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Abstract: This study presents the utilisation of Propylene Carbonate (PC),
Article History along with an alkali-based solution, to modify the Hydroxyethyl Methyl
Cellulose (HEMC) polymer to mitigate the thermal degradation of cellulose

Received: ether. The experimental results from FTIR and XRD analysis confirmed the
10-Nov-2024 addition of a new function group to the HEMC backbone and the formation

of a new organic carbonate-based cellulose ether. Shear viscosity
Revised: experiments were conducted at concentrations of 0.50-wt.% to 2-wt.% at
15-Dec-2024 ambient and elevated temperatures ranging from 80°C-110°C using a

rheometer. All polymeric solutions exhibited shear-thinning behaviour, and

?f_';;’g%% 4 the viscosity of polymeric solutions was enhanced by increasing the

concentration of modified HEMC solutions. The modified HEMC solutions
Accepted: exhibited higher viscosity at 1000 s-1 shear rate at 110°C compared to the
13-Jan-2025 native HEMC solutions, confirming the enhanced thermal stability of the

PC-based modified HEMC solution. Alkali-based modified HEMC solution
Published: exhibited low shear viscosity at ambient temperature. The alkali-based
20-Jan-2025 polymeric solution’s viscosity was increased by 48% at a high shear rate at

110°C. In conclusion, 0.50-wt.% and 01-wt.% concentration of alkali-based
PC-modified HEMC solution proved efficient in maintaining viscosity
under ambient conditions, increasing solubility and exhibiting improved
thermal stability at geothermal conditions for oil field applications.

Keywords: Propylene carbonate, Cellulose ether, Viscosity, Organic carbonate, Concentration,
Thermal degradation, Rheological properties, Hydroxyethyl methyl cellulose.

How to Cite: Abbas, G., Memon, F. H., Shaikh, A. S., Chandio, T. A., Memon, K. R., & Tunio, A. H.
(2025). Enhancing thermal stability and viscosity of cellulose ether using propylene carbonate as a
transesterification agent for oilfield applications. Asian Journal of Science, Engineering and
Technology (AJSET), 4(1), 1-18. https://doi.org/10.47264/idea.ajset/4.1.1

Copyright: © 2025 The Author(s), published by IDEA Publishers Group (AJSET IDEA-PG).

License: This is an Open Access manuscript published under the Creative Commons Attribution 4.0
(CC BY 4.0) International License (http://creativecommons.org/licenses/by/4.0/).

[OMe e 1



http://ideapublishers.org/index.php/ajset
http://creativecommons.org/licenses/by/4.0/

Enhancing thermal stability and viscosity of cellulose ether ... G. Abbas et al.

1. Introduction

Cellulose ethers are valuable chemical compounds derived from natural cellulose through
etherification. Their water solubility, biodegradability, non-toxicity and renewable sourcing
make these compounds environmentally friendly with versatile applications (Lopez &
Richtering, 2021). These applications include thickening, improving texture, stabilising
emulsions and suspensions, serving as binder and adhesive, forming films, protecting colloids
and functioning as structural agents (Zheng et al., 2019). Based on their unique characteristics
and rheological properties, cellulose ethers are widely used in various industries, including
coatings construction, food pharmaceuticals, and oil and gas sector (Sun et al., 2018; Wei et
al., 2020). In the petroleum industry, cellulose ethers serve as indispensable materials for
applications that include drilling, cementing, enhanced oil recovery, fracturing, and workover
operations. During drilling operations, the cellulose ether is a viscosity modifier and fluid loss
control agent to optimise the drilling fluid properties (Khan et al., 2024). For enhanced oil
recovery, they are employed to improve the oil displacement efficiency by modifying the
viscosity of the injected fluid (Xiong et al., 2024). In hydraulic fracturing, they act as gelling
agents to suspend proppants, facilitating better fracture propagation and conductivity (Sun et
al., 2024).

