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were measured using the standard rheometry technique. The viscosity of the MCC
solution was found highly dependent on its concentration and the experiment
temperature. This varieties behaviour and properties offers benefits to the current
growing rapidly technology applications such as in food, pharmaceutical cosmetics
and textile.
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1. Introduction

Microcrystalline cellulose (MCC) is widely used in various industrial fields such as medicine,
cosmetics, pharmaceuticals and polymer composite [1-7]. Recently due to its novelty, non-toxicity
properties, economic value, biodegradation, mechanical properties, surface area and
biocompatibility, the interest on MCC have increased [1-7]. For example, the properties of
hydrogels facilitate their usage in bio-related applications, including drug delivery systems, tissue-
engineering scaffolds, wound dressing, and biomedical devices [8-12]. The imperfect mechanical
properties of hydrogels would give limitations for applications that require high strength properties
[8,13]. Therefore, cellulose can be act as a suitable biopolymer for synthesizing a hydrogel to have
outstanding mechanical properties [8]. Due to the inherent crystalline structure, cellulose exhibits
high strength, high stiffness, and low density [14]. It is potentially possible to synthesize the high-
strength microcrystalline cellulose hydrogel by controlling the viscosity of cellulose solutions [8].
The information of viscosity of MCC is essential for a small scale to industrial scale in a diverse field
in order to optimize the output quality and can affect directly to the final product [2].
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Furthermore, the estimation level of carbohydrate degradation caused by pulping and bleaching
steps could use the viscosity information as a control parameter of cellulose pulp quality [15]. The
resulting viscosity of a fully bleached cellulose pulp showed that substantially lower than
unbleached cellulose pulp, which contributes to the lower paper strength properties [15,16]. The
previous study has shown that less degraded bleached cellulose pulps that combined higher
viscosities and residual lignin contents would have lower water absorption and vice versa as the
determination of water absorption is essential information for packaging and printing industries
[15].

The viscosity affects significantly the abundance of air-water with glycerin that clings to the
inner walls of the pipe and higher concentration of glycerin in the liquid would increase the wave
and stuck as reported in two-phase flow in mini pipe simulation [17]. The consideration of two-
phase flow in mini pipe are important in design and development in industrial and medical
applications, such as micro heat exchangers, micro cooling electronics and bio-micro-electro
mechanical system [17]. In automobile and domestic application, currently the fossil diesel mixed
with biodiesel through blending process before any usage. The biodiesel density and viscosity are
the influence factors for diesel biodiesel mixture properties [18]. Moreover, it also found that the
density and viscosity value are slightly increase due to the biodiesel content and the viscosity
increasing proportional in trend to biodiesel composition [18,19]. The initiative is aim to reduce the
environment damage from the carbon dioxide produced.

Microcrystalline cellulose (MCC) has a limitation that is needed for some applications compared
to other natural polysaccharide polymers such as low wettability, moisture absorption, and
limitation in processing temperature [1]. The previous research related to cellulose filled
engineering thermoplastics, scientist believed that the use of cellulose as a reinforcement or
additive did not give encouraging results as the materials exhibited severe discoloration and
cellulose thermal degradation occurs at temperatures needed to process these engineering
thermoplastics [20]. However, recently researchers have looked again at cellulose filled engineering
thermoplastic suggested that MCC-filled nylon composites relevant in thermally challenging areas
due to the higher mechanical properties and lower density such as engine covers, intake manifolds
and radiator end tanks [21]. It is also essential to know and observe the temperature dependence
due to the limitation of MCC in processing temperature in order to optimize the quality of final
product and cost-effectiveness in variety of industrial process [1]. The viscosity value expects to
decrease due to the increasing temperature for all liquids. However, modifications of viscosity value
are essential as it could influence the operational cost of several stages in the industrial process
such as mixing and fluid transport [22].

This study aimed to measure viscosity and observe the related properties of low concentration
and temperature of microcrystalline cellulose (MCC) in water. Findings from this study could be
fully utilized as a ground comparison in measurement technique between the rheometer and
optical trapping technique on rheological properties of low concentration of a polymeric solution.
Optical trapping technique offers possible measurement on such a solution at very low sample
volume consumption. The previous study had been discussed about the potential of optical tweezer
for microrheology measurement of variety polymeric solution [23]. It also highlights the advantages
of optical trapping application as compared with the conventional method [23].

2. Methodology

The microcrystalline cellulose MCC in powder form (Sigma-Aldrich®, Product No.310697) was
dissolved in deionised water (DI water) with 4 different concentration; 0% w/w (DI water), 1% w/w,
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3% w/w, 5% w/w and 10% w/w as Figure 1. The MCC solution was sonicated using a sonicator (Q
sonica) and bathed using bath sonicator (Branson 2800) for process duration of 60 minutes.
Sonication process is important in order to achieve a uniform condition of MCC solution [24].

