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Abstract. This work aimed to learn the effect of concentration, 

temperature, and time of extraction toward physical appearances and also 

changes in lattice parameters. The failed extraction was exhibited by black, 

transparent, and undissolved cotton. Meanwhile, successful products were 

indicated by the white suspension. This research was carried out by using 

the microwave-assisted machine to extract the cotton. The optimum 

conditions were reached at 55% acid concentration, 30°C reaction 

temperature, varied time reaction from 1 to 15 minutes. The refinement by 

using Rietica’s software and Le Bail’s method showed that the extraction 

product in a monoclinic crystal structure. It was found the compatibility 

between experimental data and calculation results. The refinement 

references were a = 0.82 nm, b = 1.03 nm, c = 0.78 nm, α = γ = 90 º and β = 

84. Lattice parameter after hydrolysis was greatly different with cotton, 

mainly in a.  
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Introduction 

 Cellulose is the large material can be 
found on earth and used in diverse industries [1]
–[3]. It can be obtained from several sources 
such as plants [4]–[6], some sea organism [7] and 
several bacteria [8][9]. With all the advantages 
such as reproducibility, degradability, biocompa-
bility, it has pulled attention to develop this ma-
terial in some fields [10]–[12]. Diverse usage of 
cellulose has already applied in electronic device 
[13], food packaging [3][14], medicine [15][16], 
etc.  

Cotton, one of the fiber, is commonly 
used as cosmetics, bedding material, mattress, 
and used in various textile industry fabric. As 
modern products, commonly it is blended with 
the other fiber to provide good performance. 
According to textile fabric and their selection, 
cotton has several properties [17] such as; cotton 
is easy to absorb water (up to 27 times from its 
weight), cotton is easily attacked by fungi and 
bacteria especially on wet and warm condition, 
cotton has excellent properties such as easy to 
be cleaned, comfort to be used and cheap and 
cotton fiber as fabric raw material, it has excel-
lent properties. In hot weather, when body per-
spires, cotton fiber absorbs liquid from our body 
and is evaporated. In cold weather, when fabric 
still dry, it keeps body heat. 

Based on their specimen, cotton has sev-
eral types which are Gossypium hirsutum, it is 
commonly well known as upland cotton or Mexi-
can cotton, Gossypium barbadense, it is com-
monly well known as extra long staple (ELS) 
cotton. It generally has a staple of at least 1 3/8" 
or longer,  Gossypium arboreum, in another term 
is well known as tree cotton. It is native species 
of India, Pakistan, tropical and subtropical region, 
Gossypium herbaceum, it is commonly well 
known as Levant cotton. It is native species of 
semi-arid region regions of sub-Saharan Africa 
and Arabia [18]. 

Cotton has higher degree of polymeriza-

tion and degree of crystallinity, as compared to oth-
er cellulosic fiber. As seen in Table 1, its are as high 
as 9000-15.000 and 70%, respectively which are the 
highest among cotton, rayon and wood pulp. Higher 
degree of polymerization and crystallinity are asso-
ciated with high fiber strength. This makes cotton 
be a promising source of producing biopolymers 
[18].   

Table 1 shows the different between degree 
polymerization and degree of crystallinity among 
cotton, rayon and wood pulp. Higher degree of 
polymerization and crystallinity are associated with 
high fiber strength.  

Microwave assisted extraction is advanced 
technique to take certain substances from plant 
material. Conventional technique such as macera-
tion, percolation and decoction are time and solvent 
consuming. Microwave assisted extraction tech-
nique can produce high extraction yield, and de-
crease time and solvent consumption [20].  

Microwave machine is based on a principle 
of energy absorption of sample and solvent causing 
vibration/motion on molecule scale, and producing 
heat. This condition increases the mass transfer rate 
of the solutes from sample matrix to solvent. By 
using this machine, the extraction process occurs in 
controlled environment (pressure, time, tempera-
ture and power). 

Microwave consists of thermo-well and fi-
ber optic temperature sensor. The thermo-well is a 
glass tube. A glass tube has one hole with one side 
closed end. The fiber optic temperature sensor is 
entered to glass tube. The closed end of the thermo
-well is sunk in the sample mixture. The glass tube 
to cover fiber optic sensor from extreme condition 
in a vessel. The temperature sensor can read up to 
300 °C and completely inert to all corrosive rea-
gents. 

Pressure in vessels can be controlled up to 
1500 psi. There are two main parts in pressure sen-
sor. Those are (1) the sensor connecting a vessel 
pass through a flexible microwave transparent tube 

Fiber Average Degree of Polymerization Average Crystallinity (%) 

Cotton 9,000–15,000 73 

Viscose rayon regular 250–450 60 

Wood pulp 600–1,500 35 

Table 1. Degree of polymerization and crystallinity of cellulose fiber [19]  
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(the blue tubing in Figure 2), and (2) connector 
and electronic control. A pressure sensing load-
cell placed in a black cylinder. Actual pressure in 
vessels is detected by the load cell, and the load 
cell delivers a signal to the electronic control 
unit.  

