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Abstract. Xanthan gum modification is considered a significant step in improving shearing, thermal
degradation performance, and rheological properties. This paper investigates the rheology
properties of the grafted copolymer based on xanthan gum and methyl methacrylate (XG-g-MMA),
including shear stress and viscosity versus shear rate. The grafted copolymer XG-g-MMA was
synthesized with different composition ratios of methyl methacrylate (MMA) (1:1.6, 1:5, and 1:8
wt.%) in the presence of a potassium persulphate initiator. Fourier transform infrared spectroscopy
(FTIR) characterized the obtained grafted xanthan gum (XG) to confirm the grafting process. The
results of the rheology analysis show that grafted XG exhibited higher shear stress and viscosity
than pure XG. However, increasing the MMA ratio increases shear stress and viscosity with
increasing shear rate. In addition, the rheology measurement of the grafted copolymer showed non-
Newtonian shear thinning behavior for XG and XG-g-MMA. These results can further its application
in different fields, such as oil recovery and pharmaceuticals.
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1. Introduction

Today, in choosing a material or a raw material, preference is given to multifunctional
safe materials that do not harm health and the environment. One of these materials is
biopolymer xanthan gum (Mohamed et al., 2018; Kusrini et al.,, 2021). Xanthan gum,
weighing approximately 2.65 x 106 Da (Khouryieh et al., 2007), is a valuable polysaccharide,
a polymer of biological origin, produced by the bacterium Xanthomonas campestris. This
polysaccharide has many alkyl groups (Figure 1) that can be replaced by other functional
groups, providing different properties. It is composed of a (-1,4 glycosidic bond-linked
main chain and a trisacharides side chain, successively containing mannose, glucuronic
acid, and mannose (Hu et al., 2019). The scope of xanthan gum application is broad, ranging
from the food industry to oil extraction. It is valuable due to its biodegradability, safety for
the organisms and the environment, and in-demand qualities, such as thickening,
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moisturizing, wetting, stabilizing properties, and resistance to different environmental
conditions (Sworn, 2009; Sofia & Djamel, 2016; Filimon, 2018; Jindal & Khattar, 2018).
However, because it is inferior to synthetic polymers in some characteristics, it is
sometimes expected to be modified to improve its specific properties, such as its rheological
characteristics and solubility. Chain stiffness is known to affect physicochemical properties
(Fantou etal,, 2017). The xanthan chains cannot associate under ordered conformation, but
they associate exhibiting a gel-like behavior under disordered conformation. Therefore,
most of the modifications are based on the grafting process, which impacts polymer sight
chains. In particular, modification improves the rheology of substances (Alas & Ali, 2019;
Mau et al., 2020). Modification implies modifying xanthan gum by applying chemical
methods, such as co-polymerization (Wang et al., 2013; Elella et al.,, 2017), treatment with
chemical substances (surfactants, acids, etc.) (Skender et al., 2013; Costa et al., 2014),
physical methods, such as cold plasma (Jampala et al,, 2015), and biological methods, such
as fermentation (Costa et al., 2014), to improve its rheological properties. Moreover,
xanthan gum has antibacterial properties (Schnizlein etal., 2020; Munir etal., 2017; Bernice
et al.,, 2018) that are considered essential for pharmaceuticals Bernice et al., 2018).

Modification of xanthan gum can enhance some of its physical and chemical properties.
Therefore, the present work aims to prepare grafted xanthan (XG-g-MMA) using methyl
methacrylate (MMA). The mechanical and thermal properties, high transparency, and
excellent weather ability of MMA make it the most widely used monomer in practical
applications (Al-Odayni et al., 2020), such as production of medicine, and adhesives. XG-g-
MMA was prepared using an initiatior (potassium persulfate, K;S:0s) and different
composition ratios of MMA to define the better ratio for grafting. The new polymers were
then characterized by rheological properties and Fourier transform infrared spectroscopy
(FTIR) spectra. Additionally, this work investigates the rheological properties of XG-g-MMA
and the effect of different temperatures and composition ratios of MMA on its rheologal
properties.

CH,OH CH,OH
o 0
o] OH 0,
COOH OH OH 1,

Figure 1 Chemical structure of xanthan gum

2. Methods

2.1. Materials
Biopolymer xanthan gum (XG), methylmethacrylate (MMA), and potassium persulfate
(KPS) were supplied by Sigma-Aldrich Chemical Co. (USA).

2.2. Synthesis of grafted xanthan gum

Copolymerization of XG with different feed compositions of MMA (1:1.6, 1:5, and 1:8
wt.%) were prepared by the method of grafting. The MMA ratio has a direct effect on the
rheological and physicochemical properties and has practical significance in the production
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of various polymers. First, 0.6 g of XG was dissolved in 100 mL of distilled water and
charged into 250 mL. Then, the free radical initiator potassium persulfate (KPS) (0.5 g) was
added to the flask during mechanical stirring at 350 rpm. Finally, a required amount of MMA
monomer was added drop by drop for 25 minutes during the stirring process at 65°C, using
an automatically controlled water bath for a period of 3 hours.