Additionally, during workover operations, cellulose ethers contribute to effective wellbore
cleaning and the prevention of formation damage, thereby maintaining the integrity and
productivity of oil and gas wells. Cellulose ethers and their derivates like Methylcellulose
(MC), Carboxymethyl Cellulose (CMC), Hydroxyethyl Cellulose (HEC), Hydroxyethyl
Methyl Cellulose (HEMC) and Hydroxypropyl Methylcellulose (HPMC) play crucial roles in
cement slurries. In cement slurries, these biopolymers serve as multifunctional additives that
improve slurry performance and decrease the quantity of other chemical additives. These
biopolymers enhance slurry performance by increasing viscosity, reducing permeability,
controlling fluid loss and preventing free water separation through cement slurries. However,
at high temperatures, their chemical structure degrades their viscosity and diminishes their
effectiveness (Abbas et al., 2013; Sabzian mellei ef al., 2022). For instance, Hydrolysed
Polyacrylamides (HPAM) and HEC lose their viscosity at 70 °C and 60 °C, respectively (Pope,
2011). Starch and CMC degrade significantly above 90 °C, whereas xanthan gum weakens at
temperatures above 85 °C (Abbas et al., 2020). Moreover, Polyalkylamine (PAM) precipitates
at temperatures higher than 80 °C (Hamza et al., 2019).

Various strategies have been researched and implemented to synthesis and regenerate polymers
to solve their heat deterioration. To improve the thermal stability of polymers, ionic liquids and
solvents have been investigated (Xia et al., 2020). However, toxic ionic liquids pose challenges
as they require multiple derivation steps, additional catalysts and high temperatures reactions,
making the process more complex (Ojogbo et al., 2020). Blending and mixing of high
molecular weight polymers have been utilised to increase thermal stability. The range of
thermal degradation has been expanded by blending different cellulose ethers, including HEC,
starch, CMC and xanthan. However, combining polymers influences the solution’s zeta
potential (Lashari & Ganat, 2021). Increasing the concentration of the polymer is another
efficient way to increase the degradation temperature range. Higher polymer concentrations
strengthen intermolecular forces and enhance polymer-polymer interactions, increasing the
polymer’s thermal degradation resistance (Chandio et al, 2021; Qi, 2014). The higher
concentrations and polymer combinations increase fluid viscosity at ambient temperature and
surface conditions, optimising their performance for petroleum industry applications (Abbas et
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al., 2015). However, the increased viscosity requires higher shear rates and pump pressures to
effectively displace polymer and fluid in the wellbore at the surface and ambient temperature
conditions. High viscosity during fluid displacement at ambient and surface conditions can
affect rheology and may lead to wellbore damage or formation fractures due to excessive pump
pressure and shear stress (Reddy etz al., 2012). As a result, there is currently no widely used
polymer solution that effectively enhances the fluid characteristics in geothermal settings
during the drilling and cementing of oil and gas wells.

Organic carbonate is a green co-solvent regarding environmental impact and safety. Organic
carbonates are considered an alternative to previously used ionic liquids (Dutta et al., 2020).
Researchers have explored using organic carbonates as co-solvents to modify and enhance
polymer properties. However, the utilisation of organic carbonate to modify the cellulose ether
and other polymers is an unexplored area as found in the literature. In our previous study, the
organic carbonate was utilised to modify the polymer composite. The utilisation of organic
carbonate effectively improves the characteristics of cellulose ether, as concluded in our
previous study (Abbas et al., 2023a). The molecular weight of cellulose ether increased, where
zeta potential and thermal stability of the polymer composite was enhanced (Abbas et al.,
2023b). The change in cellulose ether properties is expected to impact the material’s resistance
to shear stress and enhance its rheology in geothermal conditions. Therefore, it is crucial to
investigate the impact of temperature and polymer concentration on rheology at various shear
rates to use cellulose ether and its derivatives in cement and drilling fluid for oil and gas
applications.