 

Experimental 

 Preparation of Sulfuric Acid and Sodium 
Hydroxide. Sulfuric acid 35.0 % (w/w) was pre-
pared by pipetting 35.7 mL of concentrated sulfu-
ric acid, pouring into 50 mL of distilled water con-
taining in a 100 mL volumetric flask and then di-
luting the solution to 100 mL. The same proce-
dure were performed. Instead, 45.9 mL, 56.1 mL 
and 66.3 mL of concentrated H2SO4 were pippet-
ed in order to prepare 45.0 %(w/w), 55.0 %(w/w) 
and 65.0 %(w/w) respectively. 1% (w/v) sodium 
hydroxide was prepared by weighting 10 mg of 
sodium hydroxide and diluted with water until 
1000 mL. 

 

Result and Discussion 

The Extraction of Cotton. 
 Effect of Acid Concentration. The cotton 
was extracted from 45.0 %(w/w) to 65.0 %(w/w) of 
sulfuric acid concentration. When the acid concen-
tration further increased to 65.0 % (w/w), the sus-
pension turned black. This result suggested that the 
decomposition of cotton formed under this condi-
tion [21]. Thereby, H2SO4 concentration of 55.0 %
(w/w) was adopted in the optimization of the prepa-
ration. 

Xiang et al [22] suggested that the early step 
of cellulose hydrolysis involves diffusion of sulfuric 
acid to cellulose matrix. A proper concentration of 
sulfuric acid to diffuse into cellulose matrix was im-
portant to hydrolyze a material. 

 Effect of Reaction Temperature. The tem-
perature controlled by the auto-adjusting micro-
wave was set at 30 oC, 40 oC and 50oC, respectively. 
The maximum concentration of 55.0 %(w/w) and 
reaction time of 2 minutes were used. The suspen-
sion became black at a reaction temperature of 
50oC. At this temperature, the hydrolysis reaction of 
cotton was so high that the crystalline region was 
broken. 

 Effect of Reaction Time. The maximum re-

Figure 1. Microwave accelerated reaction system 
machine [20]  

Figure 2. Pressure sensor, temperature sensor, ves-
sel and sleeve (left to right) [20]  

Figure 3 Extracted samples at optimum conditions, 55.0 %(w/w), 30°C,  with difference in time (a) 1 mi-

nute (b) 5 minutes (c) 10 minutes and (d) 15 minutes  
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action temperature of 30oC and concentration of 
55.0% (w/w) were used as further experiment. 
Reaction time was varied from 1 minute to 15 
minutes. This experiment at all time reaction 
showed white suspension which indicated the 
cotton extraction was successfully obtained.  

 Refinement. To determine the lattice 
parameters of cotton wool and MCCs, the XRD 
refinements were carried out using Rietica soft-
ware with a Le Bail method. Le bail method ex-
tracts data from experimental sources such as 
intensity (Ihkl). This method can be used to esti-
mate atomic structure of a crystalline material. 
The advantages of this method like checking pu-
rity of the materials.  

By using Le Bail method, the unit cell and 
the approximate space group of the sample must 
be predetermined because they are included as a 
part of the fitting technique.  The algorithm in-
volves refining the unit cell, profile parameters, 
and peak intensities to match the measured 

diffraction pattern.   

In this work, cell parameters of cellulose 
reported by Buyukakinci [23] were used as refer-
ences for refinement process where a = 0.82 nm, b = 
1.03 nm, c = 0.78 nm, α = γ = 90 º and β = 84. Figure 
4 shows the XRD fitting process for samples.  It was 
found that the compatibility between the measured 
diffraction pattern and the fitting pattern was exhib-
ited for all samples.  The lattice parameters of 
cotton wool and MCC samples obtained from each 
refinement are shown in Table 2. 

In Table 2, the lattice parameters proved 
that the crystal structure of cotton is monoclinic (Iβ). 
The results also agreed with that reported by Park 
et al [24] that cellulosic plants had a monoclinic (Iβ) 
crystalline structure. Changes in lattice parameters 
was found after hydrolysis, especially a.  The a pa-
rameter of cotton extraction was slightly lower than 
that of cotton wool. 

 

Figure 4. XRD refinement of (a) cotton (b) acid concentration observation (c) reaction temperature obser-
vation and (d) reaction time observation by using Rietica software, Le Bail method. Symbol of (+) repre-
sents data observation of XRD, red line represents calculation results, vertical blue line represents ex-

pected Bragg position and green line represents the difference between observation and calculation data.  

Lattice Parameter 
Sample 

Cotton Extraction 1 Extraction 2 Extraction 3 

Crystal System Monoclinic Monoclinic Monoclinic Monoclinic 

a (Å) 8.04480 7.21390 6.39250 6.96430 

b (Å) 10.0587 9.74320 8.26530 10.11810 

c (Å) 7.79890 7.32980 6.96200 7.88590 

β (°) 84.05890 85.36840 87.82680 87.13850 

Table 2. The lattice parameters of cotton wool and samples obtained from XRD   refinement  
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CONCLUSION 

 In this research, cotton was extracted by 
microwave assisted and sulfuric acid as hydroly-
sis agent. The optimum conditions were reached 
at 55% of sulfuric acid (the effect of concentra-
tion), 30°C (the effect of temperature) and in all 
reaction time (the effect of reaction time). In ad-
dition, the refinement of XRD data using Rietica 
software with Le Bail method indicated that the 
crystal structure of extraction product were in 
the monoclinic system. 
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