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ABSTRACT: The thickening time and strength of cement are important factors in the cementing process in the 
oil and gas industry. When the cement slurry hardens rapidly, it thickens before reaching the target.  In addition, 
strong cement withstands the pressure of casing and formation. Additives are commonly used to enhance the 
cement's thickening time and strength. GONs have attracted attention as promising additives for cement. GONs 
were synthesized from graphite and petroleum coke using the liquid mechanical exfoliation method. FTIR 
spectroscopy revealed that the synthesized samples contain C–H, C=O, and O–H functional groups, and UV-Vis 
spectrometry showed absorbance at wavelengths of 233 and 261 nm. They were added to the cement at different 
concentrations (0.01%, 0.02%, 0.03%, 0.04%, 0.05%, 0.06%) to investigate their effect on the cement thickening 
time and strength. The thickening time of the samples increased with GONs concentration; the samples 
containing 0.06% GONs exhibited a maximum thickening time of 155.52 min. In addition, the compressive 
strength and shear bond strength of the samples increased linearly with GONs concentration, reached a 
maximum at a GONs concentration of 0.05% (32.78 and 6.21 MPa, respectively), and decreased with further 
addition of GONs. SEM revealed 1.5-3.8 μm cracks in the cement without GONs, where the sample with 0.05% 
GONs exhibited very small cracks approximately 0.4-1.0 μm.  X-ray diffraction analysis showed that the cement 
with GONs contained plazolite, resulting in a high-strength, dense, and strong cement matrix. These results 
demonstrate that GONs effectively improve cement thickening time and strength.  
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1. INTRODUCTION 
 

Cementing is an important factor in drilling 
operations. In the petroleum industry, cement 
powder and water are mixed into a slurry and then 
pumped into the wellbore through casing pipes into 
the annulus along the drilling holes. This process, 
which is termed cementing, is performed to ensure 
zone isolation, hold casing, and prevent loss of 
circulation. When cementing is incomplete, it cannot 
be pushed completely (easily hardened) because it 
dries before reaching the annulus. When the cement 
slurry dries early, pre-hardening shrinkage occurs, 
i.e, the material shrinks before hardening, which can 
affect its application and cause problems, such as too 
early hardening [1]. Early hardening of the cement 
poses a challenge in cementing very deep wells, 
which requires a long time for the slurry to reach the 
annulus [2]. 

The thickening time is the duration required for 
the cement slurry to reach 70 unit consistency (UC). 
This value is the maximum amount of cement slurry 
that can be pumped according to API standards [3]. 
The thickening time can be increased by adding 
retarders, such as lignosulfonate and carboxymethyl 
hydroxyethyl cellulose (CMHEC), which slow the 
drying of cement [4]. Calcium lignosulfonate 
contains hydroxyl, carboxyl, carbonyl, and other 
active groups that act as adsorbents [5]. CMHEC 
contains anionics and hydrocolloids that enhance  

cement adsorption [6]. 
The hardened cement can become brittle due to 

low tensile stress [7].  The presence of pores in the 
drilling cement results in its low strength [8]. The 
strength of the cement decreases over time, resulting 
in cracking.  Cracks usually occur because of the 
pores between cement molecules, which collapse 
when a load is applied. Therefore, squeeze 
cementing is required, which is expensive. Cracks 
can be prevented by increasing the strength of 
cement by adding additives, which can reduce the 
number of pores and defects in the cement base 
material [9,10]. Silica flour (SF) is a common 
cement additive used for strength improvement 
[11,12]. Two types of strength are usually 
considered for cement: compressive strength (CS) 
and shear bond strength (SBS). According to the 
American Petroleum Institute (API), the minimum 
CS required for continuous drilling operations is 
1000 psi, and the shear strength should not be less 
than 100 psi for the casing to bond firmly. An SBS 
of less than 100 psi can cause the formation of a 
micro-annulus between casing and cement or 
between cement and formation, resulting in poor 
zone isolation, causing production decline. 
Therefore, it is necessary to optimize cement slurry 
design before cementing [13]. The CS of cement up 
to API standards is sufficient to provide structural 
support to the casing, prevent formation movement, 
and protect the well from collapse. Cement with low 
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CS cannot withstand the mechanical loads casing, 
formation, and internal/external pressure. Cement 
casings with low CS are not able to withstand 
pressure changes during operations, such as 
secondary cementing or production. Therefore, the 
cement may collapse when the operating pressures 
increase, and it be comes difficult to remediate the 
well in case of failure [14,15].  

