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Abstract 

In this article, incorporation of nano-SiO2 (NS), nano-TiO2 (NT) and nano-Al2O3 (NA) particles and their binary and 
ternary blends on water filtration in oil-well cement slurry was examined. The nanoparticle contents were chosen 
at proportions corresponding to 1, 2, 3 and 4% based on the weight of cement. The experimental specimens were 
tested at three various temperatures of 70, 80 and 90 °C using a gas pressure of 1000 psi. The quantity of water filtrate 
collected was measured in milliliter (mL) at 30 min after the test begins. The results consistently indicate that an 
additional of NS, NT and NA particles independently, reduced the loss of liquid in cement, and its performance varies 
with temperature and the nanoparticle dosages. The 3% NS usage delivered strong evidence in lessening fluid loss 
compared to the other results by reducing the loss up to 72%. When collective impact of nanomaterials was deter-
mined, the fluid retainment was also improved. The replacement of 4% NST reduced fluid loss by the most compared 
to NSA and NTA binary groups. In-case of ternary combination, NSTA showed a highest reduction of the water loss by 
58–60% likened to the plain samples at the concentration of 4%. The key investigation of this paper clearly suggested 
that the efficacy of Class G cement having nanoparticles to trap its water is dependent on the nanoparticle contents. 
The lessening of water filtration might be explicated by the filling capability of nano-scale particles. Nanoparticles can 
plug the openings within the oil-well cement slurry matrix, thus promoting the retainability of water. Besides, nano-
particles quickens the hydration products by creating dense interlocking C–S–H gels for bridging cement grains and 
forming enclosed structure which can stop the liquid from escaping the slurry.
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1  Highlights

• Designing of cement slurry without filtration control 
agent causes much water to be lost from the slurry, 
thereby affecting other properties of the slurry such 
as viscosity and thickening time.

• Nanoparticles help control fluid loss from the cement 
slurry, and its performance varies with temperature, 
type and the content of nanoparticles.

• Nanoparticles fill the voids between cement grains, 
resulting in the immobilization of free water.

2 Introduction
Oil-well cementing refers to a process of pumping cement 
in the annular space to bond the steel casing strings to the 
borehole surface (Newlove et al. 1984; Nelson and Guillot 
2006). The crucial purposes of the cementing process are 
sealing (prevention of fluid communication between dif-
ferent zones), provision of structural sustenance for the 
casings and sheltering the casings from attack by corrosive 
fluids (Fakoya and Shah 2017; Newlove et al. 1984). One of 
the challenging problem during primary oil-well cement-
ing is an out-flow of fluid from the pumped cement to the 
permeable formation. This loss of liquid is disadvantageous 
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since since it can cause de-hydration of the slurry before its 
normal setting time (Newlove et al. 1984). When this occurs 
it prevents the pumped slurry to reach its final position and 
leaving unwanted cement slurry in the casing becoming 
one of the primary reasons for unsuccessful cementing. In 
order to accomplish effectual placement of the slurry as it 
is pumped to plug the annulus, preclusion of filtration loss 
is important. To control the liquid loss from the cement, it 
is necessary to lessen the oil-well cement permeability and 
trap water during the initial cement setting process, effec-
tively preventing speedy drying up of the designed cement 
slurry (Brandl et al. 2011). This helps to mitigate solids set-
tling by enhancing fluid stability.

According to the work of (Nelson and Guillot 2006), 
a well that lacks a worthy cement job may never attain 
its full production potential. In addition, they advocated 
that oil-well cement need to be adjusted to enhance its 
chief functions. In that regard, various authors recently 
have shown intense concentration on using nanoparti-
cles to boost the useful lifecycle of the oil-well and cut 
outlays related to the reparation or damages due to 
failed cement sheath. Nano-SiO2 (NS), nano-TiO2 (NT) 
and nano-Al2O3 (NA) have exposed excessive potential 
in up-lifting the performance of oil-well cements (Jaya-
palan et al. 2010; Mohseni et al. 2015; Pang et al. 2009; 
Patil and Deshpande 2012; Quercia and Brouwers 2014; 
Santra et al. 2012; Senff et al. 2012). Due to their nano-
scale dimension, nanoparticles possess exceptional 
prominent characteristics that differ basically with their 
macro-sized counterparts. Apart from their size effect, 
nanoparticles have special characteristics including 
enormous surface areas per volume ratios and higher 
chemical reactivity which triggers their ability to modify 
properties in cement (Amanullah and Al-Tahini 2009; 
Campillo et al. 2007; El-Diasty and Ragab 2013; Fakoya 
and Shah 2017; Patil and Deshpande 2012; Silvestre 
2015). Fluid loss is among the cement behavior that can 
be adjusted by nanoparticles although it has been gen-
erally reported by few researchers compared to other 
properties such as mechanical strength, microstructures 
and cement hydration. It has been established that when 
nano-scale powders are used as filtration control agents 
can effectively diminish fluid loss, improve mechani-
cal behavior of the cement and resist gas migration 
(Roddy and Duncan 2008). Moreover, (Patil and Desh-
pande 2012) investigated the capability of nano-SiO2 

on compressive strength, thickening time and fluid loss 
in oil-well cement. The study disclosed that nanosilica 
can increase both early and final compressive strength, 
prevents fluid loss and slacked the thickening time of 
cement. Likewise, Ershadi et al., revealed that nanosilica 
promotes compressive strength while reducing fluid loss 
and thickening time (Ershadi et al. 2011).