2.3. Measurements

Infrared spectra were recorded on an FT-IR Spectrometer Nicolet iS10 4000.0-400.0
cml. The rheological properties were measured using a Bohlin rheometer, model Rheolab
QC, UK. The samples were measured using two measuring systems, Cup Stainless (25 mm)
and Cone Plate (CP4 40 mm), according to the modified XG viscosity. The FT-IR instrument
had PC software installed. After adjusting the measurement conditions, the resultant data
were automatically obtained as a table, graph, and/or absolute values. In the viscometry
analysis, the requirements of measurement were adjusted as follows: start shear (0.08 S-1),
end shear (12.75 S1), range (linear), delay time (10 sec), integration time (10 sec),
proportionality (constant), ramp dir (up), and temperature mode (isothermal 25°C). The
selected measurement conditions adjusted for the creep analysis were as follows: stress (1
Pa), creep time (100 sec), recovery time (50 sec), and temperature mode (isothermal 25°C).
The particle size and distribution for non-grafted XG and grafted XG-g-MMA were analyzed
by Malvern Zetasizer NanoZS 90.

3. Results and Discussion

3.1. FTIR analysis

The FTIR spectra of xanthan gum (XG) and grafted xanthan gum with MMA (XG-g-MMA)
are displayed in Figure 2. The FTIR spectrum of the XG showed peaks at 3300 cm-! (OH
stretching), which coincides with the published data in the work done by Sinha (2012);
1675 cm-! (carbonyl group stretching), which coincides with the findings reported by Sahoo
etal. (2012); 1385 cm (COO- group); and 1050 cm! (ether group). The XG-g-MMA
spectrum showed a decrease in the frequency stretching peak of -OH at 3300 cm-!, which
is attributed to grafting polymerization of MMA onto XG—the same finding was made by
Jalal and Al-Lami (2014). In addition, there was a new peak at 2948 cm! due to the
stretching band of the C-H groups and strong peaks at 1724 cm-! (-C=0 group) and at 1141
cm! (ether group). Furthermore, there were peaks at 1605 and 1433 cm-! attributed to the
COO- group.

FTIR-spectrums of XG and XG-g-MNMA
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Figure 2 FTIR spectra of XG and XG-g-MMA

3.2. Rheology analysis
The effect of the shear rate on the shear stress and viscosity of XG at different
temperatures is presented in Figure 3. The flow curves revealed that the shear stress
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increases as the shear rate increased. These curves are rounded to the shear stress axis, and
XG behaves as a non-Newtonian shear-thinning fluid. In non-Newtonian fluids, the flow
behavior is dependent on both the temperature and the composition of the liquids (Chhabra
& Richardson, 2008). As the temperature increased from 30 to 80°C, the shear stress of XG
decreased: the highest shear stress (8 Pa) was at 30°C, and the lowest (4 Pa) at 80°.

On the other hand, the viscosity of XG decreased by increasing the shear rate, as shown
in Figure 3. The decrease in viscosity is due to different factors, including deformation of
particles (changing their shape from spherical to elliptical), the orientation of non-spherical
particles, and orientation of polymer chains in the flow direction and deformation of chains
(Ayoub et al,, 2003). As the temperature increased from 30 to 80°C, the viscosity of XG
decreased due to the increase in intermolecular distances (Yaseen et al., 2005; Pereira et
al,, 2007). The highest viscosity (0.4 Pa) was at 30°C, and the lowest viscosity (0.07 Pa) at
80°C.
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Figure 3 Shear stress and viscosity vs shear rate for XG at different temperatures

Figure 4 shows the effect of the shear rate on the shear stress and viscosity of XG-g-
MMA at different temperatures. It can be seen from Figure 4 that shear stress increased and
the viscosity of the grafted copolymer decreased with the increasing shear rate. In addition,
the shear stress and viscosity of the grafted copolymer increased with decreasing
temperature (from 80 to 30°C). The highest shear stress (35 Pa) and viscosity (4.5 Pa) were
at 30°C, while the lowest shear stress (18 Pa) and viscosity (0.3 Pa) of the grafted copolymer
were at 80°C. However, the value of the shear stress and viscosity of XG-g-MMA is much
higher than that of pure xanthan (XG). This is attributed to the branched, crosslinking and
three-dimensional network structure in XG-g-MMA (Patel et al., 2020).
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Figure 4 Shear stress and viscosity vs shear rate for XG-g-MMA at different temperatures