Recently, nanomaterials have attracted 
significant interest as drilling cement additives. 
Graphene oxide nanosheets (GONs) are highly 
promising retarders for cement and can increase the 
strength of drilling cement. GONs are two-
dimensional (2D) nanomaterials containing sp2 and 
sp3 hybrid carbon atoms, which act as insulators. 
The GONs layer has a thickness of approximately 
1.1 nm ± 0.2 nm [16]. GONs are hydrophilic and 
easily disperse in water; thus, they can be integrated 
into water-based cement slurries. The oxygen and -
OH functional groups present on GONs surfaces 
promote their interactions with cement and improve 
the interfacial bonding with the cement base 
material. 

Graphene oxide has been widely synthesized 
from natural graphite found in metamorphic rocks, 
igneous rocks, and coal seams. Ahmed added 
synthetic graphite to H-grade cement to improve its 
thickening time and CS. Wang and Shuang 
examined the effect of graphene nanoplatelets 
(GNPs) on the properties, pore structure, and 
microstructure of cement and reported an optimum 
CS of 4.3% for the sample with 0.05 wt% GNPs 
[17]. Chintalapudi and pannem, investigated the 
effect of graphene oxide on the strength of cement 
composites, and an optimum CS of 46% was 
obtained at a dose of 0.03% [18]. Tabatabaei 
investigated the effect of graphene oxide on cement 
durability. The sample with  0.2 vol% graphene 
exhibited a thickening time value of 1 h 55 min and 
an optimum SBS of  75 kN/mm [19]. Cody varied 
the concentration of GNPs in H-Class cement 
suspensions and reported that GNPs modified the 
microstructure of hydrated cement suspensions dried 
at 90°C and 95% relative humidity (RH) by 
strengthening the pore space. Thus, the mechanical 
properties, including Young’s modulus and axial 
peak stress, increased significantly with increasing 
GNPs contents[20]. 

In the oil and gas industry, petroleum coke, also 
known as green coke, is produced by delayed coker 
units in petroleum processing complexes. This 
product is associated with various environmental 
issues, which render its value relatively low. The 
Dumai oil refinery in Indonesia produces petroleum 
coke with a production capacity of 330,000 tons per 
year [21]. The value of this product can be increased 
by using it for the synthesis of carbon products, such 
as graphite, petroleum coke, and GONs, which have 
high technological value. 

In this study, we employed GONs derived from 
graphite petroleum coke as additives to increase the 
cement thickening time and strength.  

The synthesized GONs were characterized by 
Fourier transform infrared (FTIR) and ultraviolet-
visible (UV-Vis) spectroscopy. Furthermore, we 
explored the effects of the GONs on thickening time, 
CS, and SBS of drilling cement. The microstructures 
and pore sizes of the cement samples were analyzed 
by scanning electron microscopy (SEM). Finally, the 
minerals in the drilling cement with and without 
GONs were determined. 
 
2. RESEARCH SIGNIFICANCE 

 
This study focuses on the synthesis of GONs 

from graphite petroleum coke using the liquid 
mechanical exfoliation (LME) method and its effects 
on the thickening time and strength of drilling 
cement. Another nanomaterial-based drilling cement 
additive is nanosilica (SiO2), but it is not as good as 
GONs in improving strength and thickening time. 
GONs have a very strong and stable two-
dimensional structure, which can improve the 
strength of drilling cement by increasing the bond 
between cement particles.  

 
3. MATERIALS AND METHODS 

3.1 Materials and Equipment 
The first material used is graphite petroleum 

coke as an additive mixture for making cement 
samples. Second, class ‘G’ cement has an API 10 
standard with a high sulfate resistant (HSR) type as 
the basic cement in well cementing with a depth of 
up to 8000 ft with a temperature of up to 900 C̊. 
Third, distilled water is used as a mixture in cement 
suspension. The last material is grease which 
functions to coat the cubic mold so that the cement 
is easily released from the mold. 

The equipment used in making samples are 
digital scales, constant speed mixers to mix cement, 
water and additives, atmospheric consistometer used 
to circulate slurry with bottom hole circulate 
temperature (BHCT) temperature, measuring cups, 
stopwatches, hydraulic press used to measure the 
cracking pressure strength, water bath used to 
control the temperature to remain constant in testing 
the hardness of the sample, cubic molds in testing 
cement samples for CS, cylindrical molds in testing 
cement samples for SBS, and vernier calipers. 
 
