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Rheological and Thermal Stability of Cationic-Modified Diutan Gum Biopolymer

(Reologi dan Kestabilan Terma Biopolimer Gam Diutan Diubahsuai Kationik)
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ABSTRACT

Cationic diutan gum (CDG) biopolymer has been developed by incorporating a quaternary amine group on diutan
gum (DG) structure to improve the thermal and rheological properties. The modification was performed by mixing DG
with different N-(3-chloro-2-hydroxypropyl) trimethyl ammonium chloride (CHPTAC) concentration to produce CDG
in the presence of sodium hydroxide. The FTIR results confirmed the incorporation of cationic moieties onto the CDG
chains. The surface morphology observed through FESEM showed that the smooth surface of DG was converted to a
connective spherical reticular structure upon CHPTAC modification. The viscosity of CDG gelling fluid was increased
after modification due to electrostatic chain interaction. Rheological properties showed that the plateau-like region
was observed which signifying a stable gel response towards frequency. Thermal stability analysis using static thermal
aging test showed the CDG was stable up to 170 °C suggesting this biopolymer can withstand the high-temperature
requirements of the upstream petroleum industry.
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ABSTRAK

Biopolimer gam diutan berkation (CDG) telah dibangunkan dengan menggabungkan kumpulan amina kuaterner
pada struktur gam diutan (DG) untuk menambahbaik sifat terma dan reologi. Pengubahsuaian dilakukan dengan
mencampurkan DG dengan N-(3-kloro-2-hidroksipropil) trimetil ammonium klorida (CHPTAC) pada kepekatan
yang berbeza untuk menghasilkan CDG dengan kehadiran natrium hidroksida. Keputusan FTIR mengesahkan
penggabungan moieti berkation ke rantai CDG. Morfologi permukaan yang dicerap menggunakan FESEM menunjukkan
bahawa permukaan licin DG ditukarkan kepada struktur sfera retikulum berhubung setelah pengubahsuaian CHPTAC
dilakukan. Kelikatan bendalir pengegelan CDG meningkat selepas pengubahsuaian disebabkan oleh interaksi rantai
elektrostatik. Sifat reologi menunjukkan lengkung dataran telah diperhatikan, menandakan tindak balas gel yang
stabil terhadap frekuensi. Analisis kestabilan terma menggunakan ujian penuaan haba statik menunjukkan CDG stabil
sehingga 170 °C mencadangkan biopolimer ini mampu menampung keperluan suhu-tinggi industri petroleum huluan.

Kata kunci: CHPTAC; gam diutan, industri petroleum; penkationan polisakarida; tingkah laku reologi

INTRODUCTION hydrolysis rate increment producing more acrylic acid on
the HPAM backbone which leads to the loss of thickening
ability (Pu et al. 2018). It is reported that at 50 °C with the
presence of divalent ions, the HPAM hydrolysis rate was
prolonged. At 60-70 °C, the hydrolysis rate was moderate
and turned to rapid as the temperature increased to 90 °C
(Ryles 1988). Due to this issue, various efforts have been
made to develop polymers that are eco-friendly and able to
withstand the high temperature and salinity requirements
of the upstream petroleum industry.

Currently, biopolymers have been the focus owing
to its environmental feature and superior tolerance to
temperature and salinity. Biopolymers are usually having
a distinctive linear structure, double or triple helical

