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ABSTRACT

Industrial dye wastes represent one of the most problematic groups of pollutants because they can be easily identified
by the human naked eye and are not easily biodegradable. This research article highlights some recent development
of Nanocellulose-Clay Nanofilter (NCCNF) in water treatment technologies. Nanocellulose (NC) was extracted
for this research work from banana tree rachis fiber (Ebelmuschus esculentus L). Firstly, obtained raw fibers from
banana rachis were treated with soap solution and benzene-alcohol (1:2) mixture then alkali wash with 17.5% NaOH
solution andfinally, bleachingaswellas60%sulphuric acid(H2S04) hydrolysis wascarried outonitsuccessively.
BythiswayNCwasextractedsuccessfullyfromrawrachisfiber.Ontheotherhand,collectedwhiteclaytreatedwith
ethylene diamine (5%). In this work, we described briefly how NC was produced and its peripheral surfaces were
activated for high adsorption. The anti-fouling properties of ‘NC-Clay’ based nano-filters will be also highlighted.
However, NC-Clay Nanofilter (NCCNF) was prepared by solution casting method. And the samplesi,e RF, ATF,
BF,NCand NCCNFwere characterized by Fourier transformsinfrared spectroscopy (FTIR), Thermo gravimetric
analysis (TGA), X-ray diffraction (X-RD), Scanning electron microscopy (SEM) analysis. Analysis data supports this
bio nanofilter is highly crystalline, thermally stable, have good surface morphology, and also have strong composite
forming capacity as well as biodegradable. On the other hand waste water containing heavy metal solutions were also
characterized by UV-Visible and AAStechniques.
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the mineral structure. For this absorption ability it was chosen
and modified by 5% ethylene diamine with a view to enhance its
hydrophilic nature as well as surface activity. However, Studies in the
early twenty first century have inspected that the absorption capacities
of clay in various applications, as for examples the separation of toxic
heavy metals, dye molecules as well as hazardous organic or inorganic
substances from waste water and air purification [8-9]. Depending
upon the soil's content in which it is found, clay can appear in various
colours such as dull grey to white and brownish to deep orange-red.
But here to fabricate NCCNF we used partially white clay as a filler
material.

Introduction

As an agricultural country in Bangladesh every year a huge
amount of banana rachis (Figure 1) are expelled out from the banana
production and processing farming land/zone as an agro waste
materials which causes serious pollution in our environment. We
know that banana rachis is a good source of cellulose. This is why
for the extraction of nano-cellulose banana rachis (Ebelmuschus
esculentus L) was chosen as a source material of cellulose in this
research work. Here, banana rachis was chosen because they were
agricultural waste material thus they were cheap, edible, non-toxic as
well as biodegradable i,e., eco-friendly. However, cellulose referred as
a tough, fibrous, linear syndiotactic homo polymer which composed
of D-anhydro glucopyranose units which are linked by B-(1,4)-
glycosidic bonds [1]. They are undoubtedly the most abundant natural
biopolymer on the earth, widely subsistent over a diversity of origin
for example marine animals, bacterial and plants. With the growth of
the environmental awareness we are looking for eco-friendly materials
to eliminate the fossil fuel based polymeric materials, in order to
preserve and protect our environment [2]. Due to biodegradability
and biocompatibility NC has an important application on the field of
nanofilter, nanocomposites and bio-nanomedicine. In some cases, the
nanostructured form of cellulose nano crystals (CNC) was produce by
the interaction of bacteria, also known as bacterial Nano-cellulose [3].