3.2 Synthesis and Characterization of GONs 

 
Graphite petroleum coke was used as the base 

material for the synthesis of GONs using the LME 
method [22]. This method combines liquid 
exfoliation (LE) and mechanical exfoliation (ME). It 
is easy and cheap, and it does not require explosive 
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chemicals. This method is cheap because it only uses 
a mixer and sonication equipment, compared to the 
chemical vapor deposition (CVD) is a graphene 
synthesis method using SiO2 substrate that requires 
expensive and high-tech equipment [23]. To 
synthesize GONs, 1 g of graphite and a linear 
alkylbenzene sulfonate (LAS) surfactant solution 
were mixed. The surfactant was used to weaken the 
van der Walls bonds and widen the distance between 
the graphene sheets. Next, the solution was then 
blended for 5 min. The blender was set at fixed 
speed that could separate the graphene sheets. The 
solution was then sonicated at a frequency of 40 kHz 
to improve GONs [24]. Because the synthesis was 
performed in the liquid phase, the resulting GONs 
contained a large amount of oxygen. Furthermore, 
the solution was centrifuged and dried at 100˚C to 
produce dry GONs.  The GONs samples were 
characterized using FTIR (Nicolet IS10 
Spectrometer) in the range of 4650-450 cm-1 to 
identify the functional groups present in the samples. 
UV-Vis Spectroscopy (SHIMADZU UV-1800) was 
performed to measure the excitation energy of the 
samples the absorbance of radiation in the UV-Vis 
electromagnetic wave region. 

 
3.2 Cement Supply and Testing 

 
Class G cement was used to prepare drilling 

cement according to the API 10A classification. To 
prepare cement slurry, distilled water was added to a 
mixer cup and mixed at 400 rpm for 15 s. The 
cement powder and GONs were then added to mixer 
cup and mixed at 1200 rpm for 35 s. The 
concentration of GONs was varied, as listed in Table 
1. 
Table 1. Composition of the cement slurry 

 
Sample Mass (gr) 

Cement 
Powder 

Water GONs 

0% 791.237 348.223 0 
0.01% 790.574 348.406 0.079 
0.02% 789.789 348.613 0.158 
0.03% 789.073 348.770 0.236 
0.04% 788.345 349.000 0.315 
0.05% 787.629 349.156 0.394 
0.06% 786.957 349.330 0.472 
 
The thickening time of the samples was 

measured using an atmospheric consistometer. The 
cement slurry was first poured into container to the 
height limit on the boundary line and then covered 
with a greased lid. The container was placed in the 
atmospheric consistometer at a temperature of 140 
°F. The thickening time was recorded when the 
consistometer showed a scale of 70 units of 
consistency (UC). 

The CS and SBS of the samples were determined 
using  a hydraulic press. CS tests were performed 
using cubic samples, where SBS tests were 
performed using cylindrical samples. The cement 
slurry was poured into the molds and then immersed 
in a water bath at 140 °F for 24 h. After  hardening, 
the samples were loaded until they cracked, and the 
CS was recorded as the maximum pressure at crack. 
If the pressure exceeds 3000 psi, initial loading is 
not required. The maximum loading was achieved 
between 20 and 80 s. The CS and SBS were 
calculated with correction constant K using the 
following equations: 
CS   = K × P × ( A1A2)    (1) 
SBS = K × P × (A1πDh)   (2) 

SEM with energy-dispersive spectroscopy 
(SU3500) was conducted to analyze the 
topographies and elemental compositions of the 
samples, and X-ray diffraction (XRD Bruker D8 
Advance) was performed to determine contained in 
the cement samples. 

 
4. RESULTS AND DISCUSSIONS 
4.1 Characterization of GONs 

4.1.1 FTIR 
FTIR spectroscopy was performed to investigate 

the presence of oxygen functional groups bound to 
the samples. Fig. 1 shows the FTIR spectra of the 
GONs. The analysis was based on the excitation of 
molecular bond vibrations through the absorption of 
infrared light with a wavelength range from 4650 to 
450 cm-1. The first peak was observed at a 
wavelength of 3203.90 cm-1, which is attributed to 
O–H stretching (carboxylic group). The peak 
observed at 1634.72 cm-1 is attributed to C=O 
stretching. The C–H stretching group was observed 
at a wavelength of 680.04 cm-¹. These results 
indicate the presence of hydroxyl, carboxylate, and 
carbonyl groups in the samples, confirming that 
GONs were successfully synthesized from graphite 
petroleum coke. In addition, GONs formed a 
chemical structure of conjugated aromatic rings [25]. 

 

 
 
Fig 1. FTIR Transmittance of the synthesized GONs 
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4.1.2 UV-Vis Spectroscopy 
 

Fig. 2 shows the UV-Vis spectra of the GONs. 
The absorbance of GONs causes the excitation of 
electrons form the ground state of the excited state. 