In the upstream petroleum industry, assistive-fluids such
as drilling, fracturing, and completion fluids are generally
injected into the petroleum reservoir for oil exploration
and production. A thickening agent such as polymers are
usually used to produce the assistive-fluids by dissolving
the polymer in either water, monovalent, or divalent
brines base fluid (Zhou et al. 2015). The most extensively
used polymer for this application is synthetic hydrolyzed
polyacrylamides (HPAMs) due to its availability and ability
to be custom-made into desired molecular weight as well as
variation in the degree of hydrolysis. However, the usage
of these synthetic polymers is vulnerable to reservoir
temperature and salinity due to the amide functional group
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structure, rigidity and charge-free chains which enhance
the thickening capability and stability in severe reservoir
conditions. Various biopolymers have been studied
including hydroxyethylcellulose (HEC) (Abbas et al.
2013), carboxymethylcellulose (CMC) (Marques et al.
2018), guar gum (GG) (Wang et al. 2015) hydroxypropyl
guar (HPG, xanthan gum (XG) (Jang et al. 2015), welan gum
(WG) (Arbaa’in et al. 2020; Gao 2016), and scleroglucan
(Farifa et al. 2001). HEC and CMC are usually used for
low-temperature applications (<90 °C) as the apparent
viscosity decreased to below 10 cP (Bai et al. 2018).
Meanwhile, for XG, WG, and scleroglucan, the fluid can
withstand temperature up to 100-120 °C (Castillo et al.
2015; Gao 2015; Lietal. 2017). Among these biopolymers,
XG has been the most extensively studied as drilling,
fracturing, and pipeline cleaning fluid. XG fluid exhibits a
pronounced shear-thinning behavior with a low power-law
index due to the molecule aggregation through hydrogen
bonding and biopolymer entanglement, which improve
injectability for field operation (Pu et al. 2018). However,
the application of commercial biopolymers was limited
since the oil and gas exploration moving toward the high-
temperature (above 120 °C) reservoir condition (Barnes
et al. 2008). Therefore, finding a new biopolymer which
can endure high temperature and salinity are necessary.
Diutan gum (DG) is a high molecular weight bacterial
polysaccharide produced through aerobic fermentation
of Sphingomonas sp. It is an anionic biopolymer which
consists of a repeating unit of B-1,3-p-glucopyranosyl,
B-1,4-L-glucuronopyranosyl, B-1,4-p-glucopyranosyl,
and a-1,4-1-rhamnopyranosyl, and a two saccharide
L-rhamnopyranosyl side-chain attached to the (1 — 4)
linked glucopyranosyl residue (Banerjee et al. 2009;
Sonebi & McKendry 2008). Currently, DG is primarily
applied in the cement and concrete industries. The DG
has been used as a viscosity modifying agent in cement
slurries because of its effectiveness in controlling bleeding
by the formation of a viscous gel (Sonebi 2006; Zhang
et al. 2010). Typically, the DG will act as a thickening,
binding, emulsifying, suspending, and stabilizing agent
when applied in specific applications. However, the
study of DG for the upstream petroleum industry has
rarely been reported. An exciting investigation of DG
rheological properties has been reported (Xu et al. 2015).
Their findings showed that DG gelling fluid could be
produced at a very low concentration (0.12 g/L). Besides,
the gelling fluid is stable towards temperature range
from 25-75 °C and virtually independent to the cationic
environment (Na" and Ca*") due to its perfect double
helix molecular conformation. In another study, the
DG biopolymer was found insensitive toward salt and
shearing time when compared with HPAM. The viscosity
was stable after 90 days of aging at 85 °C, and 16% of oil
recovery was obtained in the core flooding test (Liang
et al. 2019). As the current state-of-art has proved that
DG possessed excellent rheological properties, a question
arises as to whether surface functionalization on DG will

further progress or deteriorate its properties.

