosity (PV) and Yield Point (YP). 

Rheology of cement slurries is critical for a proper 

displacement of drilling mud to ensure good cementing 

operations. It also has an effect on solid settling and frictional 

pressures [19]. The prepared slurry was conditioned at a 

temperature of 80°F (27°C) for 30 minutes using Atmospheric 

Consistometer. The conditioned cement slurry was poured into 

the viscometer cup to fill to the scribed line. The filled cup 

together with its table was raised until the fluid level coincided 

with the scribed mark on the sleeve. Direct readings in 

centipoise at the viscometer speed of 3, 6, 100, 200, and 300 

rpm were observed and recorded. PV in centipoise (cP) and 

YP in pounds per 100 square feet (lb/100ft
2
) respectively were 

determined using Equations (3) and (4) [20]. 

PV=1.5 (300 rpm-100 rpm reading)                  (3) 

YP=300 rpm reading–PV                           (4) 

3.7. Fluid Loss Test 

Fluid loss refers to the volume of filtrate lost to the 

permeable material due to the process of filtration. Stirring 

and non-stirring fluid loss cell can be used for fluid loss 

measurement at desired temperature and pressure conditions. 

This study employed the use of the non-stirring fluid loss cell. 

The fluid loss test was conducted at 80°F (27°C) and 1 000 

psi (6.9 MPa) pressure per API standards. After conditioning 

the slurry at the BHCT for thirty (30) minutes, the slurry was 

placed in the fluid cell and differential pressure of 1 000 psi 

(6. 9 MPa) was applied across the 325-mesh (45µm) screen 

for about thirty minutes. API fluid loss was calculated using 

Equation 5 [16]. 

Calculated API Fluid Loss�
2 x Qt x 5.477

√t
            (5) 

Where, Qt is the volume (ml (cc)) of filtrate collected at 

the time t (min) of the “blowout”. 

4. Results and Discussion 

4.1. Compressive Strength Analysis 

Compressive strength analysis is critical in ascertaining the 

integrity and long-term bearing capacity of cement [21]. 

Cement with higher compressive strength usually means lower 

porosity and increased durability [50]. Insufficient 

compressive strength development may cause casings to fail, 

and thereby reducing the life span of the well [15]. The sample 

charts obtained from UCA test are presented in Figures 4-7. 

 

Figure 4. Compressive Strength Development for S-0. 
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Figure 5. Compressive Strength Development for S-1. 

 

Figure 6. Compressive Strength Development for S-2. 

 

Figure 7. Compressive Strength Development for S-3. 
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4.1.1. Compressive Strength at 12 and 24 Hours 

Figure 4 shows the compressive strength for cement slurry 

mixed with different concentrations of fresh nano zeolite at 

87°F (31°C) for 12 and 24 hours. From Figure 4, the 

compressive strength increased with increasing concentration 

of fresh nano zeolite by 1% bwoc and 3% bwoc at both 12 

and 24 hours curing period. There is a general increase in 

compressive strength over the base cement slurry (S-0) for all 

concentrations of fresh nano zeolite. The effect of fresh nano 

zeolite on the compressive strength of the class G cement 

was significant at a low curing period (12 hours) as compared 

to high curing period (24 hours). At 12 hours curing period, 

the addition of 1% bwoc resulted in about 12% increase in 

compressive strength as compared to 0.5% at 24 hours curing 

period. Similarly, at 3% bwoc, the compressive strength 

increased by 19% at 12 hours compared to 0.9% at 24 hours 

(Figure 8) 

 

Figure 8. Compressive Strength of Cement Slurry Mixed with Different 

Concentration of Fresh Nano Zeolite at 87°F (27°C) for 12 and 24 Hours. 

In general, there is no collective agreement on 

compressive strength requirements for oil well cement. Sze 

and Kadir [22] suggested that lead cement slurry should have 

a minimum compressive strength of 250-300 psi (1.7-2.1 

MPa) while tail cement slurry should have a minimum 

compressive strength of 500 psi (3.4 MPa) after for 24 hours 

curing period to properly hold casing. Conversely, the most 

widely cited minimum compressive strength needed before 

drilling out or support a casing is 500 psi (3.4 MPa) [15, 23, 

24, 25]. From Figure 8, all the slurries appeared to have 

enhanced compressive strength after 12 and 24 hours to 

structurally hold casings and early drill out. All the cement 

slurries had a compressive strength greater than 500 psi (3.4 

MPa). The cement slurries could not attain 2 000 psi (13.8 

MPa) compressive strength after 24 hours of curing which 

according to Murtaza et al. [26] is the minimum compressive 

strength required before performing any perforation or 

stimulation. 