More attentions are paid on the increasing latest stud-
ies on nano-scale particles to modify properties and per-
formance of oil-well cement, and the outcomes acquired 
from such probes. However, most of the previous studies 
associated with the application of nano- sized materials 
in oil-well cementing are focused on a single nanoparticle 
type. Researches on the effects of  SiO2,  TiO2 and  Al2O3 
nanoparticles to enhance properties of oil-well cement in 
a combination of two or more kinds of nanoparticles are 
lacking. The present study examines the effects of nano-
SiO2, nano-TiO2 and nano-Al2O3 particles and their 
binary and ternary blends on fluid loss in oil-well cement 
slurry. It is plausible that findings from this probe can 
provide evidences for the usefulness of nano-scale mate-
rials in oil-well cement especially in the case of combined 
nanoparticles.

3  Experimental Programs
3.1  Experimental Materials
The experimental materials include Class G oil-well 
cement, corresponded to American Petroleum Institute 
(API) Specification 10A, (produced by Jiahua Enter-
prises Corp., Sichuan China, its clinker compositions 
are concisely accessible in Table  1) and nano-SiO2, 
nano-TiO2 and nano-Al2O3 particles (purchased from 
Guangzhou Probig Fine Chemical Co., Ltd, China, its 
technical specifications are provided in Table 2).

Table 1 Chemical and mineral composition of Class G oil-well cement used

Chemical composition (wt%) Mineralogical composition (wt%)

SiO2 Al2O3 Fe2O3 CaO MgO SO3 C3S C2S C4AF C3A

23.056 2.86 3.52 65.2 1.79 2.12 59.890 16.756 10.70 1.63

Table 2 Properties of nanoparticles

Species Diameter 
(nm)

Color Surface 
volume ratio 
 (m2/g)

pH value Purity (%)

SiO2 20 White 220 5.7 99.9

TiO2 20 White 160 6.8 99.9

Al2O3 20–30 White 50–80 6.8 99.9
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3.2  Experimental Methods
3.2.1  Slurry Design and Fluid Loss Test
The oil-well cement blending and its fluid loss tests were 
done according to API standards (API 2013). The TG-71 fluid 
loss apparatus was used to quantify the rate of filtration of 
the designed cement slurry (Fig. 1). The fluid loss instrument 
works by simulating the down-hole conditions where fluid 
loss can occur, when cement is injected to plug the annulus. 
The nano-sized particles of 1, 2, 3 and 4% by weight of cement 
were thoroughly mixed with the Class G Oil-well cement and 
water at 0.45, water-to-cement ratio. Then, the cement was 
methodically blended using a high speed blender (4000 r/
min for 15 s, then 12,000 r/min for 35 s according to AP1 10A 
standards) (API 2010). The cement slurries contained in a 
test cell were placed into the warming jacket to test the loss of 
fluid under different temperatures of 70, 80 and 90 °C at 1000 
psi gas pressure. The liquid filtrate collected was measured in 
milliliter (mL) at 30 s, and 1, 5, 10, 15, 20 and 30 min after the 
test begins. All the filtrate left the cement through the sieves 
in less than 30 min, thus the API Fluid loss was calculated 
using the formula indicated in Eq. 1.

where Vt stands for volume of filtrate (mL) collected at 
time t (min).

(1)Calculated API fluid loss = 2Vt

(

5.477
√
t

)

4  Experimental Results
4.1  The Effect of Adding Single Nanoparticles
The liquid loss from the oil-well cement with varying 
contents of nanoparticles was tested, and the temperature 
range was between 70 and 90 °C. Figure 2 a–c shows the 
fluid loss performance results obtained for various speci-
mens with single nanoparticles. As the Figure indicates, 
the loss of fluid from the slurries decreased gradually 
with the accruing dosage of the nanoparticles. The high-
est rate of the cement to trap its water was obtained when 
nanoparticles of 3% NS concentration was employed. 
In general, at all observed temperatures, the nanoparti-
cles showed useful results, and the filtration loss of the 
slurry was below 100  mL which is generally considered 
to be adequate for most primary cementing operations. 
Compared to the control samples, the slurry containing 
NS particles reduced the loss of fluid by 70–72%, while 
the specimens containing NT and NA powders reduced 
the loss by 61–63% and 57–60% respectively. However, 
the samples containing 4% NS thickened instantly after 
heating up the slurry to the required temperatures, thus 
that test was not carried out. One interesting observa-
tion is that NS makes cement slurry thicker and quick-
ens the cement hydration (Silvestre 2015). When NS 
are added into cement, it shows a straight effect on the 
ratio of water needed in the blend. Such kind of behavior 
clearly approves that incorporation of nano-scale parti-
cles into Portland cement requires more water to retain 
the pumpability of the slurry. If the proportion of water 
is retained, an additional of the NS dosage will stimulate 
the filler effect, plugging the openings between cement 
particles and hence preventing the flexibility of water. 
Numerous literatures have clearly reported that the opti-
mal dosages of the nano-sized particles in cement pastes 
are influenced by the average particle size (Quercia and 
Brouwers 2014). Thus, due to its huge specific surface 
area, NS showed high effect on slurry fluidity indicating 
that the cement replacement of 4% was overuse of NS.