Several techniques have been previously conducted
to modified polysaccharides such as nonionic (Wang et
al. 2011), anionic (Tarus et al. 2014), and cationic (Prado
& Matulewicz 2014) modifications. Cationization of
polysaccharide has been widely conducted to improve
the properties of the polysaccharide. The modification of
cationic moiety with anionic biopolymers can generate
inter-polyelectrolyte complexes with hydrogel-like
structures, expanding the former utilization. Until now,
several chemical modifications involving the cationic
moiety were performed on polysaccharide. For examples,
cationic dextran was used in clay suspension separation
(Ghimici et al. 2009), cationization on starch and konjac
glucomannan as flocculating agent (Kavaliauskaite et al.
2008; Pal et al. 2005; Tian et al. 2010; Yu et al. 2007),
study on the quaternized chitin (Chen et al. 2010), GG as
a flocculating agent and for fine coal suspension (Pal et
al. 2007), structural and rheological properties of kappa
(x)-carrageenans (Covis et al. 2016), pullulan for gene
transfection carrier (Jo et al. 2010), and XG as thickener
and stabilizer of emulsion (Shi et al. 2017). N-(3-chloro-2-
hydroxypropyl) trimethyl ammonium chloride (CHPTAC)
or known as liquid cationic etherification agent, has
been commonly deployed to enhance the properties of
polysaccharides because of their stability and non-toxicity
(Moral et al. 2016; Prado et al. 2011). The cationization
reaction using CHPTAC generally begins with the formation
of alkoxide on the polysaccharide hydroxyl group in the
presence of NaOH (or other bases) aqueous solution. The
alkoxide will then attacks the epoxide on the quaternary
amine group of CHPTAC formed in-situ by the alkaline
medium, and it opens the epoxide to form the hydroxy
ether (Prado & Matulewicz 2014). Recently, cationic XG
has been synthesized by Shi et al. (2017) to enhance its
rheological property by attaching quaternary amine groups
to the XG backbone. Their results showed that viscosity,
elastic and viscous modulus, and thermal stability were
significantly improved compared with bare XG.

In the current study, the cationic diutan gum
(CDG) was prepared by quaternary amine groups from
CHPTAC grafting on the hydroxyl groups of DG. The
effectiveness of cationic moiety modified on DG was
studied by calculating the degree of substitution (DS),
Fourier transform infrared (FTIR), and CHNS, while the
surface morphology was observed using field emission
scanning electron microscope (FESEM). Furthermore,
the rheological properties (viscosity, elastic, and loss
modulus) and thermal stability of the gelling fluid
produced using DG and CDG were also investigated using
rheometer and static thermal aging test, respectively.

EXPERIMENTAL DETAILS
MATERIAL
The DG was supplied by Permula Chemicals
Sdn Bhd. An aqueous solution of CHPTAC
(60 wt. %), sodium hydroxide (NaOH), sodium chloride



(NaCl), absolute ethanol and 95% ethanol were
purchased from Sigma Aldrich. All chemicals were used
without any purification.

CATIONIC MODIFICATION OF DIUTAN GUM (CDG)

The cationization of DG was conducted by reacting
DG with a cationic CHPTAC monomer. The procedure
to prepare CDG is described as follows: 30 g of DG was
dispersed in 100 mL of ethanol-water solution (the mass
fraction of ethanol is 85%). The solution was then mixed
with 2.5 mL of 40 wt. % NaOH aqueous solution to
control the pH of the mixture. The mixture was stirred
at ambient temperature for 40 min. Afterward, a different
amount of CHPTAC (0.5 - 4 mL) was added into the mixture
and stirred at 70 °C for 2 h for the cationization process.
Then, the mixture was cooled to room temperature and
washed thoroughly with absolute ethanol. The CDG powder
is finally obtained after drying at 80 °C overnight and
labeled CDG1 - CDG6, as summarized in Table 1.

DETERMINATION OF DS BY ELEMENTAL ANALYSIS

The elemental analyses (carbon, hydrogen, nitrogen, and
sulfur) of the DG and CDG were performed on CHNS
elemental analyzer (EQPCL 200 Elementar, Germany,
Vario Macro Cube). The DS was determined by elemental
analysis of nitrogen. The following equation which was
adapted from Haack et al. (2002) and Prado et al. (2011)
was used to calculate the DS:

(403x%N) (1)
1400—(152X%N)

DS =

where 403 is the molecular weight of the average unit
of DG. %N is the percentage of nitrogen on a dry basis.
1400 is the 100 times the mass of nitrogen and 152 is the
molecular weight of the cationic substituting group.