4.1.2. Time to Attain 50, 100, 500 and 1 000 Psi 

Table 3 shows the time needed to attain a compressive 

strength of 50 (0.34 MPa), 100 psi (0.69 MPa), 500 psi (3.4 

MPa) and 1 000 psi (6.9 MPa) for all the cement slurries. The 

time to reach a particular compressive strength is a vital 

characteristic for reducing the time to Waiting on Cement 

(WOC) and gas channelling through cement sheath [18]. It 

can be seen from Table 3 that, as the concentration of fresh 

nano zeolite increases less time is required to attain a 

compressive strength of 50 psi (0.34 MPa), 100 psi (0.69 

MPa) and most importantly 500 psi (3.4 MPa) needed to 

resume drilling operations. Though, there is no significant 

difference in the durations at low temperature (87°F), a small 

reduction in WOC can reduce rig cost. 

Table 3. Time to Attain 50, 100, 500 and 1 000 psi. 

Slurry 
50 psi 100 psi 500 psi 1000 psi 

(hh:mm) (hh:mm) (hh:mm) (hh:mm) 

S-0 6:13 7:24 11:59 16:09 

S-1 5:48 6:52 11:27 15:28 

S-2 5.44 6.47 11.17 15.20 

S-3 5:34 6:38 11:11 15:11 

4.1.3. Transition Period Between 50 Psi and 500 Psi 

The transition period between developing a compressive 

strength of 50 psi (0.34 MPa) and 500 psi (3.4 MPa) is very 

vital in cementing operation and should be as short as 

possible to reduce the time needed to WOC for cement slurry 

to harden before the next section of wellbore is drilled. 

Figure 9 shows the transition periods from 50 psi (0.34 MPa) 

to 500 psi (3.4 MPa) for all the cement slurries. It was 

observed that cement slurry S-2 had the shortest transition 

time and therefore would be very useful in reducing the time 

to wait on cement. S-2 recorded a transition period of 333 

minutes followed by S-3 (337 mins), S-2 (339 mins) and S-0 

(346 mins). 

 

Figure 9. Transition Period from 50 psi to 500 psi at 87°F (27°C). 

4.2. Thickening Time Analysis 

The results of the laboratory thickening time tests provide 

an indication of the length of time that cement slurry would 

remain in a fluid state and capable of being pumped into a 

wellbore [27]. If a cement slurry remains liquid over a 

prolonged period of time and functions as a solid when it 

stops flowing, in a reasonable time, it will be suitable for a 
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good cementing job [28]. The sample charts obtain from the 

thickening time test are presented in Figures 10-13. Table 4 

shows the summary of the thickening time results for all the 

cement slurries. 

Table 4. Summary of Thickening Time Test for all the Cement Slurries at 80°F. 

Slurry Heating Time (min) 
Start Bc 30 Bc 40 Bc 50 Bc 70 Bc 100 Bc 

(hh:mm) 

S-0 13 19 6:49 6:50 6:57 7:51 8:30 

S-1 13 8 8:12 9:02 9:29 9:54 12:11 

S-2 13 7 8:02 8:06 8:43 10:28 n/a 

S-3 13 8 8:16 9:31 9:57 10:01 n/a 

 

Figure 10. Thickening Time Chart for S-0. 

 

Figure 11. Thickening Time Chart for S-1. 
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Figure 12. Thickening Time Chart for S-2. 

 
 

Figure 13. Thickening Time Chart for S-3. 

The consistency at the start of a thickening time test indicates 

the viscosity at the start of the test. From Table 4, it was 

observed that the initial viscosity of the cement slurries 

decreased with an increase in fresh nano zeolite concentration 

compared with the base cement slurry. The initial viscosities for 

S-1 and S-3 did not change. There was no significant difference 

in the initial viscosities of all the samples mixed with fresh nano 

zeolite from 1% bwoc-3% bwoc. An increase in concentration of 

fresh nano zeolite at 80°F (27°C) led to an increase in the 

thickening time of all the cement slurries (Table 4). 

According to Broni-Bediako et al. [29], retarders are used 

to reduce the speed of cement hydration and therefore 

extending the thickening time of cement slurry. Retarders 

inhibit hydration and delay setting, allowing sufficient time 

for slurry placement in deep and hot wells [15, 23]. The 

trends observed from the thickening time results agree with 

the characteristics of retarders reported by Broni-Bediako et 

al. [29]. This shows that fresh nano zeolite has a high 

retardation effect on cement slurries and would therefore not 

be suitable for shallow oil well cementing operations as 
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operators will have to wait on cement for long period before 

the cement set and harden. The end of the thickening time 

test was considered to be 70 Bearden units of consistency (Bc) 

which is considered as the point where cement slurry set and 

becomes unpumpable [27, 30]. At 70 Bc, it was observed that 

there was about 2 hours 3 minutes increase in thickening time 

at 1% bwoc (S-1) compared with the base cement slurry (S-

0). 

