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Abstract 
Microcrystalline cellulose (MCC) was pretreated by using ionic liquids (ILs)-water mixtures sol-
vent with solid acid catalysts. Different amount of water was considerate as the main variable. The 
peak shift of pretreated sample was determined by FT-IR related to the water content. The XRD 
was applied to characterize the change in MCC crystalline structure. Thermal decomposition tech-
nique was applied to investigate the thermal stability of pretreated MCC. The result indicated that 
three state of samples were occurred in pretreated MCC sample which was related the amount of 
water in ILs mixture system. XRD result suggested that the raw sample was distorted and trans-
formed into a less ordered intermediate structure and the smaller crystallite size in lump state 
sample was obtained which could lead to lower thermal stability. This study revealed the physical 
chemicals properties, characteristic of molecular structures in MCC using ILs-water mixtures. 
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1. Introduction 
Microcrystalline Cellulose (MCC), as a steadily renewable native resources, and its derivatives are of great im-
portance. Cellulose and its derivatives as films, fibers, and granules are manufactured by chemical transforma-
tions generally include reduction, hydrogenation and dehydration reactions. However, the transformation of 
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carbohydrate is still a challenge [1]. Development of green technologies for cellulose processing is a topical 
problem [2]. 

Pre-dissolution, pretreatment, and extraction process of biomass are the extreme significant steps in the bio-
mass utilization which can affect various substrate characteristics of biomass [3]. Recently, some studies focus 
on the carbohydrate pretreatment by ionic liquids (ILs) with or without water. The pretreatment processes were 
most effective in enhancement of cellulose digestibility [4]. The pretreated products were used as raw materials 
applications in saccharification chemistry [5] [6] and enzymatic hydrolysis [7] [8]. ILs solvents are able to cata-
lyze homogenous hydrous is of cellulose by strong minerals or organic acids [9] [10]. This mixture system could 
contribute to an innovative process for the large-scale usage of cellulose depolymerization during the pretreat-
ment step [11]. However, water possibly formed hydrogen bonds with both anion and cation of ILs which could 
cause the overall cohesive energy and lower the viscosity [12]. The role of ILs-water mixtures has recognized 
only as solvent and anti-solvent since the water could prevent the anion of ILs to generate hydrogen bonds. 
Therefore, its interpretation and applicability of ILs mixture systems are still under discussion. 

A number of lignocelluloses pretreatment studies are being investigated including various chemical, physical 
or physic-chemical approaches. Common methods for the characterization of MCC crystalline structure are 
based on X-ray [13] [14], FT-Raman [15], FT-IR [16], NMR [17]. Moreover, thermal decomposition technique 
is investigated the thermal stability of MCC particles and SEM is used to observe the morphological feature of 
surface. 

This study was aiming to investigate the physical chemicals properties, molecular structures related to crystal-
line structures in pretreated MCC by using ILs-water mixtures solvent with solid acid catalysts. Different 
amount of water in the pretreated system was considerate as the main variable. FT-IR presented the important 
information related to the change of hydrogen bonding during crystalline structures transformation in pretreat-
ment process. XRD was applied to characterize the microcrystalline cellulose crystalline structures, and it could 
accelerate to understand the variation processing of the MCC crystalline structure. Determination of the crystal-
line structures, size of crystallites and thermal stability could provide insights into the physical chemistry aspects 
of ILs-water mixture on MCC at the pretreatment step for a subsequent application. 

2. Experimental and Methods 
2.1. Materials and Chemicals 
Microcrystalline cellulose powder was supplied by Sigma-Aldrich Co. Ltd., Japan. The ionic liquids, 1-butyl-3- 
methylimidazolium chloride (C8H15ClN2, [BMIM]Cl), 1-ethyl-3-methylimidazolium chloride (C6H11ClN2, 
[EMIM]Cl) and 1-butyl-3-methyl pyrrolidinium chloride (C9H20ClN, [BMPY]Cl) were purchased from the 
Wako (Pure Chemical Industries, Ltd, Japan). 1-butyl-3-methylimidazolium tetrafluoroborate (C9H15BF4N2, 
[BMIM]BF4, purity ≥97%) was summarized in Figure 1. Ethanesulfonic acid, polymer Nafion®NR50, (≥0.8 
meq/g ion exchange capacity) was purchased from the Sigma-Aldrich Co. LLC. 

