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ABSTRACT The current study shows the effect of chemical treatment on the structure and morphology of sisal fibre. 
In the present study sisal fibre is treated with aluminum nitrate salt. The treatment is done at 1000oC 

temperature using annealing method. X ray diffraction of the treated sisal fibre reveals the crystalline nature of the fi-
bre. Change in morphology has been found in sisal fibre when subjected to Scanning Electron Microscopy. 

Introduction 
Aluminum oxides  are  chemical compounds  composed 
of  aluminum  and  oxygen. All together, there are sixteen 
known aluminum oxides  and oxyhydroxides. [1-2] Alu-
minum (III) oxide  or  aluminum oxide  is the  inorganic com-
pound  with the formula Al2O3. Powder metallurgy com-
prises a set of processes of forming having for common 
denominator a raw material in a powder form. The re-
duced aluminum powder is the most widely used material 
in powder metallurgy industry.LiAlO2 has various crystalline 
structures such as α- LiAlO2, β-LiAlO2, γ-LiAlO2, Layered 
LiAlO2, Corrugated LiAlO2, Goethite type LiAlO2 etc. The 
crystalline structure of LiAlO2 depends mainly on the prep-
aration methods. Many researches prepared LiAlO2 with 
different structures. α-LiAlO2 with Fm-3m space group by 
using solid state reaction and α-LiAlO2 with Fm3m space 
group by hydrothermal synthesis [3-5]. 

The geo polymers were made using metakaolin, calcium 
hydroxide, sodium hydroxide, sodium silicate and water. 
The geo polymers contained two or three phases, depend-
ing on whether or not calcium hydroxide was used. For 
geo polymers with no calcium hydroxide, the samples con-
tained two phases: unreacted metakaolin and geo polymer 
gel. To ensure geo polymer gel was forming and to moni-
tor the amount of the geo polymer gel, hydrochloric (HCl) 
acid extractions were performed. For geo polymers with 
calcium hydroxide, samples contained three phases: un-
reacted metakaolin, geo polymer gel and calcium silicate 
hydrate with aluminum substitution (CASH). In conjunc-
tion with the HCl extraction, salicylic acid/methanol (SAM) 
extractions were performed to verify the presence and 
amounts for each phase. X-ray diffraction (XRD) was used 
to identify crystalline phases as well as monitor the chang-
es in the amorphous peak from metakaolin to geo poly-
mer. XRD analysis showed that the geo polymers with vary-
ing Si/Al ratios produced the same pattern. The patterns 
with calcium hydroxide in the geo polymer produced an 
amorphous peak that was narrower and centered at higher 
2Ɵ value than the geo polymers with no calcium hydrox-
ide. The patterns also confirmed the presence of calcium 
silicate hydrate in XRD patterns. Both Si and Al [6] magic 
angle spinning nuclear magnetic resonance (MAS-NMR) 
were used to quantitatively observe the individual silicon 
and aluminum structures in the different phases in the 
geo polymer. From Si NMR analysis, the composition and 
amount of the different phases in the geo polymer could 
be determined. Increasing the Si/Al ratio caused a de-
crease in Si-O-Al bonds and an increase in Si-O-Si bonds 

in the geo polymer gels, which caused the compressive 
strength in the geo polymer to increase. The Si [7] NMR 
analysis showed that geo polymers with calcium hydroxide 
produced calcium silicate hydrate that had cross-linking 
tetrahedral with alumina substitution in bridging tetrahe-
dral sites. The increasing amount of calcium hydroxide in-
creased the amount of CASH and decreased the amount 
of the geo polymer gel. Increasing calcium hydroxide 
caused the Si/Al ratio of the geo polymer gel to decrease. 
The combination of geo polymer gel and CASH increased 
the strength of the geo polymer gel [8]. 