 
 

 
 
Fig 2. Ultraviolet-visible spectra of GONs 

 
Two peak absorbance waves are observed at 228 

and 261 nm, which are attributed to the electron 
transition in the π–π* orbital of the C–C and C=C  
bonds in the sp2 hybrid area and the n–π* transition 
of the C–O bond [26]. The energy gap of the GONs 
was 5.33 eV. which was calculated using the 
following Planck equation: 
 
Eg  = 𝒉𝒉𝒉𝒉

𝛌𝛌
                                              (3) 

    = (𝟔𝟔.𝟔𝟔𝟔𝟔𝟔𝟔 ×𝟏𝟏𝟏𝟏−𝟑𝟑𝟑𝟑 𝑱𝑱.𝒔𝒔)(𝟑𝟑 ×𝟏𝟏𝟏𝟏𝟖𝟖 𝒎𝒎/𝒔𝒔)
𝟐𝟐𝟐𝟐𝟐𝟐 ×𝟏𝟏𝟏𝟏−𝟗𝟗

 

    = 𝟏𝟏.𝟗𝟗𝟗𝟗𝟗𝟗𝟗𝟗 × 𝟏𝟏𝟏𝟏−𝟐𝟐𝟐𝟐 𝑱𝑱
𝟐𝟐.𝟑𝟑𝟑𝟑 ×𝟏𝟏𝟏𝟏−𝟕𝟕 

 
    = 𝟖𝟖.𝟓𝟓𝟓𝟓 × 𝟏𝟏𝟏𝟏−𝟏𝟏𝟏𝟏 J 
  
Converting joules to electron volts: 
 
1 eV = 𝟏𝟏.𝟔𝟔𝟔𝟔𝟔𝟔 × 𝟏𝟏𝟏𝟏−𝟏𝟏𝟏𝟏 𝑱𝑱 
 
So, Eg in eV: 
 
Eg  = 𝟖𝟖.𝟓𝟓𝟓𝟓 ×𝟏𝟏𝟏𝟏−𝟏𝟏𝟏𝟏

𝟏𝟏.𝟔𝟔𝟔𝟔𝟔𝟔 ×𝟏𝟏𝟏𝟏−𝟏𝟏𝟏𝟏
 

 
= 5.33 eV 
 
Where, Eg is the energy gap, h the Planck’s 

constant, c the speed of light, and λ the wavelength. 
 
4.2 Cement Testing 
 
4.2.1Thickening time 

 
Table 2 lists the thickening time of cement 

samples with and without GONs,  and Fig. 3 shows 
the variation in the thickening time with the GONs 
concentration. 

Table 2. Thickening time versus GONs 
concentration at 70 UC 
 

 
The thickening time of the cement slurry without 

additives was approximately 6873 s. When the 
cement was mixed with water, the constituents were 
hydrate as Fig. 4. The compounds formed are 
calcium silicate hydrate (C–S–H) gel, calcium 
hydroxide (CH), strengite, and monosulfate, which 
promoted the binding and strength the of cement 
[27]. 

 

 
 
Fig 3. Cement slurry (cement + water) 

 
The thickening time of the cement slurry 

increased linearly with the GONs concentration. 
Compared with the sample without GONs, the 
thickening time of the sample 0.01% GONs 
increased by 11.19%, and that of the sample with  
0.06% GONs increased by 36.03%. This is 
attributed to hydrophilicity  of GONs [28], owing to 
the presence of hydroxyl and carbonyl functional 
groups at the edges of the structure, as shown in Fig. 
4. Because of its hydrophilicity, when mixed with 
cement slurry, GONs can attract water molecules 
and form water layers around the cement particles 
(Fig. 5). Such layers reduce the dehydration rate of 
cement and slow the bonding among particles, thus 
reducing the cement hardening time. These results 
demonstrate that GONs are good retarders for 
cement slurry, which can delay cement hardening 
time, ensuring that the cement slurry reaches the 
target before hardening. 

No 
Additive 
GONs 

Thickening Time 
at 140°F   

(%) (second) 
1 0 6873 
2 0.01 7637 
3 0.02 7642 
4 0.03 8081 
5 0.04 8360 
6 0.05 8714 
7 0.06 9352 



International Journal of GEOMATE, July, 2025 Vol.29, Issue 131, pp.13-21 

17 
 

 
 

Fig 4. Chemical structure of GONs  
 

 
 
Fig 5. Cement slurry with GONs 
 
4.2.2 Compressive Strength and Shear Bond  

Strength  
 
The addition of GONs to cement slurry increased 

its CS and SBS, as shown in Figs. 7 and 8. The CS 
and SBS of the sample with 0.01% GONs increased 
by 3.99% and 4.69%, respectively, indicating that 
even at a very small concentration, GONs can 
significantly increase the strength of cement.  