DG AND CDG POWDER CHARACTERIZATIONS

The FTIR spectra of the DG and CDG powder were
recorded using Spectrum One (Perkin Elmer, USA) using
KBr technique. The pallet was scanned with resolution 2
cm™! at wavenumber 4000 to 600 cm™. The morphology
of the DG and CDG were examined using FESEM (JEOL)
at an accelerating potential of 5 kV. Thermogravimetric
analysis (TGA) was performed using a Mettler Toledo,
Switzerland thermal analyzer. Approximately 2 mg of
powder was placed in a platinum crucible and subjected
to heating from 25 to 600 °C in a nitrogen atmosphere
with a heating rate of 10 °C/min. The glass transition
temperature (Tg) of the powder was determined using
Netzsch Polyma 214 differential scanning calorimetry
(DSC). The DG and CDG were heated at a temperature
from 25 to 200 °C (10 °C/min) under a constant flow of
nitrogen gas (40 mL/min).

PREPARATION OF DG AND CDG GELLING FLUID
The gelling fluid was prepared by mixing 2.4 g DG or
CDG powder in 500 mL of 2 wt. % NaCl brine solution.
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The solution was stirred using IKA RW20 overhead stirrer
at 2000 rpm in a 1 L beaker for 3 h at ambient temperature
to achieve a homogeneous solution. The gelling fluid
was kept stationary for overnight to eliminate bubbles
formation.

RHEOLOGICAL ANALY SIS OF DG AND CDG GELLING FLUID

The rheological properties (viscosity and viscoelasticity)
of DG and CDG fluid were determined via Malvern
Kinexus Lab+ rheometer using plate and plate geometry.
In order to measure the apparent viscosity of the fluids, a
plate and cone-plate have been used at a shear rate of 170
s! at ambient temperature. The viscoelasticity of fluids
was determined by determining the linear viscoelastic
region (LVER) through stress sweep testing in the range
0.01 to 300 Pa at a frequency of 1 Hz. A frequency sweep
testing is conducted from 0.1 to 10 Hz within the indicated
LVER region.

THERMAL STABILITY OF DG AND CDG GELLING FLUID
USING STATIC THERMAL AGING TEST

The thermal stability was performed by pouring the
gelling fluid (80% of the Teflon liner capacity) in closed-
system autoclave steel. The autoclave steel was inserted
in an oven at ambient temperature and heated at a targeted
temperature (100-180 °C) for 1 h. The gelling fluid was
then cooled to room temperature, and the initial and final
viscosity of the gelling fluid was determined at a shear
rate of 170 s™".

RESULTS AND DISCUSSION

DS FROM ELEMENTAL ANALYSIS
The elemental analysis result and the DS of DG and

CDG are presented in Table 1. The elemental analysis
result showed that there are no significant changes in the
percentage of carbon (%C). As the cationization reaction
using CHPTAC begins with the formation of alkoxide
on the polysaccharide hydroxyl group (Figure 1(a)), it is
expected the percentage of hydrogen (%H) will decrease.
This can be seen when the %H decreases from 5.54 to
3.81% as the CHPTAC concentration increased. The
alkoxide will then attack the epoxide on the CHPTAC
formed in situ by the alkaline medium, open the epoxide
ring to form the hydroxy ether and grafted on the DG
structure (Figure 1(b)). Nitrogen was not observed in the
DG sample. However, after underwent cationization, the
percentage of nitrogen (%N) was increasing from 0.72
to 0.83, showing that CHPTAC has been grafted in the
CDG structure. Calculating the DS using the %N also
creates a similar trend, which increases from 0.23 - 0.26
but not significant compared to the result reported by
Prado et al. (2011). This could be due to the insufficient
NaOH because an equivalent of NaOH is necessary for
generating the epoxide on CHPTAC. Moreover, NaOH
is also required to ionize the hydroxyl groups on the DG
structure, which are the nucleophiles of the reaction.
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TABLE 1. CHNS data, DS and viscosity of DG and CDG gelling fluid

CHPTAC

C(wt.%) H(Wwt.%) N (wt. %) DS Viscosity (cP)
(mL)