Figure 1: Banana rachis (agro-waste)

On contrast clay materials are the combinations of solid, fluids
and gasious phases [4]. The solid phases are of mineral and organic
substances that make up the crystal geometrical structure of clay
complex [5-6]. Chemically clays are plastic due to their water content
and become hard, brittle and non-plastic upon drying or firing [7].
Besides this clays have an extraordinary water/moisture absorption
capacity due to its phyllosilicate minerals. Because phyllosilicate
minerals always help it to trap a variable amounts of water into
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However, there were many processes for the treatment of industrial
waste water for example biological treatment, catalytic oxidation,
filtration, sorption process etc. But here we used nano-filtration
process for the purification of industrial waste water. We produced
NC-clay composites as a nanofilter, it was chosen because of its bio-
degradability (both the reinforcement and the matrix were bio based).
NCCNF composite is better than any other filter composite. The most
important cause to choose CNC-clay composites that the main raw
material (NC) was collected from agricultural wastage (a bio-resource),
so it is cheaper, biodegradable, nontoxic and environmental friendly
nanocomposite. They also have thermal stability, high crystallinity,
high composite forming ability, good surface activity and have better
abrasive properties. On contrast, clays are highly crystalline and they
have a good absorption capacity against important water pollutants,
e.g., heavy metal species, dye wastes and organic molecules. So, CNC-
clay composites are very effective for the purification of waste water. In
this research work, it was tried to find out how to use properly the agro
wastage for the waste water treatment technology in very economical,
effectively as well as easy way.

Materials and Methods

Materials

Banana (Ebelmuschus esculentus L) rachis fibre was the raw material
of NC which collected from banana cultivating and processing landing
area near Islamic University, Kushtia and white clays were collected
from Vejaypur, Bangladesh. Sodium Hydroxide (NaOH) 98% pure,
Sulfuric acid (H2S04) 98% pure, Sodium acetate (CH3COONa) 98%
pure, Glacial acetic acid (CH3COOH) 100% pure, Sodium chlorite
(NaClO2) 80% pure, Sodium meta-bi-sulphite (Na2S205) 99.9% pure,
5% ethylene diamine, theses all were from BDH in England and sands
were taken from local area, 0.0025% solution of direct yellow (vat dye)
origin China, copper sulphate (CuSO4) and nickel sulphate (NiSO4)
from Indian origin and 10% soap solution from local market.

Methods

Extraction of nano-cellulose (NC) from banana rachis fibers: The
Raw Fiber (RF) (Figure 2) was collected from banana (Ebelmuschus
esculentus L) rachis, when banana rachis got mature then it was retted
into a local canal for 25-30 days, after bacterial decomposition the
RF was taken out from banana rachis. Than it was washed in clean
water for several times and dried in air without exposing sunlight.
Finally, the RF was dried in an electric oven at 105°C and stored in an
air tight container. This fiber was applied for various medicinal uses
[10]. The removal of impurities such as dirty materials, fatty, waxy
and gummy substances from fiber materials is called scouring. It is
carried out by the use of 10% soap solutions/detergents. The ratio of
the RF to solution was 1:50. It was conducting for 2 hours at 40°C.
Then the fiber was thoroughly washed with distilled water for several
times and dried at 80°C-90°C for 24 hours. Then it was treated with
17.5% NaOH solution at 500C temperature for 4 hours with constant
stirring. This is called alkali treatment, the ratio of fiber and solution
was 1:25. Then the Alkali Treated Fiber (ATF) was obtained (Figure 3).
Then the ATF was treated with 0.7% NaClO2 at 90°C for 2 hours with
occasional steering [11] to perform bleaching operation. The obtained
yield was washed several times with DI water to remove any NaClO2
sticking on the spaceman surface. A final pH of 4 was maintained, the
sample were then dried at 100°C for 6 hours. By this way Bleached
Fiber (BF) ware obtained (Figure 4). However, to produce NC, firstly
the BF was cutting into as small as possible size then, NC was prepared
by the double-acid hydrolysis. The hydrolysis was carried out with

H2S04 solution (60 wt. %) at 45°C under magnetic stirrer with hot
plate. The BF to liquor ratio was 1:10. After 30 minutes, when the
colour appeared to brownish the hydrolysis was stopped by adding 6
fold excess ice cool water into the reaction vessel and simultaneously
the magnetic stirring was running for next 30 minutes again. After
completing reaction the resulting mixture was cooled down at 20°C
and centrifuged. The solid fraction was washed out by DI water until
to obtain a neutral pH. Finally, the NC suspension was obtained. The
newly generated suspension was dispersed into “ethanol or absolute
alcohol” into a safe as well as clean glass vessel (Figure 5).