The CS and SBS of the samples continuously 
increased with increasing GONs concentration. The 
sample with 0.05% GONs exhibited the maximum 
CS (32.78 MPa) and SBS (6.21 MPa), which were 
recorded at 0.05% GONs, representing 41.40% and 
39.88% increases, respectively, compared with those 
of the samples without GONs. This increase in 
strength is attributed to the fact that GONs act as 
fillers in the cement matrix, thereby filling the space 
between the cement particles and reducing the pore 
size, resulting in a denser and stronger cement 
matrix [29]. In addition, the GONs improve the pore 
structure of cement slurry, thereby reducing the 
absorbency of the cement composite and increasing 
its strength. Graphene oxide aggregates as fibers in 
the cement matrix, thereby increasing its strength, 
toughness, and crack resistance.  

With further addition of GONs up to 0.06%, CS 
and SBS of the samples decreased. However, the 
values were still significantly higher than those of 
the sample without additives and were way above 
the API standard. This result indicates that excessive 
GONs in cement result in their accumulation due to 
intermolecular van der Waals forces, thereby 
reducing their dispersion in the cement slurry [30]. 
At very high GONs concentrations, the water 
demand increased significantly, affecting the fluidity 
of the slurry. These results demonstrate that GONs 
can effectively improve cement strength.  

 

 
 
Fig 6. Variation of the CS cement samples with 
GONs concentration 
 

 
 
Fig 7. Variation of the SBS cement samples with 
GONs Concentration 
 
4.3 Pore testing 
 
4.3.1 SEM 
 

We employed SEM to characterize the 
topography of the cement samples without GONs 
and with the optimum GONs concentration of 
0.05%. Table 4 lists the microcracks and strength of 
the samples. 
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Table 3. Microcracks and strengths of samples with 
and without GONs 

 
Sample Microcrack 

(μm) 
CS (MPa) SBS (MPa) 

A 1.500 – 3.833 23.17 4.44 
B 0.447 – 1,005 32.76 6.21 
 
The topography of the cement without GONs 

with 2000x magnification large and long gaping 
microcracks with gap of 1,500 – 3,833 μm (Fig. 8).  
These microcracks can reduce the CS, and casing 
stability of the slurry, and cause leakage of 
formation fluid. If microcracks in cement are not 
detected or repaired, they can cause problems in the 
next stage of drilling, including difficulty in 
isolating the productive zone or preventing 
contamination between the formations. 

 

 
 

 
 

 
 
Fig. 8 Scanning electron microscopy (SEM) of 
cement sample without GONs at 1000×, 1500×, and 
2000× 

Fig. 9 shows the topography of the cement 
sample with 0.05% GONs, at 2000× magnification. 
The pore size ranged from 0.447 to 1.005 μm, which 
is much smaller than that of the sample without 
GONs. This reduction in pore size is attributed to the 
fact that GONs filled the space between the cement 
particles and reduced the formation of cracks, 
resulting in a denser and sturdier matrix and 
increased cement strength. The addition of GONs to 
the base cement reduces or prevent the spread of 
cracks and the diameter of the pores in cement 
samples, thus improving the mechanical properties 
of the cement composites. Nanosized and 
lightweight GONs can be widely distributed in the 
cementitious material matrix [31].  

 

 
 
Fig 9. SEM of cement sample with 0.05% GONs 

 
EDS mapping was used to determine the 

morphology of the GONs in the cement matrix by 
detecting the carbon and oxygen content. The EDS 
spectra of the sample without GONs are shown in 
Fig. 10, and Fig. 11 shows those of the sample with 
0.05% GONs. The samples contained several 
element: carbon (C), oxygen (O), sodium (Na), 
magnesium (Mg), aluminum (Al), silicon (Si), sulfur 
(S), potassium (K), calcium (Ca) and iron (Fe). 

 

 
 
Fig 10. Energy dispersive spectra (EDS) of the 
cement sample without GONs 

Crack 

Crack in 
cement 

blocked by 
GONs 
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Fig 11. EDS results of the cement sample with 
0.05% GONs 

 
The concentrations of the elemental constituents 

of the samples were determined using the ZAF 
standardless quantitative analysis method (Table 4). 
The sample without GONs contained 16.85% carbon 
and 48.26% oxygen. The carbon and oxygen 
contents increased to 20.78% and 50.17%, 
respectively, with the addition of 0.05% GONs. This 
is because GONs molecules are composed of carbon 
atoms with oxygen functional groups at their edges, 
thereby contributing to the content of both elements 
in the cement composite. In addition, the hydration 
products contributed to the increase in the carbon 
and oxygen contents.  