DG 0 38.45 4.27 0 0 104
CDG1 0.5 38.32 5.54 0.72 0.23 115
CDG2 1.0 38.05 5.55 0.73 0.23 112
CDG3 1.5 38.61 4.03 0.75 0.24 102
CDG4 2.0 38.35 4.08 0.77 0.24 80
CDGS5 3.0 37.56 3.93 0.80 0.25 60
CDG6 4.0 38.22 3.81 0.83 0.26 48
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FIGURE 1. Schematic representation for the CDG synthesis; (a) activation with NaOH, (b) reaction of DG with CHPTAC



FUNCTIONAL GROUP ANALYSIS ON DG AND CDG VIA FTIR
Figure 2 illustrates the FTIR spectra of DG and CDG

synthesized with different CHPTAC concentrations.
The band centered at 3420 cm™' was attributed to the
stretching vibration of O—H groups on the DG and CDG
backbone. The peak at 2934 and 2885 cm™ corresponded
to the asymmetric and symmetric stretching vibration of
C—H. The significant band at ~1730 cm™' is attributed to
the adsorption of the C=0 bonds in the acetyl groups (Diltz
& Zeller 2001). The C—C and C—O stretching vibration
can be observed at approximately 1600 and 1000 cm’,
respectively (Xu et al. 2019)diutan gum (DG. Cationic

2551

modification on DG using CHPTAC has led to some
significant changes in the original DG spectrum. First, the
intensity of the O—H peak was slightly decreasing after
the cationic modification due to the substitution of a
quaternary amine group on the hydroxyl group of DG. It is
observed that the peak intensity at 1259 cm™ was increasing
resulted from the new C—O bond formed between DG and
CHPTAC. Besides, the appearance of a new peak at 1406
cm' is attributed to the C—N stretching vibration was clear
evidence of the incorporation of cationic moieties onto the
DG chains. This result was also supported by the study
conducted by Pal et al. (2005) with the advent of CHPTAC
peak at 1400 cm™ which assigned to the C—N.
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FIGURE 2. FTIR spectra for DG and CDG at different CHPTAC concentration

SURFACE MORPHOLOGY OF DG AND CDG VIA FESEM
FESEM is an excellent instrument to probe the

polysaccharide’s morphology. Figure 3(a)-3(g) shows the
surface morphology of DG and CDG at various CHPTAC
concentrations observed at 5000x magnification. As
shown in Figure 3(a), the DG surface showed a smooth
with proper assembled multilayered granular structure.
Significant changes were observed on the DG surfaces
after CHPTAC modification. For instance, the smooth
surface of DG was converted to a connective spherical
reticular structure which observed in Figure 3(b). When the
CHPTAC concentration increased, the spherical structure

was converted into a nearly cubic shape (Figure 3(c)).
Further increased in CHPTAC concentration has shown
the bigger size cubical shape structure became dominant,
not connected, and agglomeration was observed in Figure
3(d)-3(g). Comparing the result with previous studies,
cationic modification of polysaccharides showed
identical findings on agarose (Prado et al. 2011) and XG
(Shi et al. 2017) which showed smooth surface morphology
for the native agarose and xanthan. Cationization on the
polysaccharides has converted the smooth surface to
branched reticular structure and became more remarkable
at higher CHPTAC concentration.
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FIGURE 3. FESEM morphology of DG (a) and CDG at various concentrations (b)-(g)

THERMAL PROPERTIES OF DG AND CDG VIA TGA AND DSC

Thermal decomposition of DG and CDG was performed
on thermogravimetry analyzer (TGA) in a temperature
range from 20-600 °C, as shown in Figure 4. There are
two regions of decomposition have been observed
on the TGA thermogram of DG and CDG. The first
decomposition has occurred below 100 °C while the
second decomposition happened from 229 to 274 °C. The

early decomposition region is attributed to the desorption
of physically bound water or moisture from the surface
of the DG and CDG. After that, the DG and CDG samples
were stable up to 220 °C before the advent of the second
decomposition. The second decomposition was a rapid
degradation of all samples with an average weight loss of
~45% which is due to the decomposition of DG and CDG
backbone (Zohuriaan & Shokrolahi 2004). Incorporation