Viscosity measurement in this study was conducted using the rheometer type AR-G2 series (TA
Instrument) and 60 mm 1° steel cone type of geometry (code: 992176). According to the
manufacturer recommendation, the gap between geometry and Peltier plate, also known as
truncation height, should be more or equal to tenth times particle sizes, as illustrated in Figure 2. In
this study, the microcrystalline cellulose is 20 um in length, and the gap has been set up
consistently for 200 um.

i

Fig. 1. Microcrystalline cellulose (MCé) diluted in deionised
water with concentration of 0% w/w, 1% w/w, 3% w/w, 5%

w/w and 10% w/w

The rheometer is used to monitor the displacement in time and converts it to shear rate. This
rheometer is connected to the water circular in order to control the sample temperature by setting
the required temperature from the AR Instrument software. In order to have a right bearing of the
moving geometry and to prevent friction, the installed geometry should go through the mapping
and calibration process before taking any measurement [24].

Truncation Height (Gap)

Geometry

® Sample

Peltier Plate

Fig. 2. The truncation height between cone type geometry and Peltier plate.
Appropriate sample filling is advisable, avoid under or overfilling in order to have the
correct measurement

The temperature of the sample condition was varied from 20 °C to 30 °C, whose parameters of
interest were being measured. A minimum of 1 ml sample was required for each measurement and
the measurement time was 120 seconds for each sample then repeated three times using a new
sample. The deionized water was chosen as a benchmark to ensure the magnetic bearing
rheometer worked appropriately during the measurement [25]. The viscosity measurement was
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validated using water as water has a well-known viscosity value then proceeded to the MCC
sample. This validation aims to minimize fluctuation and reading errors.

3. Results
3.1 Concentration Dependent

The viscosities of the MCC solutions were measured at different concentrations and
temperatures. It is observed that the rheological behaviour is highly influenced by the
concentration of microcrystalline cellulose [26,27]. This viscosity value increased in trend to the
concentration, as shown in Figure 3.
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Fig. 3. The viscosity of microcrystalline cellulose solution at0, 1, 3, 5 and
10% w/w as measured using a rheometer

Deionized water itself has a very low viscosity. However, an addition of a small amount of
microcrystalline cellulose, which was well dispersed in the deionized water showed a logical trend
even though cellulose hardly dissolved in water or oil. This indicated that the sonication process of
MCC solution achieves uniform condition. A slight change in the viscosity value of MCC solution can
be observed at a concentration of 1 to 3% w/w. However, it drastically increased by 3% w/w and
upward. According to the literature on the preparation, structure, and properties of
microcrystalline cellulose, the agueous suspension of a particular concentration of MCC could form
a gel under the effect of shear force [28]. Besides, it also stated that the viscosity of MCC gel
increased with increasing content of MCC in water and sharply increase of viscosity occurred in the
3-6% w/w concentration range [28]. This phenomenon showed that the internal resistance of the
solution has increased as the solution more viscous [29].

3.2 Temperature Dependent
Findings for each concentration amount of MCC diluted in deionized water; the viscosity

decreases as the temperature increased is illustrated in Figure 4. Even though the range of
temperature varying is not too wide, but the effect can be seen as when the temperature increased
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the viscosity of MCC solution becomes decreased. The phenomenon is due to the MCC having
higher thermal energy, and the binding forces are more easily able to weaken the attractive forces
between them. According to the previous literature on the investigation of temperature-dependent
structural changes in hydrogen bonds (H-bonds) in microcrystalline cellulose (MCC) by infrared (IR)
and near-infrared (NIR) spectroscopy suggest that structural changes in the H-bonds in the O3—Hs -
Os intrachain H-bonds in MCC gradually occur in the temperature region of 25° C to 130°C, and it
becomes continuously greater above 130°C [30].
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Fig. 4. Variations of viscosity with MCC concentration at different

temperature

The viscosity values of MCC solution varying with concentration and temperature is in Table 1.
The viscosity value summarised in the table is an average from the three times repeated data in cP

unit while the temperature is represented in Celsius and MCC concentration in percentage.

Table 1

The viscosity values of MCC solution at different temperatures and concentrations of MCC

Temperature, T (°C)

Viscosity (cP) Value for concentration, % (w/w)

0 1 3 5 10
20.7 0.8953 1.1093 1.1327 1.2397 1.4550
21.6 0.8767 0.9765 0.9994 1.1107 1.3070
22.6 0.8686 0.9305 0.9565 1.0673 1.2503
23.6 0.8636 0.9106 0.9370 1.0470 1.2190
24.5 0.8598 0.8987 0.9254 1.0327 1.1973
25.4 0.8563 0.8899 0.9164 1.0213 1.1790
26.3 0.8501 0.8820 0.9084 1.0107 1.1630
27.1 0.8499 0.8745 0.9008 1.0008 1.1480
28.1 0.8468 0.8677 0.8936 0.9914 1.1337
29.0 0.8439 0.8609 0.8867 0.9822 1.1203
30.0 0.8410 0.8545 0.8801 0.9734 1.1077
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4. Conclusions

The viscosity behaviour of microcrystalline cellulose (MCC) solution is highly dependent on the
concentration and temperature. The viscosity was found to be drastically increased when the
concentration was increased. However, the viscosity value decreased when the sample
temperature was increased and trends differently as concentration before. In conclusion, the
viscosity value is highly dependent on sample concentration and temperature within the described
experimental conditions.
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