Propylene Carbonate (PC), Ethylene Carbonate (EC), Diethyl Carbonate (DEC), and Dimethyl
Carbonate (DMC) are organic carbonate solvents, both cyclic and acyclic, that are
biodegradable and exhibit low toxicity. These solvents have been explored as eco-friendly co-
solvents for modification processes and are regarded as safer and more environmentally
conscious alternatives to traditional ionic liquids. Their green chemistry attributes make
organic carbonates highly promising candidates for use as sustainable solvents and effective
transesterification agents in modification applications (Dutta et al., 2020). This research used
PC, an organic carbonate, as a transesterification agent to modify the HEMC solution. This
research aims to determine the optimal concentration and temperature range for utilising
modified HEMC solutions in oilfield applications. The study expects to identify a modified
HEMC formulation with improved rheological properties and enhanced thermal stability for
high-temperature environments.

This study aims to evaluate the viscosity at various concentrations and temperature ranges to
determine the ideal concentration and maximum temperature of degradation for utilising
modified HEMC solution in drilling fluid and cement slurry. The novel aspect of this research
is to modify the HEMC and determine the impact of organic carbonate and NaOH on the
rheological properties of the polymeric solution. The modified HEMC composite was
characterised using FRIR and XRD analysis. Next, the modified solution’s rheology in terms
of viscosity was determined at a concentration of 0. 50 wt.%, 01 wt.%, 1.50 wt.%, and 2 wt.%.
To assess the maximum temperature of thermal degradation of modified HEMC, the effect of
temperature at both ambient and elevated temperatures 80 °C to 110 °C was also determined. It
is expected that PC based modified HEMC solutions will exhibit enhanced thermal stability
compared to unmodified HEMC. Further, adding NaOH will further improve the viscosity and
thermal stability of the modified HEMC solution.
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2. Materials and methods
2.1. Materials

In this study, Hydroxyethyl Methylcellulose (HEMC) was obtained as a white to off-white
powdered material, characterised by an 80-mesh particle size, Degree of Substitution (DS) of
1.4, molar substitution (MS) of 0.2 and molecular weight 9x10* g/mol from GANTRADE
Corporation, China. Propylene Carbonate (PC) (C4HeO3) of GR grade, with a specific gravity
of 1.20, boiling point of 240 °C and flash point of 123 °C was purchased from Daejung
Chemical & Metals, Korea. Sodium Hydroxide (NaOH) white pellets of GR grade of 98 %
purity and a density of 2.13 g/cm® used to activate the PC for cellulose ether modification were
purchased from Daejung Chemical and Metals, Korea.

2.2. Methods
2.2.1. Synthesis of polymer composite

To modify and graft HEMC, the powder was spread in a thin layer, and the organic carbonate
(PC) was applied directly to the polymer surface. The mixed composite was placed in the roller
oven at 80 °C for 12 hours to initiate the chemical reaction. The dry and wet method was used
to mix and synthesis the sample. The optimal concentration ratio of HEMC to PC composite,
1:0.2 was used for modification and confirmed through FTIR analysis.

2.2.2. Characteristics measurement of polymer composite

In characteristics measurement, a PerkinElmer FTIR spectrometer determined the functional
group of polymers composite. The spectrum was recorded across 500-4000 cm™' wavenumber
range, having 32 scans at a resolution of 4 cm™ (Memon et al., 2023). Furthermore, the
structural analysis was evaluated using PANalytical X-ray diffraction (XRD). The structure
was analysed at 2 theta diffraction angle range of 10° to 40°. In structural analysis, the
crystallinity index of the composite was determined using the deconvolution method using
crystallinity equation (Owi ef al., 2016).

Icr—Iar

Icr

Cl = [ ]* 100% (1)

Ier denotes the intensity of the highest peak of the crystalline region, and Iar represents the
intensity of the amorphous region in the XRD spectrum.