Figure 4: Bleached fiber

Figure 5: Nano cellulosic fiber
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Fabrication of NCCNF: Many types of blending methods
were followed for the preparation of various polymeric blends and
composites such as melting process, molding process, solution
casting process etc. But solution casting process is the most applied
methods for preparing NCCNF composites. To fabricate it first of all
collected white clay (Figure 6) was dissolved separately in 5% diethyl
amine solvents for 48 hours. Then the solution was allowed to keep
for filtration by a suitable filter cloth. After completing filtration the
filtrate part was sent to an electrical oven for drying at 105°C. Before
fabricating NCCNF composite, the modified clay and NC were mixed
with each other into a mixing tank at the ratio of 40:60 in which 40%
of NC and 60% of clay. To produce a homogenous mixture it was
blended well into the matrix of absolute alcohol.

Figure 6: Collected white clay

Preparation of waste water solution: For preparing 0.025%
solution of direct yellow, at first 0.025 gm. of dye was taken and kept
in a glass beaker which contains 1000 ml of DI water. Then 0.025 gm.
of copper sulphate (CuSO,) and 0.025 gm. of nickel sulphate (NiSO,)
(water soluble) were also taken into the same beaker. It was shown in
Figure 07.

Figure 7: Waste water solution

Column preparation: At first a filter column was selected which
contain a 0.5 cm cotton bed at the lower part (Figure 8). Then a sand
layer was placed which was 2.0 cm thick. After that the NCCNF
composite layer (2.50 cm thick) was introduced into the glass filter

column. The total thickness of the NCCNF composite should not
be higher than 5.00 cm which contain 60% modified clay and 40%
NC. Because when the thickness exceeds that limit then it would
take a huge amount of time to pass the water through the filter
layer as well as if the layer was so thin from this desired level then a
serious problem might be occurred i.e, the filter layer would lose the
resistance properties and allowed to pass all the dye as well as heavy

metal molecules through it.
_—
——
i

ﬁ

Droplets of clear
- water

Figure 8: NCCNF nanofilter during waste water purification

Filtration of industrial waste water: To administrate filtration of
the supplied waste water the prepared column need to keep vertical
position. Then 0.025% dye solution containing heavy metal solution
was poured into the standing column which was ready for waste
water treatment and recording the time until the whole water passed
through the filter layer. If there was any air space or any microscopic
gap present in the NCCNF layer then the dye molecules might also be
passed with the water through it. So it was very important to handle
the Nanofilter carefully and protect the perforation or microscopic
gaps of NCCNF filter. Here, for passing the nano-filter layer, 20 ml
waste water solution took the time which was around 10 hours. Finally,
the filtrate water was found with a clear appearance (Figure 8), i.e. no
dye molecules were present or visible, and this was very optimistic
and positive matter of this research. However, the polymeric samples
and water samples were characterized by FTIR, SEM, XRD, TGA, UV-
visible and AAS techniques.

FTIR analysis: FTIR technique is usually applied to investigate
intermolecular and intra-molecular hydrogen bonding of different
polymeric spacemen because it is the most frequent technique to
observe inter-molecular and intra-molecular interaction in polymeric
compounds and composites. Prior to examined by FTIR (Shimadzu
IR Prestige-21 spectrometer), the samples were washed according to
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the particular procedure.
Scanning electron microscope

To characterize the surface morphology of polymeric samples
scanning electron microscopy (SEM) technique is generally
conducted. The specimens were sputter coated with gold to protect
charging. The micrographs were taken at a magnification of 100, 500
and 10,000 x. The surface morphology of RF, ATF, BF, NC and NCCNF
nanofilter composite were examined by scanning electron microscope
(FEI QUANTA 200 3D) with an accelerating voltage 10 KV.

X-raydiffraction

X-ray diffraction (XRD) technique was applied to detect the
crystallinity of the supplied polymeric samples. The structure has
been observed by DFT (density functional calculation) Nikolovet
al [12], Minke and Blackwell [13] on basis of the intensity data.
The crystalline structure of RF, ATF, BF, NC and NCCNF nanofilter
composite were evaluated by a WAXD (BRUKER D8 ADVANCE wide
angle) diffractometer using Cu Ka radiation (0=0.154 nm) voltage of
50 KV and current of 40 mA with 26 ranges from 100 to 800 increase
in steps of 5.020/min.