4.2  The Effect of Adding Binary Nanoparticles
The results on fluid loss of the cement containing a 
binary combination of nanoparticles are clearly pre-
sented in Fig. 3a–c. As the Figure shows, all the binary 
samples demonstrated a trend of reducing the filtration 
loss from the slurry. It can be observed that, the NST 
samples exhibited the ultimate control of liquid pas-
sage overall among the samples at the proportion of 3 
and 4%. The slurry specimen containing NST particles 
reduced the filtration loss by 64–66% compared to the 
plain samples. This indicates that the efficiency of the 
slurry to trap its liquid phase is influenced by the extent 
of the filtration control agents. Overall, nanoparticles Fig. 1 TG-71 Fluid loss tester
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can fill the openings between the cement grains, thus 
restricting an out-flow of liquid (Ershadi et  al. 2011; 
Roddy and Duncan 2008). The slowdown of filtration 
loss could be explained by the filler effect displayed by 

nanoparticles and its aptitude to form a more intense 
cementitious structure. Another significant finding 
specified that an additional of binary powders in the 

Fig. 2 a The effect of adding NS on fluid loss. b The effect of adding 
NT on fluid loss. c The effect of adding NA on fluid loss Fig. 3 aThe effect of adding NST on fluid loss. b The effect of adding 

NSA on fluid loss. c The effect of adding NTA on fluid loss
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blend of NSA and NTA reduced the filtration loss by 
52–54% and 54–55% respectively. Thus, blending of 
binary nanoparticles into oil-well cement slurry could 
have a significant potential for controlling fluid loss.

4.3  The Effect of Adding Ternary Nanoparticles
For the cement slurry prepared by adding ternary nan-
oparticles, its results are displayed in Table 3. As briefly 
displayed in Table 3, ternary combination of nanoparti-
cles (NSTA) showed effective properties as a fluid loss 
reducing material compared to the control specimens. 
It is clearly observed that there is a trend of decreas-
ing fluid loss depending on the ratio of nano-scale par-
ticles and temperature variations. The out-flow of liquid 
decreased gradually with the cumulative nanoparticles 
content. Conversely, the filtration loss was noticeably 
found to increase progressively as temperature was 
adjusted to 90  °C. However, the samples with ternary 
combination of nanoparticles showed an effective per-
formance on restricting fluid loss. In general, the fluid 
collected in all ternary samples was less than 100  mL. 
Thus, similar to binary combination of nanoparticles, 
blending of ternary nanoparticles into oil-well cement 
slurry could also have a significant potential for con-
trolling fluid loss. It seems that, the nano-scale par-
ticles were well able to place between the empty pore 
of cement matrix and did not let the solid part of the 
slurry to be separated from the liquid, thus stopping the 
escapement of water from the cement matrix (Ershadi 
et  al. 2011). This phenomenon helps to diminish the 
loss of fluids from the cement slurry.

5  Conclusion
A number of tests were successfully conducted to exam-
ine the helpfulness of NS, NT and NA nanoparticles and 
their combined effects on fluid loss in oil-well cement. 
Based on the investigational outcome, the following are 
our conclusions;

1. Designing of conventional cement slurries without 
any additional filtration control agent causes much 
water to be lost from the set-cement, thereby affect-
ing other characteristics of the slurry such as viscos-
ity, thickening time and compressive strength.

2. Additional of NS, NT and NA nanoparticles control 
the out-flow of fluid from the slurry, and its perfor-
mance varies with temperature and the nanoparticles 
dosages. The ratio of 3% NS reduced the filtration loss 
more significantly compared to other single nanopar-
ticles. However, excessive amount of NS decreases 
the slurry fluidity.

3. By comparison regarding the combined of effect of 
nanoparticles, the binary combination mixtures con-
taining NST demonstrated the superlative results 
likened to other binary groups followed by ternary 
combination of NSTA samples. The highest rate of 
the blended cement to trap its liquid phase was found 
at a dosage of 4% nanoparticles. This indicates that 
the efficiency of the oil-well cement slurry containing 
nanoparticles to retain water depends intensely on 
the concentration of the nanoparticles.

4. In summary, by relating all the examined samples 
containing nanoparticles, NS provided the best per-
formance in controlling fluid loss. The optimal ratio 
of NS in the blended cement system was 3%.
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Table 3 The effect of adding ternary nanoparticles on fluid 
loss control

Batch of slurry Nanoparticle 
dosage (%)

Calculated API fluid loss 
(mL/30 min)

70 °C 80 °C 90 °C

Control 0 119 128 140

NSTA1 1 92 96 99

NSTA2 2 83 89 93

NSTA3 3 61 63 74

NSTA4 4 48 52 59
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