2.2.3. Rheology measurement

The polymer solution was initially prepared for rheology measurement. The solution was
prepared by mixing modified and unmodified HEMC composite in deionised water using
magnetic plate stirrer separately. The polymer solution ranging 0.50 wt.% to 2 wt.% was
prepared by changing the quantity of polymer composite in deionised water. The rheology of
prepared polymeric solutions was determined by measuring viscosity at different shear rates of
0.01 s to 1000 s'. The effect of temperature was evaluated across a range of conditions,
including ambient temperature at 25 °C, as well as elevated temperatures of 80 °C, 90 °C, 100
°C, and 110 °C. A rheometer (AR 1500, TA Instruments-USA) with a 40 mm cone and plate
geometry at 2° angle was used for the evaluations.
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3. Results and discussion
3.1. Functional group analysis

The FTIR spectra of the native and modified HEMC polymer samples reveal significant
functional group characteristics as presented in Figure 1. The molecular structure contains free
hydroxyl groups indicated by the broad band at 3442 cm™ corresponding to O-H stretching
(Yusuf et al., 2022). Aliphatic group C-H stretching, frequently linked to crystalline cellulose,
is responsible for vibrations between 2920 cm™ and 2517 cm™ (Parid ef al., 2018). A weak
intensity peak at 2517 cm™ due to the vibration of the cellulose unit corresponds to sp® C-H
stretching. A definite transmittance peak observed at 1422 cm™! represents the availability of
amorphous crystalline structure in cellulose ether. Furthermore, a moderate band at 1633 cm™!
corresponds to C=0 stretching vibration, and is associated with the secondary hydroxyl group
(Indran et al., 2014). In Figure 1 print region, the weak intensity band at 714 cm™ and 898 cm
! represents the alkyl and methyl group, which represents the unique characteristics of HEMC
(Figueiredo et al., 2021).

Figure 1: FTIR Spectrums of unmodified and modified HEMC composite
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The modified HEMC composite’s FTIR spectrum shows distinctive bands connected to the
organic carbonate in carbon-hydrogen bond, methoxy group and carbonyl group stretching
regions. A weak symmetric peak at 867 cm™! in unmodified HEMC composite was observed to
move to a weaker transmittance in the C-H band region of the modified HEMC composite.
This new peak in structural isomer generation within the alkyl structure confirmed the chemical
modification of HEMC composite. Furthermore, in the spectral region corresponding to the
methoxy group (O-CHs) of the native polymer, a distinct and strong transmittance peak was
observed at 1422 cm™. This peak signifies the characteristic vibrations associated with the
methoxy functional group, underwent a notable change in intensity in the modified polymer
samples. This change implies that new functional groups have been added to the HEMC
backbone. Moreover, a clear new peak in the C=O stretching region at 1804 cm™ appeared in
the modified polymer sample, confirming that PC successfully substituted and modified the
HEMC polymer surface. Additional transmittance changes in the C-H stretching region and
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changes in the intensity of the C=0 bands highlight the structural transformation caused by
organic carbonates. For instance, changes in the stretching regions of O-H and C-H show that
the modifying agents have successfully interacted chemically. Alterations in the transmittance
bands linked to the C=0O and O-CHs groups representing structural changes in the cellulose
ether support these changes. The elemental analysis confirmed the successful grafting of PC
onto the polymer by revealing an increased carbon content.

3.2.  Structural analysis

In XRD analysis, the native and modified HEMC composite shows the diffractogram peaks at
20.5°, 27.5 ° and 32 ° regions of 2 theta, as observed in Figure 2. The humps in XRD profile
shows that the polymeric composite is semi-crystalline in nature as it has crystalline and
amorphous broad hump (Santos et al., 2013). The sharp peak at 32 ° regions shows the semi-
crystalline nature of HEMC. The shape of the modified HEMC composite remains the same
after modification through PC. However, the intensity of the hump was slightly reduced and
shifted to 31.6 ° as observed in Figure 2. Moreover, the diffraction peak at 20.5 ° in the PC
modified HEMC sample becomes broader, indicating the amorphous content in the polymeric
composite. In contrast, the native HEMC sample showed a higher crystalline-to-amorphous
ratio as analysed through the sharp peak at 32 °. The solubility of the polymeric solution is
associated with reducing crystallinity. Therefore, the decreased crystalline of the modified
HEMC aligns with their enhanced solubility. The change in structure to the amorphous phase
of the modified HEMC composite is attributed to the disruption of the cellulose crystalline
region during the modification process.