4.3. Rheological Analysis 

Rheology of cement is a controlling factor that ensures the 

performance of cement and assists in measuring the 

pumpability of cement slurry [26]. In this study, rheological 

properties such as plastic viscosity and yield point of cement 

slurries were determined. Table 5 presents the rheological 

properties of cement slurries mixed with different 

concentrations of fresh nano zeolite at a temperature of 80°F 

(27°C). 

Table 5. Rheological Properties of Cement Slurries Mixed with Different 

Concentrations of Fresh Nano Zeolite at 80°F (27°C). 

Test Parameters 
S-0 S-1 S-2 S-3 

Dial Readings in Centipoise (cP) 

600 rpm 119 117 117 115 

300 rpm 81 75 71 72 

200 rpm 69 63 52 50 

100 rpm 55 49 39 40 

6 rpm 21 19 15 15 

3 rpm 15 14 11 11 

PV (cP) 39 39 48 48 

YP (lb./100ft2) 42 36 23 24 

PV/YP 0.93 1.1 2.1 2 

4.3.1. PV and YP 

From Table 5, plastic viscosity is observed to have an 

increasing trend generally with an increasing concentration 

of fresh nano zeolites. The addition of 1% bwoc of fresh 

nano zeolite did not increase the PV of the base cement slurry 

or sample. An increase in PV was observed at 2% bwoc and 

3% bwoc. PV controls the pumpability of cement slurries. 

Generally, the problem of pumping cement slurry through 

wellbore occurs when PV becomes high. That is, cement 

slurries with PV above 100 cP will require high pressure to 

pump and place in the annulus [18, 19]. All the cement 

slurries were below 100 cP and therefore pumpable (Table 5). 

The YP on the other hand was influenced by the addition 

of fresh nano zeolite. YP is defined as the initial resistance to 

flow caused by electrochemical forces between the particles 

and it indicates the amount of force needed to initiate flow. It 

also controls the carrying capacity of the cement slurry [31]. 

From Table 5, the yield point decreased with increasing 

concentration of fresh nano zeolite. The lower the YP values, 

the thinner the cement slurry and the tendency for it to settle. 

The YP values calculated also revealed that all the cement 

slurries were pumpable at 80°F (27°C) as all the yield point 

values were above 15 lb/100 ft
2
 recommended by Salehi and 

Paiaman [32]. 

4.3.2. Shear Stress and Shear Rate Curve 

Figure 14 indicates the shear stress and shear rate curves 

for base cement slurry mixed with different concentrations of 

fresh nano zeolite. It was observed that the addition of fresh 

nano zeolite in cement slurries reduced the shear stresses for 

all given shear rates as compared to the base cement slurry. 

The rheological values for fresh nano zeolite concentration of 

2% bwoc and 3% bwoc appeared to have no significant 

difference. Generally, additives with retarding characteristics 

exhibit decreasing rheological values as the concentration of 

the additives are increased. Test results showed that 

increasing the concentration of fresh nano zeolite resulted in 

a decrease in rheological values. This shows that as well as 

affecting the thickening time, it also exhibited dispersing 

tendencies. 

 

Figure 14. Shear Stress and Shear Rate Curve for Different Concentrations 

of Fresh Nano Zeolite-Based Cement Slurries at 80°F (27°C). 

4.3.3. PV/YP Ratio 

Figure 15 shows the PV/YP ratios of all the cement 

slurries. According to Magzoub et al. [33] and Luo et al. [34], 

PV/YP describes the carrying capacity of drilling fluids. 

Generally, any value of the ratio of YP/PV ≥ 0.75 or PV/YP ≥ 

1.3 shows a good carrying capacity of a drilling fluid and can 

therefore lead to an improved cleaning of the wellbore. In 

this study, the ratio PV/YP was introduced to determine the 

carrying capacity of the cement slurries. The cement slurry 

with good carrying capacity prevents settling of cement 

particles and results in homogeneous placement around 

casings without providing a sag effect. Heterogeneous 

placement with varying density profiles along the length of 

cement column can lead to many wellbore issues such as 

fluid migration, free fluid separation and fracturing. The 

recommended safe window for the carrying capacity of 

cement slurries lie in the range of 1 to 2 ratio [35]. A PV/YP 

ratio above 2 reduces the carrying capacity of cement slurries 

and has the ability to cause settling or sagging problems in 

the wellbore. A reduction in PV/YP ratio number on the other 

hand causes an increase in carrying capacity. If the ratio of a 

cement slurry falls below 1, then the slurry will require a 

high pumping force to pump down into the wellbore. This 

could cause an increase in the Equivalent Circulating Density 

(ECD) by giving high friction and thereby causing lost 
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circulation due to formation fracturing [26]. 