2.2. Pretreatment of MCC 
MCC powder was added into a 20 ml flask containing ionic liquids and deionized water with solid acid (Ratio of 
 

 
Figure 1. The molecular structure of ionic liquids used in this study. 
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MCC/ILs/Nafion®NR50, 1/10/1, w/w; ILs/water was set to molar ratio). Pretreatment experiment was heated 
and stirred in flask by oil bath at 100˚C for 1 h. In order to remove the ionic liquid from the pretreated MCC, all 
the pretreated samples were washed by methanol and deionized water with three times, respectively. The pre-
treated MCC was filtered on a No. 40 filter paper (Whatman G.E., Co. Ltd.) and dried in oven at 105˚C for 24 h. 
The solubility of MCC in ionic liquid has been calculated the Equation (1). 

( )MCCSolubility wt% 1 100%p

i

W
W

 
 ×


=

−                             (1) 

where 
Wi: the weight of dried MCC before pretreatment; 
Wp: the weight of pretreated MCC after dried in oven. 

2.3. Degree of Polymerization (DP) 
Pretreated MCC was dissolved in cupriethylenediamine hydroxide solution. The intrinsic viscosity of the solu-
tion was measured by Ubbelodhe viscometer (No.1 Sansyo Co. Ltd., Japan). The value of DP was calculated the 
Equation (2). 

[ ] 0.711.67 DPη = ×                                        (2) 

where 
[η] is the specific viscosity of dissolved MCC in solution. 

2.4. Fourier Transforms Infrared (FT-IR) Spectrometer Analysis 
Pretreated MCC was analyzed by Fourier transform infrared spectrometer (Model IR-6100, Jasco Co. Ltd., Ja-
pan). The ratio of samples and spectroscopic grade KBr was 1:100; all of the infrared spectra were recorded in 
absorbance units within the range of 4000 - 400 cm−1. The peak shift was detected by the Spectrum Manager 
Ver.2 software (Jason Corporation). 

2.5. X-Ray Diffraction (XRD) 
MCC crystalline structures were analyzed by an Ultima III X-Ray diffractometer (Rigaku Co. Ltd., Japan). 
Ni-filtered Cu Kα radiation (λ = 0.1542 nm) was generated from 40 kV voltage and 40 mA current. Intensities 
range was from 10˚ to 40˚ with 2˚/min scan speed for total X-ray diffraction (XRD) analysis experiment. The 
crystallite height 002 (I002) and amorphous height (Iam) were used to calculate the apparent crystalline index 
(apparent Cr.I.) and was calculated by Equations (3). The apparent crystallite size (L) of the refection of plane 
was calculated from the Scherrer equation based on the width of the diffraction patterns Equation (4). The sur-
face chains occupy a layer approximimately 0.57 nm thick so the proportion of crystallite interior chains is Equ-
ation (5), the interlayer distances (d) was calculated by Equation (6). 

002

002

Cr.I. 100%amI I
I

= ×
 −
 
 

                                  (3) 

The apparent crystallite size L of the refection of plane was calculated from the Scherrer equation based on 
the width of the diffraction patterns. 

Crystallite size 
cos

L K λ
β θ

 ×
 × 

=                                (4) 

where, 
K, the Scherrer constant of value 0.94; 
λ, the X-ray wavelength (0.1542 nm); 
β, the half-height width of the diffraction band; 
θ, the Bragg angle corresponding to the planes. 



Q. Y. Wang et al. 
 

 
186 

The surface chains occupy a layer approximimately 0.57 nm thick so the proportion of crystallite interior 
chains and the interlayer distances d was calculated as follows: 

2

Crystallite interior c 2hains L h
L

X − 
 
 

=                          (5) 

where, 
L, the crystallite size for the refection of plane; 
h, the layer thichkness of the surface chain is 0.57 nm. 

Interlayer dis tan ce
2sin

s  d λ
θ

=  
 
 

                              (6) 

where, 
λ, the X-ray wavelength (0.1542 nm); 
θ, the Bragg angle corresponding to the planes. 

2.6. Thermo Gravimetric/Differential Thermal Analysis (TG-DTA) 
MCC sample and pretreated sample were analyzed by the thermo gravimetric/differential thermal analysis 
(TG-DTA) (Model DTG-60, Shimadzu Co. Ltd., Japan) under the following conditions: about 20 mg of samples 
were heated at a rate of 10˚C·min−1 starting from room temperature until 800˚C. 

3. Results and Discussion 
3.1. Global Impact of MCC Structural Characteristics 
To study the effect of water content on crystallite structure of ionic liquids mixture pretreated MCC, the global 
impact of MCC structural characteristics after pretreatment was investigated. The solubility of MCC in [BMIM]Cl- 
water mixture was used to understand the state of recovery MCC, the pretreated MCC was characterized via 
SEM analysis in order to evaluate morphological feature (Date not show). The structural changes of MCC were 
analyzed based on FT-IR spectra of the MCC sample and pretreated samples. 