The rheological properties of polymer solutions depend on different factors, including
the type of copolymer, composition ratios, and concentrations of polymers. Figure 5 shows
that the shear stress and viscosity of XG-g-MMA increase with increasing the ratio of MMA
in the grafted copolymer, compared to pure xanthan (XG) at 60°C. However, XG-g-MMA (1:8
wt.%) resulted in the highest shear stress (27.5 Pa) and viscosity (8.5 Pa), while XG-g-MMA
(1:1.6 wt.%) resulted in the lowest shear stress (12.5 Pa) and viscosity (3.5 Pa), compared
to XG (7.2 and 0.7 Pa, respectively). The increase in the rheological properties of XG-g-MMA
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is due to changes in the chemical structure, molecular weight, and chain branching after the
grafting process (Ayoub et al.,, 2003; Uhlherr et al,, 2005), as shown in Scheme 1. It has been
reported that long-chain branches are defined by molar masses greater than the molar
mass between molecule entanglements, implying that rheological characteristics are
affected. Short-chain branches are added to some polymeric species which have little effect
on rheological behavior but are advantageous for certain end-use characteristics
(Munstedt, 2021). High resistance to temperature and shear rate makes XG-g-MMA one of
the green polymers which can be used in enhanced oil recovery (EOR) (Darmayanti et al.,
2016).
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Figure 5 Shear stress and viscosity vs. shear rate for XG and XG-g-MMA with different composition
ratios at 60°C

The mechanism of the reaction is supposed to occur as follows:

1. Initiation: The initiation phase describes the step that initially creates a radical species
(SO4™). Once a reactive free radical is generated, it can react with stable molecules to
form a new free radical.

2. Propagation: During polymerization, a polymer spends most of its time increasing its
chain length, or propagating. After the radical initiator is formed, it attacks a monomer.

3. Termination: Chain termination is a chemical reaction that ceases the formation of
reactive intermediates in a chain propagation step in the course of polymerization.
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Scheme 1 Mechanism of grafting of MMA onto XG
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3.3. Particle size and distribution analysis

The particle size distribution of a particular material is a vital analysis parameter in
quality control processes and research applications as many other product properties are
directly related to it: particle size distribution affects material properties, such as flow and
conveying behavior (for bulk materials), reactivity, solubility, extraction and reaction
behavior, taste, and compressibility (Microtrac, 2021).

Based on the results of the particle size distribution of the samples, it can be concluded
that after grafting, the size of the macromolecules became larger. The particles of XG are
about 500-900 r.nm., while the particle size of XG-g-MMA ranges between 10-14000 r.nm.
The influence of particle size on the properties of substances can vary (Basaria & Priadi
2016). Increasing the size of macromolecules can provide the growth of side chains that
occurs by attaching MMA to the XG, replacing -OH groups. The particle size and distribution
are shown in Figure 6 (A and B).

A Size distribution (r.nm) by intensity (%) for XG
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Figure 6 Particle size distribution (r.nm) by intensity (%) for XG (A) and for XG-g-MMA (B)

It is well known that the average particle size, as well as the particle size distribution,
has a significant impact on the mechanical and rheological characteristics of a particulate-
loaded polymer system (Huber et al., 2015). Smaller particles have a large surface area and
tend to agglomerate, resulting in higher viscosities and viscoelastic moduli, whereas larger
particles have lower viscosities and viscoelastic moduli. The effect of particle size is also
closely related to powder loading (Bek et al., 2020).

Because the particle form, sizes, and size distributions were almost close for the grafted
XG-g-MMA (Figure 6, B), which ranged from 10 to 14000 r.nm., the surface area of the
particles was also comparable, implying that the surface area of the particles had a similar
influence on the rheological behavior of the examined polymer. It has also been reported
that the rheological nature of the material changed when filler loading was increased and
thus exhibited solid-like behavior at a constant frequency, and the small shear strains and
additives mixed with the polymer and fillers significantly affected the rheological
properties of composite materials (Bek et al.,, 2020). In conclusion, the rheological behavior
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of densely loaded materials is complicated, and various aspects impacting rheological
behavior of grafted XG-g-MMA are interconnected, as stated previously.

4. Conclusions

The grafted copolymers were synthesized using XG and MMA with different MMA ratios
in the presence of potassium persulphate as the initiator to investigate the effect of the
temperature and composition ratio of MMA on the rheological properties. All solutions of
XG and XG-g-MMA exhibited non-Newtonian pseudoplastic properties. XG-g-MMA shear
stress and viscosity versus shear rate vary proportionately as the quantity of MMA
increases. The shear stress and viscosity of XG and XG-g-MMA increase as the temperature
was decreased from 60 to 30°C. XG-g-MMA demonstrated much higher shear stress and
viscosity than XG due to the interaction of the side chains. These properties of XG-g-MMA
provide good prospects for this copolymer to be as a safe thickener in cosmetology or the
oil industry. These results are primary data; further investigations should be carried out to
research XG-g-MMA applicability.
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