Figure 2: XRD structural pattern of unmodified and modified HEMC composite

(a) (b)

1

I

I

E] —’/\\-‘A-—‘ I

:? 1

© - |
— 3

> HEMC (unmodified polymer) 8 :

‘@ > I

c 7 1
2 T

£ £ !

:

HEMC+PC (modified polymer) :

1

1

:

T T T T T T . T
10 15 20 25 30 35 40 3.0 315 320 325 334
2 Theta (degree) 2 Theta (degree)

The Crystalline Index (Crl) of polymer samples was determined using the deconvolution
method. The crystallinity index of the native HEMC sample was 54.8%. Removing
hemicellulose becomes easy by alkaline conduction during modification process, and it helped
reduce the crystallinity. Further, the Crl of the modified HEMC sample was 52.3 % due to the
change in the composite structure towards amorphous in nature. The reduced Crl in the PC
based modified sample was due to the disruption in crystalline structure, including cellulose
molecule distortion and dissociation (Fang et al., 2002). The reduction in the crystallinity index
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confirms the successful incorporation of PC on the native HEMC surface, validating the
findings.

3.3. Rotational flow properties

The flow properties of native and modified HEMC solutions were determined by changing the
concentration, temperature and shear rate. The flow properties of the polymer solutions were
determined in terms of viscosity analysis by changing the shear rate of each polymer solution
separately.

3.3.1. Effect of concentration on viscosity

The impact of concentration on the viscosity of all polymeric solutions were determined by
changing the shear rate from 0.01 s' to 1000 s™! at ambient temperature. The viscosity of both
native and modified HEMC solutions was determined at 0.50 wt.%, 1 wt.%, 1.5 wt.% and 2
wt.% concentrations as shown in Figure 3 and Figure 4. It is observed that the viscosity of all
polymer solutions increased with increasing polymer concentration from 0.50 wt.% to 2 wt. %.
At a minimum shear rate of 0.01 s™', the viscosity of the native HEMC solution was 3032 cP
as observed in Figure 3. Viscosity increased with the concentration of the polymer, reaching
3421 cP at a concentration of 1 wt.%. Similarly, the viscosity further increased to 3750 cP and
4226 cP for HEMC concentrations of 1.5 wt.% and 2 wt.%, respectively. At the maximum
shear rate of 1000 s7!, the viscosities were reduced to 170 cP, 440 cP, 797 cP, and 1206 cP for
the same concentrations. Similarly, the PC-modified HEMC solutions exhibited a viscosity of
4432 cP at 0.5 wt.% concentration, which increased to 4693 cP, 5039 cP, and 5708 cP for 1
wt.%, 1.5 wt.%, and 2 wt.% concentrations, respectively, at the minimum shear rate.

Figure 3: Shear rate vs viscosity of native HEMC solutions at different concentrations

- HEMC Polymar (0.5 wi'%)
I  — - HEMC Polymer (1 wtds)
i~ HEMC Polymar (1.5 wi%)
4000 ¥ b - W HEMC Polymier (2 wite)
b
r Y A, i 1 ........................
— | i 1
L
DLT-‘ - - - - ‘!. N w
. 3000 .- . ™ | ™y
== .
= - 4 b
=) = : F ..
o m 1! ok ¥
Z 2000 - - oy
= T [ | | A
@ i . 1 "] .\
— C— I F Y
o i - i "oy
o = 2009 - J i F
2 fuw] ' | phiN
1000 i -~ ; LF
[ - I [ ]
o ; ¢
{
! 208 4@ €30 8w 406 '
0 R N T L T — e W
0.01 0.1 1 10 100 1000
Shear Rate (1/s)

The higher density of polymer molecules in solutions, which results in improved intermolecular
interactions and entanglements, is responsible for increased viscosity with concentration.
Higher concentrations cause the polymer chains to be packed closer together, which limits their
mobility and raises their viscosities. The solutions network structure is further enhanced by the
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development of micelle-like aggregates and the predominance of van der Waals forces, which
fortify intermolecular bonds and raise viscosity (Martinez et al., 2022).