TGA analysis

To evaluate the thermal stability due to decomposition of
different polymeric compounds Thermo Gravimetric Analysis (TGA)
technique is normally administrated [14-16]. The thermal stability
of RF, ATF, BF, NC and NCCNF composites were investigated by
the Thermal gravimetric analyser (TGA 6300 Seiko Instrument,
Japan). About 25 mg of each specimen were taken for observation.
The samples were heated up steadily at a rate of 20°C/min from 26
to 600°C under continuous flow of nitrogen at 60 ml/min. To get
accurate result, analysis was carried out more than one times for each
sample.

AAS analysis

Atomic Absorption Spectroscopy (AAS) is a spectra analytical
procedure for the quantitative determination of chemical elements
using the absorption of light by free atoms in the excited state [17].
The amount of heavy metal which was present in the supplied waste
water solution before and after purification (filtration) were measured
by atomic absorption spectroscopy (AAS) Varian, spectra AA 220FS
with direct flame method.

UV-vis spectroscopy

Ultraviolet-visible  spectrophotometry  (UV-Vis) refers to
absorption spectroscopy or reflectance spectroscopy in the UV
spectral region which uses the visible and adjacent light. In this
optical range of the electromagnetic spectrum, atoms and molecules
undergo electronic transitions [18]. The percentage of dye waste
which was also present in the supplied waste water solution before
and after purification (filtration) was measured by UV-VIS, V-1200,
UV-1600PC spectrophotometry.

Result and Discussions

FTIR spectroscopy analysis

The structural changes in chemical composition were examined
by FTIR spectroscopy. Figure 9 shows the FTIR spectra of RF, ATF, BF,
NC and NCCNF composites. Noteworthy that there was no obvious
difference in the spectra of first four samples. This result indicates that
there was no chemical changes take place as well as no new substance

was produced during the chemical reaction. ATF, BF, NC as well as
NCCNF composites were shifted slightly (Table 1). The BF spectrum
showed distinctive pecks and bands for carbohydrates (associated
with it), a small peak in the range of 3300-3400 cm™ with board O-
H stretching was observed in NCCNF composite for overlapping with
N-H bond str. [19]. The C-H stretching peaks were shifted in higher
wave number 2950 cm™ to 2880 cm™ after adding hydroxyl group of
BF. On contrast, C=0 stretching in ATF shifted to NCCNF from
region of 1741.72 cm™to 1701.22 cm™ in C [20]. It referred that NC
and modified clay produced intermolecular hydrogen bonding
between O-H, C=0, group to weaken the C=0 in ester group in clay.
Similarly, other bending peak shifted to the higher wave number
for intermolecular bond formation. Moreover, Table 2 showed that
free —OH group,—~OH out of plane bending vibration and O=N=0
bending vibration peaks were appeared at the region of 3695.61-
3620.39 cm,786.92-692.44 cm™, 583-468.70 cm™ respectively h
NCCNF composites only for modified clay because they were totally
absent in all RF, ATF, BF and NC. However, most of the characteristic
absorption peak of the NCCNF composite shifted to lower wave
number with increasing peak fronting. This information could provide
a confirmation that NC and Clay didn't have better compatibility in
composites via intermolecular hydrogen bonding and this supports
previously result.
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Figure 9: FTIR spectra of RF, ATF, BF, NC and NCCNF nanofilter.
X-ray diffraction analysis

The RF, ATF and BF were characterized by XRD to check the
crystallinity, and the X-ray diffractographs were shown in Figure 10.
While, in case each diffractograph exhibited two diffraction peaks at
near 20=22.50 and from 150 to 180, this is why, it showed small stereo
crystallinity. On contrast, X-RD analysis of NC shows a sharp peak
at 20=2°C and small peak at 22.5°C (Figure 10). For this reason, NC
exhibits semi-crystallinity. The crystallinity index (Crl) of RF, ATF,
BF and NC was 52.08%, 61.69%, 59.50% and 69.26% respectively.
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So, it can be concluded that after chemical treatment the degree of
crystallinity of fiber were increased.

