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Abstract
In this work barley husk fiber (agro waste) was chemically modified 
with two treatments: alkali (sodium hydroxide) and stearic acid. 
These chemical treatments were conducted for investigating 
the thermal and morphological properties of barley husk using 
Thermo Gravimetric Analysis (TGA) and Scanning Electron 
Microscopy (SEM). The bio-fiber was also characterized with 
fourier transform infrared spectroscopy (FT-IR) and elemental 
analysis. It was observed that the fiber morphology changed after 
treatment and surface became irregular. TGA curve showed two 
stage decomposition of raw barley husk and chemically treated 
fiber. Moisture evaporation occurred during the first stage below 
250 °C and degradation of fiber occurred between 250 to 450 °C. 
It was concluded that barley husk fiber became more thermally 
stable after chemical treatments. 
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I. Introduction
Natural lignocellulosic agro waste is a major source of fiber for 
biodegradable and environment compatible products. Natural 
fiber such as flax, coir, hump, wheat straw and barley husk have 
advantage of light weight, specific modulus, non toxic, easy 
processing and renewable [1]. On the other hand, synthetic fiber 
as glass and carbon has been commercially used for the synthesis 
of composites because of excellent properties. But they have the 
problem of biodegdrability and have high cost [2].
Lignocellulosic fiber contains cellolusic, hemicellulose, pectin, 
waxes and ashes. Generally, pectin and waxes covers the fiber 
reactive functional groups and restrict the interaction between 
filler and matrix. However, another limitation of natural fiber is 
their thermal instability, which degrades natural fiber below 180 
°C and responsible for low mechanical properties [3].
According to the literature published by Khan and Alam [3] the 
order of thermal stability of cellulosic fiber is lignin > α-cellulosic 
> hemicellulose. So, there is a need to chemically modify the fiber 
for better filler and matrix interactions as well as more thermal 
stability. Different literature has been published for the chemical 
treatment of natural fiber  [ 4-7]. Barley husk is a cereal waste and 
used for food and cattle waste. It contains about 39 % of cellulosic 
[8]. In the present work, barley husk has been chemically treated 
with sodium hydroxide and stearic acid. The effect of chemical 
treatments on the thermal and morphological properties has been 
performed using TG/DTG and SEM analysis.

II. Materials
Barley was purchased from the local market of Jalandhar, India. 
NaOH and stearic acid was   obtained from Loba chemicals 
Mumbai, India. All chemicals used were of analytical reagent 
grade.

III. Sample Preparation
Barley was obtained from local market and mild grounded to 
separate the husk. The separated husk was washed with double 
distilled water for three times to remove the dust and other water 
soluble impurities. Barley husk was dried at 80 °C in oven for 12 
hours. Finally, the husk was grounded to 1-2 mm in size.

IV. Treatments of Barley Husk 

A. Alkali Treatment
The barley husk fiber was soaked in 5 % alkali solution for 1 h. The 
fibers were washed thoroughly with distilled water several times. 
After removal of fiber from NaOH, they were treated with acetic 
acid to neutralise the remaining hydroxide and were oven dried 
at 70 °C [9]. The reaction between fiber and sodium hydroxide 
is shown in fig. 1 (a).

B. Stearic Acid Treatment
Alkali treated fibers were soaked in 1% stearic acid in alcohol 
for 1 h and dried in an air oven at 60 °C for 1 h [9]. Reaction of 
stearic acid treatment is presented in fig. 1 (b).

 
Fig. 1: Schematic Illustration of the Reactions Involved During 
Chemical Treatments: Alkali Treatment (a), Stearic Acid Treatment 
(b).