Figure 3: Shear rate vs viscosity of modified HEMC solutions at different concentrations
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Both the native and modified polymer solution’s viscosity profiles showed shear-thinning
behaviour at all concentrations, with viscosities falling as the shear rate rose. For instance,
when the shear rate is 1000 s, the viscosity of the native HEMC solution (0.5 wt.%) dropped
from 3033 cP to 170 cP, and the PC-modified HEMC solution dropped from 4432 cP to 1347
cP. The viscosity decreased due to the polymer chains disentangling and aligning in the flow
direction at higher shear rates. Pseudoplastic fluids exhibit shear-thinning behaviour (Clasen &
Kulicke, 2001; Yeun et al., 2005). By lowering flow resistance at high shear rates, shear-
thinning enables polymer solutions to provide high viscosity at low shear rates, which aids in
suspending drilling cuttings while lowering pumping pressure and energy needs (Jang et al.,
2015). The significant aggregation and entanglement of polymer chains in aqueous solutions
is responsible for the increased viscosity of the PC-modified HEMC solutions, especially at
low shear rates. Higher shear rates cause these chains to partially align and uncoil, lowering
viscosity (Taylor & Nasr-EI-Din, 1998; Xu et al., 2013). Given that maintaining ideal
rheological characteristics is essential for operational efficiency in well-cementing and
polymer flooding projects, the modified solution’s pseudoplastic nature raises the possibility
that they could be good candidates.

The viscosity comparison of unmodified and PC-modified HEMC solutions at different
concentrations (0.5 wt.%, 1 wt.%, 1.5 wt.%, and 2 wt.%) at ambient temperature was also
analysed. Across all concentrations, the modified HEMC solutions exhibited significantly
higher viscosities than their unmodified solutions. At a concentration of 0.5 wt.% and a shear
rate of 0.01 s, the viscosity of the modified HEMC solution was approximately 46% higher
than that of the unmodified solution, as shown in Figure 5. The chemical reaction during the
modification process results in the grafting of new functional groups, as observed in FTIR
analysis on the cellulose ether backbone. Further, In the reaction process, hydroxyethylation of
cellulose typically enhances solubility, while inter- and intra-annular intrachain formation
increases the molecular weight of the polymer (Abbas et al., 2023a). Therefore, the
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enhancement in viscosity can be attributed to the increased molecular weight of the modified
HEMC polymer composites, which is higher than the unmodified polymers.

Figure 4: Viscosity comparison of native and modified HEMC solution
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The addition of structural complexity brought about by the organic carbonate-based
modification results in improved rheological characteristics and stronger intermolecular
interactions. The impact of concentration on viscosity was consistent across higher
concentrations, with modified solutions at 1 wt.%, 1.5 wt.%, and 2 wt.% also display
significantly higher viscosities than their unmodified counterparts, as analysed from Figures 3
and Figure 4.

The greater viscosity of the modified solutions can be attributed to the increased polymer
concentration in the aqueous solution. The presence of organic carbonate in the modified
HEMC increases the density and interaction of the polymer molecules, which enhances the
entanglement and aggregation of the polymer chain. As a result, the network structure becomes
stronger, raising the solutions’ viscosity.

3.3.2. Effect of temperature on viscosity of polymer solution

The thermal behaviour of unmodified and PC based modified HEMC solutions were evaluated
at different concentrations across different temperatures (25 °C and 80 °C to 110 °C). The
temperature-dependent viscosity profiles of native and modified HEMC solutions are shown
in Figures 6 (a-d) and Figure 7 (a-d).