 
Table 4. EDS results for cement samples without 

GONs and with 0.05% GONs 
 

 
Elements 

Cement without 
GONs 

Cement with 0.05% 
GONs 

Mass (%) Mass (%) 
O 48.26 50.17 
Ca 27.61 22.35 
C 16.85 20.78 
Si 3.43 3.09 

Mg 1.13 0.76 
Fe 1.12 1.61 
K 0.78 0.64 
Al 0.47 0.59 
Na 0.20 - 
S 0.14 - 

Total 100 100 
 
4.3.2 XRD 

 
XRD was employed to determine the minerals in 

the cement samples. As shown in Figs 13 and 14, the 
sample without GONs contained brown millerite 
(Ca2(Al,-Fe)2O5), ferrite (Ca2Fe15.588O25), portlandite 
(Ca(OH)2), strengit (Ca6(Al(OH)6)2(SO4)3(H2O)26), 
lardite (Ca2(SiO4), stishovite (Hg4Sb(OH)3O3), 
pentlandite (Fe1.63Ni1.82Co5.6S8), and calcite 

(CaCO3). In contrast, the samples with 0.05% GONs 
exhibited high calcite content because the calcite 
particles were well bound and evenly distributed in 
the cement matrix. The mass of calcite in the cement 
increased because of the better structural support of 
the GONs enriched cement matrix. In addition, no 
peaks of stishovite and pentlandite were observed, 
but a new compound, plazolite (Ca3Al2(SiO4)1.53) 
was observed, indicating that GONs changed the 
crystal structure of the cement. The plazolite filled 
the voids and substantially changed the porous 
structure to a dense and compact one, thereby 
increasing the strength of the sample. Plazolite is 
chemically similar to calcium hydrosilicates, and 
hydrogranates produce a dense and strong cement 
matrix [32]. 

 
Table 5.  Mineral contained in the cement without 

GONs and with 0.05% GONs 
 

 
Minerals 

Cement 
without 
GONs 

Cement with  
0.05% GONs 

Mass (%) Mass (%) 
Brownmillerite 37 21 

Ferrite 
(Ca-bearing) 

22 2 

Portlandite 20 29 
Ettringite 10 7 
Larnite 6 7 

Shakovite 3 - 
Pentlandite 1.7 - 

Calcite 0.3 16 
 

5. CONCLUSION 
 
GONs were successfully synthesized from 

graphite petroleum coke LME. FTIR revealed (C–H, 
C=O, and O–H) groups at wave-numbers of 680.04, 
1634.72, 3203.90 cm-1. The UV-Vis spectra of the 
sample show two absorbance peaks at 233 and 261 
nm. The cement thickening time was increased by 
36% with the addition of 0.06% GONs. This is 
attributed to the hydrophilicity of GONs, which 
promotes the cohesion of water molecules to form 
water layers around the cement particles, thereby 
reducing reducing the dehydration rate of the cement 
and slowing down the bonding of the particles and 
thus the thickening time of the cement.  The addition 
of GONs also increased the cement strength. The 
sample containing 0.05% GONs exhibited the 
maximum CS and SBS of 4754.71 and  901.20 psi, 
which represent approximately 41% and 39% 
increases, respectively, compared with those of the 
sample without GONs. These results indicate that 
GONs improved the cement pore structure. GONs 
filled the space between the cement particles and 
reduced the pore size of the cement sample from 
3,833 to 1,005 μm (approximately 73%), resulting in 
a denser and stronger cement matrix.  
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The increased strength can make the well 
structure more resistant to high pressure and extreme 
environments underground. Longer thickening time 
gives the operator additional working time to pump 
the cement into the well before it hardens, ensuring a 
more even spread of cement between the casing and 
the rock formation. Under high temperature and 
pressure (HPHT) conditions, GONs reinforced 
cements are more resistant to thermal and chemical 
degradation. 

 
6. ACKNOWLEDGEMENTS 
 

The authors would like to thank the Ministry of 
Education, Culture, Research, and Technology 
through the DRTPM Grant funding program in 2024 
with contract number 043/LL10/PG.AK/2024, 
007/DPPM-UIR/HN-P/2024, and all teams who 
have helped in the implementation of this research. 

 
7. REFERENCES 
 
[1] Lee J.B, Kim S. S, Lee Y. J, Jang I. S, and  

Kim J. Y., A Study on the Pre-Hardened 
Shrinkage Reduction of Grout Using Carbon 
Materials, Materials (Basel)., Vol.17, Issue 
15, 2024, pp.25–27. 

[2] Arif A. T. S., Kajian Laboratorium Pengaruh 
Penambahan Konsentrasi ‘Lignosulfonat’, 
‘Halad 22a’ Dan ‘R-21ls’ Retarder Semen 
Kelas G, Terhadap Thickening Time, 
Compressive Strength Danrheology Bubur 
Semen Arbeansyah, Semin. Nas. 
Cendekiawan 2015, Vol.151, 2015, pp. 10–
17. 

[3] Umar M, Novrianti., Studi Laboratorium 
Pengaruh Variasi Temperatur Pemanasan 
Arang Batok Kelapa Terhadap Thickening 
Time dan Free Water Semen Pemboran, 
Journal Earth Energy Engineering, Vol.6, 
Issue 1, 2017 pp. 38–43. 