The solubility of pretreated MCC in [BMIM]Cl-water solvent with solid acid catalyst Nafion®NR50 (NR50) 
was 5.6wt% at 100˚C in 1 hours with the 1/1 molar ratio of [BMIM]Cl/water, which was most amount of soluble 
in this mixture system in Figure 2. Dissolution of MCC requires breaking the hydrogen bonds. A group of Rog-
ers have demonstrated that ionic liquid are capable to dissolve the MCC and could enhance the dissolution effi-
ciency with the assistance of microwave heating [18]. However, the water quantity can affect of ionic liquid so-
lubility. The more concentrated of MCC in ionic liquid solution was obtained than that from the sample treated  

 

 
Figure 2. The solubility of MCC using [BMIM]Cl 
with solid acid and different amount of water 
([BMIM]Cl/ water = 1/1-100, molar ratio). 
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with water [12]. The amount of MCC dissolved in selected ILs under certain operating conditions is still a topic. 
It should mention that the goal of this study is not the solubility, but the structural characteristics of recovered 
MCC. The solid acid catalyst NR50 was used which could obtain solubility increasing and lead to clearly ob-
served characteristics of pretreated MCC. 

Three states of samples were occurred in pretreated MCC sample. The powder state sample was no obvious 
change on morphological feature comparing with MCC samples. Some cracks were found on the surface of the 
lump state, the phenomenon was due to the breakdown in crystalline structure and physical adhesion. These al-
terations were attributed to the damage of MCC structures during pretreatment process with the disruption of the 
structure and a reduction in crystalline which could be meaningful for subsequent application process [19]. This 
irregular form sample was obtain which was related to adding less water content during pretreatment process 
comparing with powder stat sample. The regenerate MCC was prepared when no water was added in pretreat-
ment process. The gel sample as the regeneration product has a smooth surface. The regenerate process was 
considerate that the hydroxyl groups of MCC were replaced by cation of [BMIM]Cl. 

The FT-IR spectra of the gel state sample, lump state sample, powder state sample and MCC was presented in 
Figure 3(a). In the spectrum of the gel state sample, two absorption peaks a, b were observed at 3144 cm−1 and 
3079 cm−1. Peak is generally assigned to the N-H stretching. Peak c, d was observed at 1263 cm−1 and 1032 
cm−1 of the gel state sample which have been assigned to the stretching of C-OH in plane at C2 or C3 and C-O 
at C6 [20], respectively. Both of the Peak c, d were distinctly weakened comparing the IR spectra of the un-
treated MCC. These result clearly suggested that the H-bond networks formed in the MCC have been greatly 
 

 
Figure 3. (a) FTIR spectra of gel state sample (sample code [B]Cl, pretreatment condi-
tion: MCC/[BMIM]Cl/NR50 = 1/10/1, w/w at 100˚C for 1 h), lump state sample (sample 
code [B]Cl 1, pretreatment condition: MCC/[BMIM]Cl/NR50 = 1/10/1, w/w; [BMIM]Cl/ 
water = 1/1 molar ratio at 100˚C for 1 h), power state sample (sample code [B]Cl 10, 
pretreatment condition: MCC/[BMIM]Cl/NR50 = 1/10/1, w/w; [BMIM]Cl/water = 1/10 
molar ratio at 100˚C for 1 h) and MCC sample; (b) The possible structural formula of gel 
sample; (c) The MCC structural and IR band corresponding to the position of molecular 
structure in MCC; (d) Peak shift of pretreated MCC related the ratio of water to 
[BMIM]Cl, the wave number of band belong to MCC. 
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destroyed in the dissolution process by the [BMIM]Cl solvent. The hydroxyl groups were replaced in the sub-
sequent regeneration processes (Figure 3(b)). The pretreated MCC samples keep its powder state when large 
amount water used. The lump state sample was observed when the pretreatment condition of [BMIM]Cl/water 
was set to 1/1 which was present in Figure 3(a). The IR spectra of lump state sample was close to powder state 
sample. However, there were some irregular cracks found on the surface of the pretreated fond compared to the 
raw MCC in Figure 3(c). These alterations were attributed to the breakdown of MCC structures during the pre-
treatment process including intra-molecular hydrogen bonds and the inter-molecular hydrogen bands in MCC 
molecule chains. This result was considerate to become more susceptible in the subsequent application such as 
enzymatic hydrolysis [21]. The evidence of this structures damage will be presented below. 