From Figure 15, it could be noticed that the base cement 

slurry had low PV/YP ratio which is an indication that high 

force will be required to pump the base cement slurry into the 

wellbore, though the value is close to the safety region. The 

addition of 1% bwoc and 3% bwoc of fresh nano zeolite to 

the base cement slurry increased the PV/YP ratio from 0.9 to 

1.1 and 2.0 respectively. These values were within the 

acceptable region and thus increased the carrying capacity of 

the base cement slurry. The addition of 2% bwoc of fresh 

nano zeolite resulted in PV/YP ratio of 2.1 which is slightly 

above the acceptable region. Generally, the addition of fresh 

nano zeolite from 1% bwoc to 3% bwoc to the base sample 

or cement slurry increased the PV/YP ratio of all the cement 

slurries. 

 

Figure 15. PV/YP Ratio for Different Concentrations of Fresh Nano Zeolite 

at 80°F (27°C). 

4.4. Free Fluid Analysis 

When cement is setting, free fluid separates from the 

cement slurry and settles on top of the cement column or in 

small water pockets if the well deviates. This free fluid can 

create channels while moving on the top of cement and cause 

a poor cement bond or casing failure if the water pockets are 

between the annulus of two casings [20]. Hence, free fluid is 

expected to be as low as possible and if necessary, almost 

close to zero for an ideal cementing operation to prevent 

water channelling and casing failures. The results of free 

fluid of all the cement slurries at 80°F (27°C) is presented in 

Table 6. 

Table 6. Free Fluid at 80°F (27°C). 

Slurry Measured Volume (ml) % Free Fluid 

S-0 1.6 0.64 

S-1 3.6 1.44 

S-2 2.6 1.04 

S-3 2 0.8 

Table 6 above shows that at 1% bwoc (S-1), the percentage 

of free fluid recorded was 1.44%. However, increasing the 

concentration of fresh nano zeolite by 2% and 3% (S-2 and 

S-3) resulted in a decreasing trend. In general, the addition of 

fresh nano zeolite from 1% bwoc to 3% bwoc to the base 

cement slurry led to an increase in the free fluid of the 

cement slurries. 

4.5. Fluid Loss Analysis 

Table 7, clearly indicates that high volumes of filtrates 

were lost with the introduction of fresh nano zeolite in the 

base cement slurry. These high losses in the filtrate were 

observed under few seconds of subjecting the slurry to the 

test. This suggests that fresh nano zeolite does not exhibit the 

characteristics of a fluid loss agent or additive. 

Table 7. Fluid Loss at 80°F (27°C). 

Slurry 
Measured Volume 

(ml) 

Test Time 

(secs) 

Calculated Fluid 

Loss 

S-0 50 20 949 

S-1 51 40 684 

S-2 - - - 

S-3 - - - 

5. Conclusions and Recommendation 

From the study, it could be concluded that: 

i. The effect of fresh nano zeolite on compressive 

strength of class G cement slurry appeared to be 

significant at low curing period (12 hours) as 

compared to high curing period (24 hours) at 87°F 

(27°C). 

ii. As the concentration of fresh nano zeolite increases 

less time was required to reach 50 psi (0.34 MPa), 100 

psi (0.69 MPa), and most importantly 500 psi (3.4 

MPa) which is needed to resume drilling operations. 

iii. An increase in the concentration of fresh nano zeolite 

at 80°F led to an increase in the thickening time of all 

the cement slurries. This shows that fresh nano zeolite 

has a high retardation effect on cement slurries. 

iv. Generally, the addition of fresh nano zeolite at 1% 

bwoc and 3% bwoc to the base cement slurry 

improved the carrying capacity of the base cement 

slurry with the exception of 2% bwoc. 

v. Test results indicated that, increasing the concentration 

of fresh nano zeolite caused a decrease in rheological 

values which is a characteristic of a dispersant. 

vi. Plastic viscosity was observed to have an increasing 

trend generally with increasing concentration of fresh 

nano zeolites. All the cement slurries were below 100 

cP and therefore pumpable. 

vii. The fresh nano zeolite didn’t have any effect on fluid 

loss. It does not exhibit the characteristics of a fluid 

loss agent. 

viii. Generally, the addition of fresh nano zeolite from 1% 

bwoc to 3% bwoc to the base cement slurry increased 

the free fluid of the cement slurries. 

From the conclusion drawn from the study, it is 

recommended that further work be done on the combined 

effects of fresh nano zeolites and conventional additives on 

oil well cement slurries at low temperatures. 
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