of CHPTAC has caused a slight increase in the thermal
stability of CDG (256 °C) compared to DG (250 °C)
because of the increased electrostatic attraction between
the chains overcoming the mutual repulsion of positive
charges of the loaded cationic moiety. The increase in
electrostatic attraction hence increases the force to break
the chains, which also reported for GG (Pal et al. 2007).
The thermal properties of DG and CDG were
further analyzed using DSC to investigate the thermal
transitions that occurred on DG after the cationic
modification. Figure 5 shows the glass transition
temperature (Tg) for the DG (86 °C) and CDG in the range
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of 88-92 °C. The relatively weak and broadened glass
transitions can be ascribed to the semi-crystalline nature
of the DG and CDG samples. The endothermic peak of
CDG was broader compared to DG samples indicated the
disintegration of an intramolecular interaction between
the amorphous region due to the etherification process (Ren
etal. 2007). It was also observed that the Tg peak for CDG
was slightly shifted to higher temperature indicating the
Tg for the CDGs were improved due to the cationization
process which had increased the electrostatic attraction
between the chains.
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FIGURE 4. TGA weight loss curves for DG and different concentrations of CDG

T,

lg

=

”

=]
—_—

\i(/_—__—

s 929C
2 :
= 90 °C

o ——CDG5

= 90 °C ——CDG4

—— CDG3

—CDG2

> ——CDG1

86 °C — DG
40 60 80 100 120 140 160 180 200

Temperature (°C)

FIGURE 5. DSC curves for the DG and different concentrations of CDG



2554

RHEOLOGICAL ANALYSIS

The cationization of DG and CDG has shown an exciting
result in terms of viscosity. Table 1 shows the gelling
fluid (DG and CDG) viscosity at 25 °C. As shown in
Table 1, the DG gelling fluid recorded a viscosity of 104
cP. Cationization had increased the viscosity of CDGI
and CGD2 by ~10% to 115 and 112 cP, respectively.
The modification had offered a sturdy and increase in
electrostatic interaction among cationic groups linked
to DG and this improved the intertwining network
between the chains (Prado et al. 2011; Shi et al. 2017).
However, the CDG3, CDG4, CDG5, and CDG6 showed
a constant decrement in viscosity. Since the quantity of
NaOH is fixed in this study, therefore, employing higher
CHPTAC concentration hindered the CHPTAC substituted

on the hydroxyl group of the DG but promoted the
agglomeration process. This result was also supported
by the morphology observed through FESEM, which
increasing CHPTAC concentration produced a bigger
cubical structure, not connected and agglomeration.
The trend in decreasing viscosity also recorded in the
cationization of starch, where the viscosity drop after
the optimum monomer concentration is achieved (Pal
et al. 2005). The dependency between CHPTAC and
NaOH concentration is crucial to achieving the efficiency
and maximum degree of substitution. The formation of
epoxide and the reacting alkoxides of hydroxyl compound
in a polysaccharide are reduced if inadequate of NaOH is
employed. Meanwhile, a surplus amount of NaOH will
lead to epoxide degradation and lowering the molecular
weight of the cationized polysaccharide.
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A dynamic viscoelasticity measurement test
was performed to have a better understanding of the
viscoelasticity properties of the DG and CDG gelling
fluids. The viscoelasticity test was performed within the
determined LVER region to make sure the gelling fluid-
structure did not damage when the force is imposed during
the testing. The state of the polymer gel strongly influences
the rheological properties of the gelling fluid. According
to Deshpande (2009), a highly concentrated gelling fluid
will show a gel-like response, inferring dynamic elastic
modulus (G') to be higher than viscous modulus (G")
and both being almost constant concerning frequency
(Deshpande 2009). A viscous liquid or lower concentrated
gelling fluid will show a crossover point between G’
and G". This crossover frequency is associated with a
relaxation time characteristic for the onset of the terminal
or flow region for the fluid. The dependence of the G’ and
G” on the oscillation frequency for DG and CDG gelling
fluid are shown in Figure 6. As shown in the rheogram, the
G'is larger than G” for DG, CDG1, CDG2, CDG3, and CDG4
and no crossover was observed. The DG spectra can be
confirmed by several previous studies (Arbaa’in et al. 2018;
Carmen Garcia Gonzalez et al. 2019). A plateau-like region
was seen which signifying a stable gel response towards
the frequency due to the interaction of the neighboring
DG or CDG biopolymers (Li et al. 2012). There is a slight
increase in CDG viscoelasticity (CDG with optimum
NaOH concentration) after the incorporation of the
CHPTAC. The same was reported for XG after cationization
(Shi et al. 2017). In the case of CDGS and CDG®6, the
G” is higher compared to G’, indicating the viscous
modulus is dominating in the oscillation frequency. A
crossover was also observed at frequency ~0.5 and ~1.0
Hz, respectively. Therefore, the CDG5 and CDG6 are
behaving as a viscous liquid while the others exhibit the
gel-like properties (Xu et al. 2019). In addition, the G’ and
G” trend was also increased as the frequency increased
which indicative of a weak gel-like structure (Covis et al.
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2016). The term weak gel is defined as the material that
has an infinite viscosity and simultaneously has a vanishing
equilibrium shear modulus. The properties of the strong
gel should have G’ > G” and nearly independent toward a
wide frequency range (Douglas 2018).