In Figure 3, the FT-IR spectra of MCC and pretreated MCC show no obvious differences. Thus, the Spec-
trum Manager Ver.2 software was used to detect the differences between the peaks. The sample from [B]Cl 1 to 
[B]Cl 10 was investigated which was different in the ratio of water to [BMIM]Cl during pretreatment process. 
The band at 1341 cm−1 (peak 1) and 1235 cm−1 (peak 2) assigned as C-OH in plane at C2 or C3 and C-OH in 
plane at C6 [22] [23] are shifted to different wave numbers such as 1336 cm−1 and 1236 cm−1, respectively. The 
band at 1059 cm−1 (peak 3) and 1033 cm−1 (peak 4), assigned as C-O at C3 and C6, respectively [20] [23], is 
shifted to strength wave number at less water concentration. The band at 898 cm−1 (peak 5) assigned as C-O-C 
stretching at the β-(1→4)-glycosidic linkage or C-O-C, C-C-H at C5 and C6 [24] [25] move toward 891 cm−1 by 
transformation. The FT-IR absorbance change and peak shift of these bending, which arises by changing the en-
vironment at MCC molecular hydrogen bands [26]. 

3.2. XRD Analysis of Pretreated MCC Crystalline Structure and Size 
The XRD analysis is widely used to evaluate the physic-chemical properties of MCC. The apparent Cr.I was 
calculated from the ratio of the 002 peak (I002) height and the minimum (Iam) height. Figure 4 shown the highest 
peak of 002 peaks was reduced in ILs-water mixture. A clear shallow shoulder peak suggested that the arrange-
ment of MCC chains were disturbed within the hydrogen-banded sheets. Although the reaction occurred in dif-
ferent water content mixture system, the result of these entire pretreated sample suggested that the raw sample 
was distorted and transformed into a less ordered intermediate structure. The peak in plane 002 of [B]Cl 1 was 
lowest than that of other sample when water was added in pretreatment process. 

In Table 1, the MCC crystalline index (Apparent Cr.I) is the significant crystalline structure parameters. The 
MCC crystalline index was increased comparing the index of MCC. The result suggests that amorphous MCC 
was dissolve in mixture system, and then the crystalline MCC was decreased related to the water content in 
mixture system. The interlayer distance and crystalline size of d101 and d101 in pretreated sample were increased. 
The interlayer distance and crystalline size of d002 in pretreated sample were dropped corresponding to amorph-
ous MCC regions diminished, as presented in Table 1. 

These results indicated that pretreated sample contain a less ordered structure than untreated one [27]. The X 
value was used as estimates of the fraction of MCC chains contained in the interior of the crystallites. The pre-
treated sample showed lower value confirms that MCC chains in a highly organized form in the interior of the 
MCC crystallite structure could decrease by pretreatment process. This result was reflecting on lower hydrogen 
bond intensity among neighboring MCC chains. 

In Table 2, L is the apparent crystallite size for the refection of plane (002). In Figure 5, the L value was used 
to describe the crystal lattice of glucose units and the DP value was used to estimates of the length of the MCC 
chains. This factor combination of result was used in order to obtain overall evaluation the crystallite size in 
pretreated MCC. The result shown the lower crystal lattice and DP value could existed by ILs-water mixture as 
characteristic index of recovered MCC. The crystallite size in pretreated MCC was become smaller with overall 
dimensions. In addition, ionic liquid [BMPY]Cl, [BMIM]BF4 and [EMIM]Cl was validated in this mixture sys-
tems. The similar effect was observed in these ionic liquids—water mixture systems. It concluded that less water 
used, the smaller crystalline size was obtained in pretreated sample. 

3.3. Thermal Decomposition Analysis of Pretreated MCC Particle Size 
The MCC molecule is a very long polymer of glucose units. The thermal decomposition was tested in order to 
analyze the thermal stability of pretreated samples. The thermal analysis was done on sample MCC, [B]Cl 1 and 
[B]Cl 10. The weight loose percentage of the pretreated MCC with increasing temperature and the rates of  
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Figure 4. (a) Model used to represent MCC chains; (b) XRD analysis of pretreated samples. (sample code [B]Cl 1, 
pretreatment condition: MCC/[BMIM]Cl/ NR50 = 1/10/1, w/w; [BMIM]Cl/water = 1/1 in molar ratio at 100˚C for 1 h; 
[B]Cl 3, [B]Cl 5, [B]Cl 7 and [B]Cl 10 was different in the ratio of [BMIM]Cl/water from 1/3 to 1/10 in molar ratio). 