Silicon dioxide (SiO2) is the most commonly used gate di-
electric in metal-oxide-semiconductor (MOS) devices due 
to its chemical and thermal stability on Si substrates [9]. 
The SiO2 thickness has been decreased significantly in the 
development of high-speed advanced semiconductor de-
vices [10-11]. However, the gate oxide thickness can-not 
be reduced below 2 nm because of reliability problems as-
sociated with conventional SiO2 and high leakage currents 
caused by direct tunneling across the gate dielectric film 
[12-13]. Based on these restrictions, high dielectric-con-
stant materials are required as alternative gate insulators 
in advanced MOS devices [14-15]. Compared to SiO2 films, 
high dielectric-constant films can provide larger physical 
thicknesses and significant reductions in leakage currents 
for the same equivalent oxide thickness (EOT) [16-17].
Among the high-dielectric-constant materials, HfO2,Al2O3, 
ZrO2, and Ta2O5 have been extensively studied to solve 
the excessively high leakage-current concern for future ad-
vanced high performance devices [18-19]. Al2O3 and HfO2 
are considered to be the most attractive materials among 
the high dielectric materials. Also, Al2O3has been studied 
in ultra-large-scale integrated devices because it remains 
amorphous even after annealing at temperatures as high 
as 1000oC [20]. In addition, Al2O3 exhibits a large band 
gap (∼8.8 eV), a high field strength, a excellent thermal 
stability, and large band offsets [21].

In the present study the main objective was to find effect 
of chemical treatment of sisal fibre and see changes on the 
structure and morphology of fibre. It desired result is ob-
tained the use the chemically treated sisal fibre.

Process 
Aluminum Nitrate ( Al(NO3)3.  9H2O) and ammonium chloride 
(NH4Cl) was taken in the ratio 10:4 in 500 ml of distilled wa-
ter. The mixture was stirred till a homogenous solution was 
obtained. In this mixture 10g of processed sisal fiber was 
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added and then 1:1 solution of NH4OH (liquid ammonia) was 
added to it and left the solution for one hour. Again the mix-
ture thus obtained was dried and then annealed in muffle fur-
nace at 1000oC and kept it at that temperature for different 
time duration sample 1 (SP1) for 15 min, sample 2 (SP2) for 
30 min and sample 3 (SP3) for 45 min.

The reaction may take place in this way

2Al (NO3)3.9H2O +3NH4Cl+3NH4OH+ Fiber→ Al2O3: fiber 
(Aluminum oxide: fiber) + 6NH4NO3 + 3HOCl + 18H2O

When aluminum nitrate reacts with ammonium chloride 
and ammonium hydroxide along with sisal fiber at 1000oC 
aluminum oxide is formed which is confirmed through XRD 
analysis and other by products like 6NH4NO3 Ammonium 
nitrate and HOCl (hypoclorous acid) decomposed at such 
high temperature and only aluminum oxide is left .

Result and discussion 
TEM
Fig 7 (a) (b) and (c) for SP1, SP2 & SP3 respectively shows 
the non linear and non uniform dispersed aluminum oxide 
particles of  110.57nm and the agglomerated fiber con-
taining 284.63-156.92nm size particles of aluminum oxide. 
The samples appear highly strained as seen in fig 7 (a) (b) 
and (c). The presence of dislocation loops is clearly seen. It 
is possible that the strain present in the sintered samples 
has a direct effect on the dielectric loss. The TEM micro-
graphs show the heterogeneous microstructure aluminum 
oxides. A heterogeneous distribution of the individual 
phases is observed in all heterogeneous systems. On the 
other hand, in the aluminum oxide samples the particles 
possess needles like morphology with non-uniform sizes in 
a range from 110.57nm to 284.63-156.92nm. These nee-
dles are less in numbers but large in size. The TEM inves-
tigations of the aluminum oxide composite samples show 
heterogeneous distribution with aluminum oxide needle 
like structure of about 30nm sizes. The diffraction pattern 
shows a higher grade of crystalline for the high aluminum 
oxide containing sample. The first fig shows the magnifica-
tion 40000 which shows total palate of size of 110.57nm, 
second fig shows with the magnification of 60000 which is 
clearly shows the fibrous portion of the palate 284.63nm 
and third fig shows the magnification of 12000 which again 
shows the fibrous portion of the palate 156.92nm.

Table 1

Name  Symbol Classification A B

Cellulose C6H10O5 C-H Deprotonation C H

Hemicelluloses C5H10O5 C-H Deprotonation C H

Lignin  C13H34O11 C-H Deprotonation C H

                 

			          

Fig (c)
Fig 4. (a) (b) and (c) TEM of Al2O3 to find the structure 
and composition of the sample prepared in our studies.
 