All solutions, irrespective of the concentration or modification, showed a general trend of
decreasing viscosity with increasing temperature. For unmodified HEMC solutions, viscosity
at 0.5 wt.% decreased from 3035 cP at 25 °C to 1467 cP at 110 °C under the shear rate of 0. 01
s~! as shown in Figure 6. At a higher shear rate of 1000 s™!, viscosity approached negligible
values at elevated temperatures, highlighting the shear-thinning nature of the polymer. Similar
trends were observed for higher concentration (1 wt.%, 1.5 wt.%, and 2 wt.%), with significant
reductions in viscosity as temperature increased.
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Figure 5: Shear rate vs viscosity at ambient and elevated temperatures of native HEMC solution, (a)
0.50 wt.% concentration, (b) 0.50 wt.% concentration, (c¢) 0.50 wt.% concentration, (d) 0.50
wt.% concentration

(@) Viscosity at 25 °C 4000 (b Ve a s
3000 4 —— Viscosity at 80 °C |-#— Viscosity at 80 °C
—A— Viscosity at 90 °C 3500 |-&— Viscosity at 90 °C
—¥— Viscosity at 100 °C |—w— Viscosity at 100 °C|
2500 4 —m— Viscosity at 110 °C [-m— Viscosity af 110 °C]
o o 3000
A
2 2500
@
]
2 2000
<
-
c
© 1500
]
aQ
aQ
<€ 1000
500
T T O T T T

T — T T U
0.01 0.1 1 10 100 1000 0.01 0.1 1 10 100 1004

Shear Rate (1/s) Shear Rate (1/s)
4500 -
4000 (C) [ Viscosity at 25°C (d) t \\ﬁ:ﬂ:x’:}égg
O - Viscosity at 80 °C e A Viscosity at 90 °C
* A Viscosiy a1 90 °C 4000 o e cositya 100 °C)
3500 4 . _— ¥ Viscosity al 100 °C| .
~——sk__ |-M- Viscosity a 110 °C|
e 3500 4 .
& 3000 - 3 *
) \ <3000
£ 2500 4 X @
2 *x g 2500 -|
3 2000 A * =
= b - >
z v.d e = 2000 +
. AN o
£ 1500 = :\q T 1500 -
& “Q o
£ 1000 mvae < 1000 1
A \.*
500 4 '\'*\ 500
AL
0 . 0
0.01 . 1000) 0.01
Shear Rate (1/s) Shear Rate (1/s)

It was observed that at 110 °C the 2 wt.% solution have viscosity of 2371 cP at low shear rate
of 0. 01 s, indicating the influence of polymer concentration on viscosity retention under
thermal stress. In next, the viscosity of PC-based modified HEMC also decreased with
increasing temperature however at the same conditions these solutions showed noticeably
higher viscosities than their unmodified counterparts. For instance, at 0.5 wt.% concentration,
the viscosity at 110 °C was 2745 cP at a shear rate of 0.01 s™!, which is notably higher than the
corresponding unmodified solution as observed in Figure 7. Similarly, modified HEMC
solutions at concentrations of 1 wt.%, 1.5 wt.%, and 2 wt.% displayed enhanced viscosity, as
depicted in Figure 7.

A shift from a rod-like ordered molecular structure to a more flexible disordered configuration
that lessens the glucan chain’s rigidity is responsible for the observed decrease in viscosity with
increasing temperature (El-hoshoudy, 2019). The increased molecular mobility, which permits
polymer chains to move more freely and lowers flow resistance, caused a gradual decrease in
viscosity up to 100 °C. However, a sudden drop in viscosity at 110 °C indicates the start of
thermal deterioration, which is worsened by dehydration effects at higher shear rates.
Remarkably, the PC-modified HEMC solutions demonstrated exceptional thermal stability,
especially at low concentrations. For instance, the 0.5 wt.% modified solution retained a
significant portion of its viscosity at 110 °C temperature, indicating resistance to complete
thermal decomposition. This enhanced thermal stability is attributed to improved
intermolecular interactions and the formation of cross-linked networks facilitated by the PC
modification.
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Figure 6: Shear rate vs viscosity at ambient and elevated temperatures of modified HEMC solution, (a)
0.50 wt.% concentration, (b) 0.50 wt.% concentration, (c) 0.50 wt.% concentration, (d) 0.50

wt.% concentration
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3.3.3. Viscosity of alkali activated modified HEMC solution

The flow behaviour of the alkali-activated modified HEMC solution was evaluated at 25 °C,
100 °C, and 110 °C. At an ambient temperature of 25 °C, the NaOH-modified solution
exhibited shear-thinning behaviour like that of the PC-modified HEMC solution, as depicted
in Figure 8. However, the initial viscosity was lower in the NaOH-modified solution.
Specifically, when NaOH was added, the viscosity was 0.50 wt.% PC-based HEMC solution
decreased from 4432 cP to 4105 cP at a shear rate of 0.01 s7'. At the highest shear rate of 1000
s7!, the viscosity dropped to a minimum value of 1068 cP.