Intensity (a.u)

Figure 10: XRD curve of RF, ATF, BF and NC fiber

The degree of crystallinity was calculated according to the Segal
method [21]. Crystallinity index (Crl) was calculated according to the
following equation-

CrI=1—1)/T x 100%

002 am 002
Where, 1, is the highest of the diffraction intensity (the 002

plane), and 1,, is the lowest diffraction intensity (between 101 and
002 peaks).

On the other hand, Figure 11 Represent the X-ray diffractograph
of NCCNF composite. Here, the crystallinity Index (Crl) was 91.17%.
It showed a sharp and broad peak at 26=120 and 190 correspond
to the homo-crystalline structure, the 20=20.4 and 26.5 were
more remarkable peaks showing the crystallinity of the cellulose
reinforcement by clay. From the above analysis, it was clear that,
fiber and NC were semi-crystalline in nature. But, after the addition
of modified clay, the NCCNF composite exhibits highly crystalline
character. This was the fact that addition of modified clay acts
as nucleating agents to accelerate the crystallization of NCCNF
composite [22].
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Figure 11: X-RD analysis of NCCNF nanofilter.

SEM analysis

The SEM micrograph of RF, BF, NC and NCCNF composite were
shows in Figures 12. Here, RF (Figure 12A) clearly demonstrated the
presence of longitudinally oriented unit cells. The intercellular gap was
filled up by the lignin and fatty substances, which hold the unit cells
firmly in a polymeric fiber. In Figure 12B showed the comparative
SEM picture. From this figure the drastic difference in the surface
morphology between RF and BF could be easily identified. Generally,
natural cellulosic fiber was negatively charged due to the presence of
carboxyl and hydroxyl groups as mentioned in the literature [23]. In
case of RF, these groups were covered by lignin, present in the primary
cell wall of the fiber shown in Figure 12B. Unlike the RF the surface
of BF seems to be free from surface debris and overgrowth. This was
undoubtedly due to removal of surface impurities as well as lignin
and hemi-cellulose from it. The NC appeared in Figure 12C, micro
and nanoparticle-like structure, it could be seen that the NC had the
diameter at a range of around 400-800 nm with some micro-cellulose.
Noteworthy that in the micrograph of NC there was a lot of honey
comb structures appeared which is very effective for producing any
types of strong polymeric nano-composites. Because, this structures
of NC fiber help to interlock the filler materials when they combined
with each other. In Figure 12D showed that SEM picture of NCCNF
composites. Comparison of the micrographs of the RF, BF and NC
showed that a considerable quantity of modified clay was oriented
onto NC surface. The intercellular gaps were also decreased due to the
deposition of clay as fillers. As the surface was covered with polymer,
it became more or less uniform and smooths [22-24].

CRC (<) CNC-Cly ogootiles (d)

Figure 12: SEM micrograph for surface morphology analysis of RF,
BF, NC as well as NCCNF nanofilter 10,000x.

TGA analysis

TGA, curves were represented and discussed below: In Figure
13 the TGA showed the initial loss of 12.1% due to the presence of
internal water. Then the loss of weight was initial slower rate and
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ending rapid rate. The onset temperature, and the highest degradation
temperature of RF, ATF, BF, NC were at 270°C, 265°C, 215°C and
388°C, 378°C, 365°C respectively (Table 3). The main decomposition
at this temperature was due to depolymerization, dehydration, and
decomposition of hydroxyl units in polymeric association. The
total degradation of RF, ATF, BF, NC were 68.3%, 69.8%, and 55.2%
respectively. On the other hand, Figure 14 showed that the thermal
status of NCCNF composite. Where at 22.7°C there was no loss but
after sometime at 69.5°C the loss rate was very high i.e about 37.11%.
At the time 9.70 min as well as 118.3°C temperature the decomposition
was almost 89.11%. But after that stage the degradation became
constant such as at 373.24°C and 599.68°C the decomposition were
91.84% and 92.50% respectively (Table 3).