EFFECT OF TEMPERATURE ON VISCOSITY OF DG AND CDG
GELLING FLUID TESTED USING STATIC AGING TEST

The effect of temperature on the viscosity of DG and
CDG has been investigated, as shown in Figure 7. CDG2
gelling fluid has been selected and compared with DG
gelling fluid as it produced stable viscosity among other
CDGs. Both gelling fluid were fixed in a closed-system
autoclave to avoid evaporation and heated in the range
of 100-180 °C using an oven for a static aging test. The
viscosity recorded after the static aging test showed that
both samples were stable up to 160 °C with CDG2 has
higher viscosity compared to DG. The fluids were stable
because of the excellent water retention ability owing to
the double-helical molecular structures of the DG and
CDG2. This ability also exerts strong internal force and
manages to maintain fluid viscosity upon high-temperature
exposure (Tako 1994). As the temperature increased to
170 °C, both DG and CDG?2 viscosity begin to decline by
11 and 8%, respectively. At this temperature, the motions
of the molecules have accelerated and decrease the van
der Waals forces and hydrogen bond. Hence, it decreased
the entanglements of macromolecules and weakened the
gelling fluids network (Liang et al. 2019). Observation
made on both samples showed that CDG has slightly
less deteriorated as it managed to maintain the double-
helical structure compare to the DG. This is because the
increase in elasticity and electrostatic interaction between
the CDG2 chains after the cationization has increased its
tolerance toward temperature compared with DG. At 180
°C, a massive viscosity decrement was observed due to
the breaking of the gelling fluid network.
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FIGURE 7. Effect of temperature on the viscosity of DG and CDG
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CONCLUSION

DG has been successfully modified with different
concentrations of CHPTAC. Cationic modification on
DG using CHPTAC was proved with the appearance of a
new peak at 1406 cm™ attributed to the C—N stretching
vibration on the IR spectrum. An increasing viscosity
was observed at a low concentration of CHPTAC but
decreased after further addition of CHPTAC. The viscosity
supposed to be increased as the amount of CHPTAC
increased. Nevertheless, this phenomenon is only possible
if the optimum concentration of NaOH in each case was
employed. Rheological properties showed that the
plateau-like region was observed which signifying a
stable gel response towards frequency due to G’ is larger
than G" for DG and CDG. The viscosity recorded after the
static aging test showed that both samples were stable up
to 170 °C suggesting these biopolymers can withstand the
high-temperature requirements of the upstream petroleum
industry. The DG and CDG gelling fluid are not sensitive
to the temperature as it is stabilized by the disaccharide
side chains and cationic moiety.
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