The TEM graphs show the highly homogeneous micro-
structure if Al2O3 samples the aluminum nitrate and am-
monium chloride (10:4) one has still amorphous particles. 
The TEM investigations of the Al2O3 composite samples 
show heterogeneous distribution with needle like structure. 
Among the sisal fiber doped aluminum samples with the 
composition has a longer amount of pores in the micro-
spores region. Hence the pores size can be adjusted by 
the composition according to needs of the applications 
TEM observations confirmed the homogeneity of the mi-
crostructure. The morphology of the composites consists 
of aluminum oxide needles with high aspect ratio. It is 
possible to synthesize materials with different porosity fea-
tures and surface morphology, which result in different ap-
plications by changing the ration of individual components 
in oxide system [24].

FTIR
The formation of α-Al2O3 was approved by FTIR spectrum 
in figures showed that α-Al2O3 is known to have spinal 
structures which exist over a range of hydrogen content 
captured by the empirical formula H3mAl2-mO3. It is clear 
that broad absorption bands appear at 3500-500cm-1 
respectively, which is attributed to the stretching vibra-
tion of hydroxyl groups. The peaks at 3127.07, 1399.42 
and 584.57 cm-1 correspond to the vibration of carbox-
ylic acid groups. The IR transmission spectra of sisal fiber 
composite shown in fig from fig 8, 9 & 10 for SP1, SP2 
& SP3 respectively were recorded in the range 3700-
3400 cm-1. The wave number of fig 8 (SP1) 3127.0691, 
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2358.4974, 1641.0773, 1399.4211 and 584.5742cm-1 shows 
the width 1471.2957, 1716.5060, 82.7603, 40.8444  and 
378.2537cm-1 of IR spectra respectively. 

Fig. 6 Intensity of Transmittance versus wave number 
(courtesy SIRT-F Bhopal)
 
The prepared sample was free from visible inhomogenei-
ties like cracks or bubbles. Decrease with a shifting of me-
ta-center towards slightly higher wave number. For further 
increase of Al2O3 the intensity of this band is continued to 
decrease where the first group of bands is also observed 
to decrease [25]. The peaks at 3447.86, 1639.35 and 
586.54 cm-1 correspond to the vibration of carboxylic acid 
group. The wave number of fig 9 (SP2) 3447.86, 2360.13, 
2072.60, 1639.35, 1397.30, 642.20 and 586.54 cm-1 shows 
the width 445.6188, 60.6905, 203.3672, 82.8672, 44.0294, 
92.4690 and 294.6694 cm-1 of IR spectra respectively. 

Fig. 7 Intensity of Transmittance versus wave number 
another sample (courtesy SIRT-F Bhopal).

The peaks at 3450.73, 1638.44 and 589.85 cm-1 corre-
spond to the vibration of carboxylic acid group. The wave 
number of fig 10 (SP3) 3450.73, 2360.94, 1638.44, 74004 
and 589.85 cm-1 shows the width 558.7216, 54.5087, 
79.0997, 366.1014 and 46694.4103 cm-1 of IR spectra re-
spectively. The prepared sample was free from visible inho-
mogeneities like cracks or bubbles. Decrease with a shift-
ing of meta-center towards slightly higher wave number. 
For further increase of Al2O3 the intensity of this band is 
continued to decrease where the first group of bands is 
also observed to decrease [25].

 
Fig.8 has several valleys imitating influence of dopants. 
The prominent valley at 3437 cm-1 is interesting (courte-
sy SIRT-F Bhopal).
 
The stronger broadening bands 3500-1000 cm-1for SP1, 
3400-900 cm-1 for SP2 and 3300-800 cm-1for SP3 occurs 
due to the hydrogen bond between the various hydroxyl 
groups in the product. The stronger broadening bands 
3700-3400 cm-1 for SP1, SP2 & SP3 correspond to Al-O vi-
bration existed under the temperature of 1000oC at 15, 30 
and 45 min for SP1, SP2 and SP3 respectively. In agree-
ment with other works it is resulted that the main factor in 
obtaining of different aluminum oxide phases is the calci-
nations temperature at 1000oC leads to form the α-Al2O3 
[26].

Conclusion 
The effect of chemical homogeneity, fine structure, particle 
size and shape of the aluminum samples are understood 
to affect the properties of its TEM and FTIR behavior. The 
presence of moisture, cellulose, hemicelluloses, lignin and 
pectin also contribute towards changes in composites 
properties.  In this agreement with other works, it is result-
ed that the main factor in obtaining of alumina is the calci-
nations temperature on different time durations.
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