[4] Samura L, and Zabidi L., Pengujian 
Compressive Strength Dan Thickening Time 
Pada Semen Pemboran Kelas G Dengan 
Penambahan Additif Retader, PETRO 
Jurnal, Vol.6, Issue 2, 2018, pp. 49–54. 

[5] Wang  Y., Synthesis of aminated calcium 
lignosulfonate and its adsorption properties 
for azo dyes, Journal of Industrial and 
Engineering Chemistry, Vol.61, 2017, pp. 
321–330. 

[6] Yang Z, Peng H, Wang W, and Liu T., 
Crystallization behavior of poly(ε-
caprolactone)/layered double hydroxide 
nanocomposites, Journal of Applied 
Polymer Science,  Vol.116, Issue 5, 2010, 
pp. 2658–2667. 

[7] Ahmed  S, Ezeakacha C. P, and Salehi S., 
Improvement in Cement Sealing Properties 

and Integrity Using Conductive Carbon 
Nano Materials : From Strength to 
Thickening Time, SPE Internasional, Issue. 
Fink 2012, 2018. 

[8] Novrianti., Studi Laboratorium Pengaruh 
Nanocomposite Nanosilika dan Arang 
Cangkang Kelapa Sawit Dengan Variasi 
Temperatur Pemanasan Terhadap Free 
Water dan Kekuatan Semen Pemboran, 
Journal Earth Energy Engineering, Vol.5, 
Issue 1, 2016, pp. 21–27. 

[9] Long Z, Chen Y, Yin W, Wu X, and Wang 
Y., The Effects of Graphene Oxide-Silica 
Nano-Hybrid Materials on the Rheological 
Properties, Mechanical Properties, and 
Microstructure of Cement-Based Materials, 
Materials (Basel), Vol. 15, Isuue 4207, 
2022, pp. 1-24. 

[10] Amalia, Setiawan Y, Tiyani L, and  
Murdiyoto A., Effect of Rice Husk Ash and 
Steel Fibers on Self-Compacting Concrete 
Properties, International  Journal  of  
GEOMATE, Vol.25, Issue 108, 2023 pp. 
130–137. 

[11] Tariq Z, Murtaza M, and Mahmoud M., 
Effects of Nanoclay and Silica Flour on the 
Mechanical Properties of Class G Cement, 
ACS Omega, Vol.5, Issue 20, 2020, pp. 
11643–11654. 

[12] Abdraimov I, Talal A, Kopzhassarov B,  
Kuttybai M, Akhmetov D, and Tynybekov 
R., Strength and Durability Effect of Self-
Compacting Concrete Reinforcement With 
Micro-Silica and Volume Fiber, 
International  Journal  of  GEOMATE, Vol. 
27, Issue 119, 2024, pp. 26–33, 2024.  

[13] Huda A, Hamid A, and Sulistyanto D., 
Pengaruh Penambahan ‘Barite’, ‘Hematite’, 
Dan ‘Mecomax’ Terhadap Thickening Time, 
Compressive Strength, Dan Rheologi Buburr 
Semen Pada Variasi Temperatur (BHCT) Di 
Laboratorium Pemboran Dan Produksi, 
PETRO Jurnal, Vol.7, Issue 2, 2018, pp. 47–
58. 

[14] Khalid I, Musnal A, Novriansyah A, and 
Sitanggang K., Aplikasi Bentonite Lokal 
Terhadap Nilai Compressive dan Shear 
Bond Strength Suspensi Semen Sumur 
Minyak Application of Local Bentonite to 
Compressive Value and Shear Bond 
Strength for Oil Well Cement Suspension, 
Journal Saintis, Vol.20, Issue 2, 2020, pp 85-
92.  

[15] Jantarachot K, Yodsudjai W, Nokkaew N, 
and Prayongphan S., Compressive Strength 
of Recycled Aggregated Concrete From 
Concrete Waste and Plastic Waste, 
International  Journal  of  GEOMATE, 
Vol.25, Issue 108, 2023, pp. 72–80. 



International Journal of GEOMATE, July, 2025 Vol.29, Issue 131, pp.13-21 

21 
 

[16] Schniepp H. C., Functionalized single 
graphene sheets derived from splitting 
graphite oxide, Journal of Physical 
Chemistry B,  Vol.110, Issue 17, 2006, pp. 
8535–8539. 

[17] Wang B, and Shuang D., Effect of graphene 
nanoplatelets on the properties, pore 
structure and microstructure of cement 
composites, Material Express, Vol.8, Issue 
5, 2018, pp. 407–416. 