100

leach fibre
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Figure 13: comparative TGA curve of RF, BF and NC fiber
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Figure 14: TGA curve of NCCNF nanofilter composite

UV-visible spectroscopy analysis

Figure 15 showed the Comparative line graph of UV analysis.
Where, Blue colour represented waste water solution before filtration
and Black colour represented the solution after filtration (by NCCNF

nanofilter). From the diagram we could clearly see thatthe A ., was

appeared for the waste water sample at 517 nm which was responsible
for direct yellow (a vat dye) [29]. On the other hand, after filtration
there was no absorption maximum (},,) at this region for the filtrate
water or purified solution. So, it can be concluded that there was no
dye present in the purified solution, all dye molecules were absorbed
by NCCNF nanofilter.

35 "<- WASTE WATER SOLUTION

Figure 15: UV analysis of dye containing in waste waters before and
after filtration.

Atomic absorption spectroscopy analysis (AAS)

Figure 16 Showed the data of AAS analysis for Ni and Cu
were present in waste water before and after filtration. Where, S1:
Represented the supplied waste water sample before filtration and
S2: Represented after filtration. Here from Table 2 we could clearly
understand that the purification of nickel was 78.18%. On the other
hand, the purification of copper from waste water sample was very
remarkable i.e, the presentence of copper purification was Below the
Detection Limit (BDL) i.e 98.74% which was outstanding. So, from
the above analysis we can summarized that the NCCNF is better for
removing of Cu and Ni from the industrial waste water.

Figure 16: AAS analysis for “Ni” and “Cu” containing in waste water
before and after filtration.

Conclusion

In a nut shell, we can draw a conclusion that for the purification
of industrial waste water NCCNF played an important role. This
biodegradable bio-nanofilter was produced due to water purification
purposes. Because we know that today, we face a global water crisis.
This global water challenge will become a greater problem inbetween

the next 30 years, because of the demands on water sources will
continue to dilate for domestic, agriculture, industrial application.
So, waste water purification is one of the most important challenges
for the next generation especially for the industrial sector. This will
require sustainable and economic water treatment technology. As
banana rachis fibers and clays are cheaper, nontoxic, biodegradable,
biocompatible and environmental friendly, these bio nano-composites
may have a great application in industrial waste water treatment
technology. The new class of renewable bio-nanofilter composites
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showed remarkable progress in mechanical and barrier properties
during filtration of industrial effluent compared to others because
about all the dye molecules, 98.74 % of Cu and 78.18% Ni (heavy
metals) were purified in this experiment. Thus NCCNF can capture
the new market in water treatment application.

Acknoledgement

All authors respectfully acknowledge the chairman of Bangladesh
Council of Scientific and Industrial Research (BCSIR) Dhaka and
Centre for Advanced Research in Sciences (CARS) Dhaka University,
Bangladesh for allowing us for conducting their valuable instruments.

Declaration

There are no conflicts of interest regarding this research work.

References

1

10.

11.

M Jorfi, EJ Foster (2015) Recent advances in Nano-cellulose
for biomedical applications. J Appl. Polym. Sci 132 : 41719-
41737.

RJ Moon, A Martini, J Nairn, J Simonsen, J Youngblood
(2011) Cellulose nanomaterials review: Structure: properties
and nanocomposites, Chemical Society Reviews 40 : 3941-
3994

YM Zhou, SY Fu, LM Zheng, HY Zhan (2012) Effect of
Nano-cellulose isolation techniques on the formation of
reinforced PVA composite films, Express Polymer Letters
6(10): 794-804._

S Guggenheim, RT Martin (1995) Definition of clay and clay
mineral: Joint report of the Aipea Nomenclature and CMS
Nomenclature. Clays and Clay Minerals 43(2): 255-256.

University College London Geology on Campus (2016)
,,Clays®, Earth Sciences department, University College
London, Archived from the original on 27 January 2016.

JM Moreno-Maroto, J Alonso-Azcérate (2018) What is clay?
A new definition of ,,Clay" based on plasticity and its impact
on the most widespread soil classification systems. Applied
Clay Science 161: 57-63

SW Bailey (1980) Summary of recommendations of AIPEA
Nomenclature Committee Clays. Clay Miner 28: 73-78.