The disruption of HEMCs intermolecular structure brought on by adding NaOH is responsible
for decreased initial viscosity at room temperature. Due to improved molecular dispersion and
a resulting decrease in viscosity, this disruption makes the polymer more soluble in the solvent
(Wang et al., 2015). The viscosity of the alkali-activated solutions decreased at all shear rates
at 100 °C in contrast to values at 25 °C, indicating thermal thinning behaviour at higher
temperatures. However, when the temperature was raised to 110 ° C, viscosity significantly
increased, as shown in Figure 9. When the shear rate was 0. 01 s™* the solution’s viscosity rose
from 2939 cP to 3121 cP, and when the shear rate was 1000 s7! it increased from 154 cP to 327
cP. PC activation in the polymer system is responsible for this increase in viscosity at 110 °C.
PC improves the interaction between polymer chains by acting as a transesterification agent,
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which increases viscosity at high temperatures. By maintaining increased viscosity at high
temperatures, the thermal activation of PC increases the HEMC systems’ thermal stability and
qualifies it for demanding applications.

Figure 7: Shear rate vs viscosity of alkali activated modified HEMC solution at ambient temperature
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Figure 8: Viscosity vs shear rate of alkali activated solutions at ambient and elevated temperatures
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4. Conclusions and recommendations

This study investigated the effect of PC organic carbonate and NaOH alkali solution as a trigger
to in HEMC solution was investigated. Overall, the rheology in terms of shear viscosity of
native and modified HEMC solution containing PC and NaOH were measured at 0.50 wt.%, 1
wt%,1.5 wt.% and 2 wt.% at ambient and elevated temperatures. The main conclusions could

be drawn as follows:
e FTIR analysis revealed the appearance of new peak corresponding to the free hydroxy
group of cellulose ether, confirming the successful grafting of PC on HEMC surface.
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The modification achieved using PC as a transesterification agent proved to be an
important parameter to enhance the thermal characteristics of cellulose either.

e XRD analysis confirms the semi-crystalline nature of HEMC composite, with the
modified HEMC exhibiting significantly improved solubility in aqueous solution
compared to the native HEMC. This enhancement is attributed to the reduced
crystallinity index achieved by incorporating PC as a transesterification agent.

e Viscosity measurement at varying concentrations revealed a positive correlation
between viscosity and concentration, indicating enhanced intermolecular interaction at
high concentrations. The PC based modified HEMC solution exhibited significantly
higher viscosity at 100 °C and 110 °C due to grafting of new functional groups and
inter- and intra-annular intrachain formation, underscoring its improved thermal
stability compared to the unmodified HEMC solution.

e At ambient temperature, the viscosity of alkali based modified HEMC solution was
lower than that of the modified PC-modified HEMC solution at ambient temperature,
which showed the optimal approach for minimising the surface viscosification of
cellulose ether. The viscosity of alkali-PC based modified HEMC solution was notably
higher at an elevated temperature of 110 °C than the native and PC modified HEMC
solution. This increase in viscosity revealed that the addition NaOH based solution
trigger activate the PC in an aqueous solution of HEMC, demonstrating the enhanced
thermal stability of the polymer solution.

Based on viscosity analysis conducted at various concentrations and temperature conditions, it
is revealed that 0.50 wt.% and 1wt.% concentration of PC modified HEMC solution is optimal.
The recommended concentrations not only resolve the issue of surface viscosification but also
demonstrate enhanced viscosity at geothermal conditions. This improvement in viscosity
contributes to better fluid properties, making the solution more suitable for further utilisation
in drilling fluid and cementing applications within the oil and gas industry.
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