C. Measurements
The FTIR spectra of barley and chemically modified barley husk 
fiber were recorded by FTIR instrument (Perkin Elme, Model RX-1) 
using potassium bromide (KBr) pellets (Sigma Aldrich). FTIR 
spectra were recorded at a resolution of 4 cm-1. The morphological 
images of barley husk fiber were recorded by QUANTA FEG 450, 
scanning electron microscope (Jeol Ltd, Tokoyo, Japan). Samples 
were gold plated and observed at magnification range of 200 X 
to 4000 X. Thermal stability of the samples were measured with 
a thermal gravimetric analyzer (Perkin Elmer, Pyris Diomand) at 
a heating rate of 10 °C/min. 

VI. Results and Discussion
 Barley husk contains about 39 % cellulose and 22 % lignin, with 
small amount of protein and fat. The chemical composition of 
barley husk fiber is presented in Table 1. Fig. 2 shows the elemental 
analysis of pure barley husk and chemical treated (alkali and 
stearic acid) barley husk fiber. Barley husk contains mainly carbon 
and oxygen, while chemically treated fiber contain small amount 
of potassium, sulphur and sodium. Table 2 shows the elemental 
analysis of pure barley husk and chemically treated fiber. Images 
of raw and chemically treated fiber are shown in fig. 3.
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Table 1: Chemical Composition of Barley Husk
Composition (%) Barley husk
Cellulose 39
Hemicellulose 12
Lignin 22
Starch 11
Protein 4
Fat 4

Table 2: Elemental Analysis of Barley Husk and Chemically 
Treated Barley Husk

Fiber C
 (%)

O
 (%) K (%) Na 

(%) S (%)

Raw fiber 49.99 50.01 - - -

Alkali treated 49.85 49.99 - 0.16 -

Stearic acid 
treated 40.48 49.48 6.61 - 3.44

Fig. 2: Elemental Analysis of Pure Barley Husk (a), Alkali Treated 
(b), Stearic Acid Treated (c).

VII. FT-IR Analysis
Fig. (4-6) shows the FTIR spectra of un-treated barley, alkali and 
stearic acid treated barley husk fiber. In the spectra of raw barley 
husk (fig. 4), the peak at 3399 cm-1 was due to hydrogen bonded 
O-H stretching. The peak at 2925 cm-1 was the characteristic of 
C-H asymmetric and symmetric stretching. This was related to the 
aliphatic moieties in celloluse and hemicellulose [11]. The band at 
2139 cm-1 represents Si-H stretching. A sharp peak at 1649 cm-1 
showed N-H bending in primary amine [8]. Other peaks 1022 
cm-1 (C-O deformation in secondary alcohol), 898 cm-1 (C-1group 
frequency or ring frequency), which is the property of β-glycoridic 
linkage between sugar units [8].
In the spectra of alkali treated fiber (fig. 5), there was an absence 
of characteristic peak (C=O) at 1736 cm-1. This was due to the 
removal of hemicelluloses found on the fiber surface [11]. A peak 
1249 cm-1 associated with C-O stretching and deformation bands 
in lignin changed, which indicated that partial removal of lignin 
by alkali treatment [9].
FT-IR spectra of stearic acid fiber (fig. 6) showed a new peak at 
1735 cm-1 observed [9] for carbonyl group of ester. A strong peak 
at 2926 cm-1 attributed to C-H bond appearing in the spectra of 
barley husk fiber.  

Fig. 3: Images: Un-Treated Barley Husk (a), Alkali Treated (b), 
Stearic Acid Treated (c)

Fig. 4: FT-IR Spectra of Un-Treated Barley Husk

 
Fig. 5: FT-IR Spectra of Alkali Treated Barley Husk

Fig. 6: FT-IR Spectra of Stearic Acid Treated Barley Husk
Morphology
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Surface morphological images of the un-treated and chemically 
treated barley husk fiber are shown in fig. 7. The surface of un-
reacted barley husk fiber was found to be smooth. It was observed 
from the fig. 7 (a) that the fiber surface has intercellular gaps. These 
gaps are reffered as cellular units and filled by lignin (binder) and 
fatty substances [3].
SEM images of alkali treated fiber are shown in fig. 7 (b). It 
was observed that the surface became rough and found to have 
holes on the surface. This was due to the removal of waxes and 
fatty deposits [9]. SEM image of stearic treated fiber is shown 
in fig. 7(c). Stearic acid treated fiber has rough surface and more 
fibrillation. 