A Garcia-Sanchez, E Alvarez-Ayuso, F Rodriguez-Martin
(2002) Sorption of As(V) by some oxyhydroxides and clay
minerals. Application to its immobilization in two polluted
mining soils. Clay Minerals 37(1): 187-194.

GJ Churchman, WP Gates, BKG Theng, G Yuan (2006)
Clays and clay minerals for pollution control developments
in clay science 1: 625-675 and Edited by F Bergaya, B KG
Theng, G Lagaly (2006) Chapter 11.1 Clays and Clay
Minerals for Pollution Control, Handbook of Clay Science 1:
1-1224.

P Aline, V Christophe, D Alain (2003) Optimization of
Chitin Extraction from Shrimp Shells. Biomacromolecules 4:
p.12.

Md Mahmudur Rahman, Mohd Maniruzzaman, Md Rashidul
Islam, Md Saifur Rahman (2018) Synthesis of Nano-
Cellulose from Okra Fibre and FTIR as Well as
Morphological Studies on It. American J Polymer Sci Tech.
4(2): 42-52.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

24,

Rafael Auras, Loong-Tak Lim, Susan EM Selke, Hideto
Tsuji (ed.). Poly (Lactic Acid): Synthesis, Structures,
Properties, Processing, and Applications.

Herbert, HL Lignins (1971) Occurrence, Formation,
Structure and Reactions. Wiley-Interscience, New York:
267-297

AW Coats, JP Redfern (1963) Thermogravimetric Analysis:
A Review. Analyst. 88 (1053): 906-924. Bibcode:1963
Ana 88..906C.

X Liu, W Yu (2006) Evaluating the Thermal Stability of
High Performance Fibers by TGA. J Applied Poly Sci 99:
937-944.

CS Marvel (1972) Synthesis of Thermally Stable Polymers.
Ft. Belvoir: Defense Technical Information Center._

D Harvey (2000) Modern Analytical Chemistry, McGraw-
Hill Companies Inc.

HH Jaffe, Albert L, Miller (1966) The fates of electronic
excitation energy. J Chem. Educ. 43 (9):469 _

YR Sharma (1994) Elementary organic spectroscopy,
Principles and Chemical Applications, S Chand and
Company Ltd. New Delhi :92-93.

Manfred Reichenbacher, Jurgen Popp (2012) Challenges in
Molecular Determination, Springer Science and Business
Media:50-65._

Segal L, Creely JJ, Martin Jr AE, Conrad CM (1959) An
empirical method for estimating the degree of crystallinity
of native cellulose using the x-ray diffractometer. Textile
Res J. 29:786-794.

NK Bhardwaj, VG Hoan, KL Nguyen (2007) A
comparative study of the effect of refining on physical and
electrokinetic properties of various cellulosic fibres.
Bioresource Technology 98:1647.

23. J George, SS Bhagawan, S Tomas (1998) Effects
of environment on the properties of low-density
polyethylene composites reinforced with pineapple-leaf
fibre. Composites Science and Technology 58(9):1471-
1485.

S Aboul-Fadl, SH Zeronian, MM Kamal, MS Kim, MS
Ellison (1985) Effect of Mercerization on the Relation
Between Single Fiber Mechanical Properties and Fine
Structure for Different Cotton. Textile Research Journal
:55-461.