 
Table 1. Parameters obtained from the XRD analysis of pretreated samples (sample code refer to Figure 4). 

Sample code d101 (Å) d101 (Å) 
002 planes 

d002 (Å) Χ L (nm) 

MCC 5.90 5.60 4.03 0.42 3.21 

[B]Cl 1 5.88 5.67 3.88 0.22 2.13 

[B]Cl 3 5.88 5.65 3.88 0.21 2.12 

[B]Cl 5 5.87 5.64 3.89 0.23 2.21 

[B]Cl 7 5.87 5.63 3.90 0.27 2.30 

[B]Cl 10 5.86 5.61 3.93 0.25 2.28 

 
Table 2. Parameters obtained from the XRD analysis of pretreated samples related to different ILs with pretreatment 
condition different in water content; [BMPY]Cl 10: [BMPY]Cl/water = 1/10 molar ratio; [EMIM]Cl 1: [EMIM]Cl/ wa-
ter = 1/1 molar ratio; [EMIM]Cl 10: [EMIM]Cl/water = 1/10 molar ratio; [BMIM]BF4 0.1: [BMIM]BF4/water = 1/0.1 
molar ratio; [BMIM]BF4 1: [BMIM]BF4/water = 1/1 molar ratio; [BMIM]BF4 10: [BMIM]BF4/water = 1/10 molar 
ratio;). 

 d002 (Å) L (nm) DP 

MCC 4.03 3.21 210 

[B]Cl 1 3.88 2.13 171 

[B]Cl 10 3.93 2.28 180 

[BMPY]Cl 1 3.91 2.21 154 

[BMPY]Cl 10 3.94 2.28 173 

[EMIM]Cl 1 3.90 2.25 161 

[EMIM]Cl 10 3.93 2.28 176 

[BMIM]BF4 0.1 3.91 2.11 163 

[BMIM]BF4 1 3.94 2.23 171 

[BMIM]BF4 10 3.94 2.23 174 
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degradation has shown in Figure 6. It was observed that maximum rate of mass loss of sample [B]Cl 1 and 
[B]Cl 10 exhibited temperature at 365˚C and 372˚C, respectively, compared that of MCC sample at 368˚C, was 
present in Table 3. 

It was observed that the char left after degradation was 15.2% for MCC, 10.6% for [B] 1 and 15.8% for [B]Cl 
10 at 800˚C. The [B]Cl 10 sample has more char than that in MCC. It might be attributed to the fine crystallite 
size sample in [B]Cl 10 compare with MCC [28]. The thermal decomposition of [B]Cl 10 shifted to higher tem-
peratures with increasing crystalline index. This result can confirm that the amorphous MCC was dissolve in 
mixture system, and the recovery MCC was containing less part of amorphous MCC. On the other hand, The 
[B]Cl 1 sample has less char than that in MCC. This result suggested that smaller crystallite size in [B]Cl 1  
 

 
Figure 5. Relationship between L values and de-
gree of polymerization value with the amount ratio 
of water to [BMIM]Cl (molar ratio). 

 

 
Figure 6. TGA and DTG curves for the different pre-
treated samples studied. 
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sample than that in MCC [28] [29]. As a result, a less amount of hydrogen bond between neighboring MCC 
chains resulted from a less order MCC structure which could lead to lower thermal stability, as observed in case 
of [B]Cl 1 sample. 

4. Conclusions 
1) Three state of samples were occurred in pretreated MCC sample related the amount of water in ILs mixture 

system. The powder state sample was no obvious change on morphological feature; the lump state samples were 
found some cracks on its surface; the gel sample as the regeneration product has a smooth surface. 

2) The XRD result of pretreated sample suggested that the raw sample was distorted and transformed into a 
less ordered intermediate structure. 

3) The parameters obtained from the XRD analysis of pretreated samples related to different water content 
had shown that the smaller crystallite size in pretreated MCC was obtained. The crystallite size of MCC was 
become smaller than the sample which was treated by using more water in ILs-water mixture. 

4) The smaller crystallite size in pretreated MCC was also validated in ionic liquid [BMPY]Cl, [BMIM]BF4 
and [EMIM]Cl mixture systems. 

5) A less amount of hydrogen bond between neighboring MCC chains resulted from a less order MCC struc-
ture. The lump state sample could lead to lower thermal stability and less char content. 
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