Fig. 7: SEM Images: Un-Treated Barley Husk (a), Alkali Treated 
(b), Stearic Acid Treated (c)

VIII. Thermal studies

Fig. 8: TGA Curves: Un-Treated Barley Husk (a), Alkali Treated 
(b), Stearic Acid Treated (c)

Fig. 8 shows the TGA curves of un-treated and chemically treated 
barley husk fiber. The onset and final decomposition temperature of 
barkey husk fibre (fig. 8 (a) was 50 °C and 403 °C. Decomposition 
of un-treated fibre took place in two stages, from 0 to 215 °C and 
215 to 403 °C. Weight loss was 8.2 % and 78.8 % during first and 
second stage. First stage decomposition was due to the evaporation 
of moisture and degradation of cellulose, where as degradation 
of lignin and char oxidation was responsible for second stage [3, 
12]. Table 3 shows the weight loss during different temperature 
ranges. 

In case of alkali treated fiber, (fig. 8(b) the weight loss was 12 
% for first stage (0 to 284 °C) and 79 % for second stage (284 
to 494°C). In the similar manner, (figure 8 c) stearic acid treated 
fiber has a weight loss of 7.9 % and 81% during first and second 
stage. Above 900°C, un-treated fiber has a weight loss of 96 % but 
in case of alkali and stearic acid treated fiber the weight loss was 
97 % and 93 %, respectively. Results showed that the degradation 
temperature of chemically treated fiber was more than un-treated 
fiber. So, the fiber became more thermally stable after chemical 
modifications.

Fig. 9: DTG Curves: Un-Treated Barley Husk (a), Alkali Treated 
(b), Stearic Acid Treated (c)

DTG data showed the rate of weight change of fiber with 
temperature. Weight loss (mg/min) with temperature is presented in 
Table 4.  Fig. 9 (a) showed the DTG curve of un-treated fiber. It was 
observed that the un-treated fiber has three decomposition peaks 
at 84 °C, 316 °C and 438 °C, with a weight loss of 0.941(mg/g), 
0.732 (mg/g) and 0.337 (mg/g). However, in case of chemically 
treated fiber (fig. 9(b) & (c) the weight loss (mg/min) was very 
low as compared to un-treated fiber. So, thermal stability improved 
with chemical treatments.

Table 3: Weight Loss (%) in TGA With Temperature

Fiber Temperature range °C Weight
 loss %

Un-treated fiber 0-215 8.2

215-403.53 78.8

403.53-996 9

Alkali treated 0-284.34       12

284.34-494.83       79

494.83-915.8        8

Stearic acid treated 0-226 7.9

226-451 81

 451-923 4
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Table 4: Weight Loss (mg/g) in DTG With Temperature

Fiber Temperature range 
°C

Weight loss (mg/
min)

Un-treated fiber 84.9 0.941
316.7 0.732
438 0.337

Alkali treated 76 0.12
384 0.22
533.9 0.11

Stearic acid treated 74.5 0.416
304.5 0.441

 447.6 0.149

IX. Conclusion 
Barley husk fiber was chemically modified with alkali and stearic 
acid treatments. Morphological and thermal properties of treated 
fiber were investigated. Surface morphology revealed that the 
surface became irregular after surface modifications. Thermal 
stability of the fiber also improved which was confirmed by TGA 
and DTG studies. DTG study showed a maximum weight loss 
of 0.941 (mg/g) at a temperature of 84 °C, where as staeric acid 
treated fiber has a weight loss of 0.416 (mg/g) at a temperature 
of 76 °C. Elemental analysis confirmed the presence of C, O and 
Na, S and K after treatment in barley husk fiber.
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