J Bioremediat Biodegrad, an open access journal
ISSN: 2155-6199

Volume 12 « Issue 2 485


https://pubs.rsc.org/en/content/articlelanding/2011/cs/c0cs00108b#!divAbstract
https://pubs.rsc.org/en/content/articlelanding/2011/cs/c0cs00108b#!divAbstract
https://pubs.rsc.org/en/content/articlelanding/2011/cs/c0cs00108b#!divAbstract
https://onlinelibrary.wiley.com/doi/full/10.1002/app.41719
https://onlinelibrary.wiley.com/doi/full/10.1002/app.41719
https://pubs.rsc.org/en/content/articlelanding/2011/cs/c0cs00108b#!divAbstract
https://core.ac.uk/download/pdf/27026812.pdf
https://core.ac.uk/download/pdf/27026812.pdf
https://core.ac.uk/download/pdf/27026812.pdf
https://www.researchgate.net/publication/279623865_Definition_of_clay_and_clay_mineral_Joint_report_of_the_AIPEA_nomenclature_and_CMS_nomenclature_committees
https://www.ucl.ac.uk/earth-sciences/
https://onlinelibrary.wiley.com/doi/full/10.1002/app.41719
https://link.springer.com/article/10.1346/CCMN.2006.0540610
https://link.springer.com/article/10.1346/CCMN.2006.0540610
https://link.springer.com/article/10.1346/CCMN.2006.0540610
https://www.cambridge.org/core/journals/clay-minerals/article/abs/sorption-of-asv-by-some-oxyhydroxides-and-clay-minerals-application-to-its-immobilization-in-two-polluted-mining-soils/C29173E26CC7DF6222835E657C014A56
https://www.cambridge.org/core/journals/clay-minerals/article/abs/sorption-of-asv-by-some-oxyhydroxides-and-clay-minerals-application-to-its-immobilization-in-two-polluted-mining-soils/C29173E26CC7DF6222835E657C014A56
https://www.sciencedirect.com/science/article/pii/S1572435205010202
https://www.sciencedirect.com/science/article/pii/S1572435205010202
https://www.sciencedirect.com/science/article/pii/S1572435205010202
https://www.sciencedirect.com/science/article/pii/S1572435205010202
https://www.sciencedirect.com/science/article/pii/S1572435205010202
https://onlinelibrary.wiley.com/doi/full/10.1002/app.41719
https://onlinelibrary.wiley.com/doi/full/10.1002/app.41719
http://www.sciencepublishinggroup.com/journal/paperinfo?journalid=316&paperId=10035318
http://www.sciencepublishinggroup.com/journal/paperinfo?journalid=316&paperId=10035318
http://www.sciencepublishinggroup.com/journal/paperinfo?journalid=316&paperId=10035318
https://onlinelibrary.wiley.com/doi/full/10.1002/app.41719
https://onlinelibrary.wiley.com/doi/full/10.1002/app.41719
https://onlinelibrary.wiley.com/doi/abs/10.1002/pol.1972.110100315
https://ui.adsabs.harvard.edu/abs/1963Ana....88..906C/abstract
https://ui.adsabs.harvard.edu/abs/1963Ana....88..906C/abstract
https://ui.adsabs.harvard.edu/abs/1963Ana....88..906C/abstract
https://pubs.acs.org/doi/abs/10.1021/ed043p469
https://pubs.acs.org/doi/abs/10.1021/ed043p469
https://www.schandpublishing.com/books/higher-education/chemistry/elementary-organic-spectroscopy-multicolor/9788121928847/#.YBOU4egzbIU
https://www.springer.com/gp/book/9783642243899
https://www.scirp.org/(S(351jmbntvnsjt1aadkposzje))/reference/ReferencesPapers.aspx?ReferenceID=1236072
https://www.scirp.org/(S(351jmbntvnsjt1aadkposzje))/reference/ReferencesPapers.aspx?ReferenceID=1236072
https://www.scirp.org/(S(351jmbntvnsjt1aadkposzje))/reference/ReferencesPapers.aspx?ReferenceID=1236072
https://www.scirp.org/(S(351jmbntvnsjt1aadkposzje))/reference/ReferencesPapers.aspx?ReferenceID=1236072
https://pubs.acs.org/doi/10.1021/nl071822y
https://pubs.acs.org/doi/10.1021/nl071822y
https://pubs.acs.org/doi/10.1021/nl071822y
https://pubs.acs.org/doi/10.1021/nl071822y
https://scholar.google.com/citations?user=pyPS2MQAAAAJ&hl=en
https://scholar.google.com/citations?user=pyPS2MQAAAAJ&hl=en
https://scholar.google.com/citations?user=pyPS2MQAAAAJ&hl=en
https://scholar.google.com/citations?user=pyPS2MQAAAAJ&hl=en
https://onlinelibrary.wiley.com/doi/full/10.1002/app.41719