[18] Chintalapudi K, and Pannem R. M. R., 
Strength properties of graphene oxide 
cement composites, Materials Today: 
Proceedings, Vol.45, Issue xxxx, 2020 pp. 
3971–3975. 

[19] Tabatabaei M, Taleghani A. D, and Alem 
N., Surface-modified graphite nanoplatelets 
to enhance cement sheath durability, SPE 
Drilling and Completion, Vol.35, Issue 3, 
2020, pp. 452–464,. 

[20] Cody Massion, Yunxing Lu, Dustin 
Crandall, and Andrew Bunger, Graphene 
nanoplatelets reinforced cement as a solution 
to leaky wellbores reinforcing weak points 
in hydrated Portland cement with graphene 
nanoparticles improves mechanical and 
chemical durability of wellbore cements, 
Journal Cement and Concrete Composites, 
Vol. 133, 2022, pp. 1–36. 

[21] Suripto., Petroleum Coke Sebagai Bahan 
Baku Industri Karbon, Jurnal Informasi 
Teknologi Keramik dan Gelas, Vol. 31, 
Issue 1, 201. 

[22] Pratiwi P. D., Preparation Nanomaterial 
Carbon Using The Liquid Mechanical 
Exfoliation by Linear Alkylbenzene 
Sulfonate with Variation Time of Mixing 
Ingreedients, Journal of Physic, 2016, pp. 1- 
9.   

[23] Ilhami M. R, and Susanti D., Pengaruh 
Massa Zn Dan Temperatur Hydrotermal 
Terhadap Struktur Dan Sifat Elektrik 
Material Graphene, Journal   Teknik ITS, 
Vol. 3, Issue 2, 2014, pp. F185–F190. 

[24] Chemat F, Zill-E-Huma, and Khan M. K., 
Applications of ultrasound in food 
technology: Processing, preservation and 
extraction, Ultrason. Sonochem., Vol. 18, 

Issue 4, 2011, pp. 813–835. 
 [25] Cao N, and Zhang Y., Study of Reduced 

Graphene Oxide Preparation by Hummers’ 
Method and Related Characterization,  J. 
Nanomater., Vol. 2015, Issue 1, 2015 pp. 1-
5.  

[26] Mursyidah, Nur Hadziqoh, H. Binti Mod 
Zaid, and Rahmayeni F., The Effect of 
Graphene Oxide Biomass as Filtration Loss 
Control Agent of Water-Based Mud Fluid, 
International Journal of Natural Science and 
Engineering, Vol. 7, Issue 2, 2023, pp. 172–
181.  

[27] Anil P, Nair K, Luiz W, and Paine K., A 
review on applications of sol-gel science in 
cement, Journal Construction and Building 
Materials, Vol. 291, 2021, p. 123065. 

[28] Adéla Jiˇríˇcková, Ondˇrej Jankovský, David 
Sedmidubský., Synthesis and Applications 
of Graphene Oxide, International Journal of 
Materials, Vol.15, Issue 920, 2022,  pp. 1–
21. 

 [29] Qureshi T. S., Panesar D. K., Sidhureddy B., 
B. Chen B., and Wood P. C., Nano-cement 
composite with graphene oxide produced 
from epigenetic graphite deposit, Journal of 
Composites Part B: Engineering, Vol.159, 
2019, pp. 248–258. 

[30] Yahui Wang, Jiawen Yang, and Dong 
Ouyang, Effect of Graphene Oxide on 
Mechanical Properties of Cement Mortar 
and its Strengthening Mechanism, 
International Journal of Materials,  Vol. 13, 
Issue 5436, 2019, pp. 1–18. 

[31] Zheng Q, Han B, and Ou J., Graphene-
engineered cementitious composites: Small 
makes a big impact, Journal of 
Nanomaterials and Nanotechnology, Vol.7, 
2017, pp. 1–18. 

 [32] Pushkarova K, Kaverin K, and Gadayuchyk 
D, Modified Light Concrete of High 
Strength, MATEC Web of Conferences, 
Vol. 230, Issue 03015, 2018,  pp. 1–14. 

 

 

Copyright © Int. J. of GEOMATE All rights reserved, 
including making copies, unless permission is obtained 
from the copyright proprietors.  


	EFFECT OF GRAPHENE OXIDE NANOSHEETS FROM GRAPHITE, PETROLEUM COKE ON CEMENT PROPERTIES
	1. INTRODUCTION
	2. RESEARCH SIGNIFICANCE
	3. MATERIALS AND METHODS
	4. RESULTS AND DISCUSSIONS
	4.1 Characterization of GONs
	4.1.2 UV-Vis Spectroscopy
	4.2 Cement Testing
	4.2.2 Compressive Strength and Shear Bond
	Strength

	4.3.2 XRD
	7. referenceS


