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ABSTRACT

The use of coconut fiber an agricultural waste was considered as an environmentally friendly and
affordable alternative in the formulation of an environmentally friendly bio-based phosphorus containing
flame retardant to be used on military uniforms in Nigerian defence system to mitigate the impact of fire
hazards for soldiers during high-risk situations. This was achieved by extraction and modification of
lignin from coconut husks using phosphoric acids. Strips of fabrics were treated with 30% aqueous
solutions of virgin lignin (V-Lig) and phosphoric acid modified lignin (PM-Lig). The structures of the
virgin lignin extracted(V-Lig) and the phosphoric acid modified lignin (PM-Lig) were characterized by
Fourier transform infrared spectroscopy (FTIR) and Scanning electron microscopy (SEM). The
characterizations showed that phosphate groups were covalently bonded to the lignin structure indicating
the success of the lignin modifications. Strips of fabrics were treated with 30 % aqueous solutions of the
virgin lignin (V-Lig) and the phosphoric acid modified lignin (PM-Lig). The thermo-gravimetric analysis
in nitrogen atmosphere performed at 950 °C with heating rate of 10 °C/min. For the flame retardant
treated fabrics showed slow rate of weight loss with high char residue and high ultimate degradation
temperatures (57 % weight loss with 42% char for V-Lig and 65 % weight loss with 50 % char for PM-
Lig) against the untreated fabric sample which degraded completely with no char residue (100 % weight
loss with 0 % char) indicating high thermal stability for the treated fabrics. Flammability characteristics
of the treated fabric samples investigated by UL-90 horizontal burning test showed very high flame
resistance (109.0 mms™ burning rate with 94.071 % weight loss for V-Lig and 45 mms™ burning rate with
66.4 % weight loss for the PM-Lig) when compared to the untreated fabric sample (127.2 mms™ burning
rate and 94.662 % weight loss) confirming the PM-Lig to be a good flame retardant for fabrics with an
ease of application.
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1. INTRODUCTION role in water transport within the plant by

D . . reinforcing
Lignin is a complex organic polymer found in

the cell walls of many plants, particularly in

wood and bark. It is one of the most abundant . .
the wvascular tissues, thereby preventing

collapse of the plant under tension. Lignin as
complex organic polymer has gained attention
as a potential flame retardant due to its unique

organic polymers on earth, second to cellulose.
It is composed of various phenolic compounds
with a highly irregular and complex structure,
consisting of cross-linked phenolic monomers
such as coniferyl, sinapyl, p-coumaryl alcohols.
Lignin provides structural, rigidity and strength

properties. It has also been employed as an
alternative to antioxidants and surfactants.
. Lignin exhibits high thermal stability which is
to plant cell walls. It also plays an important .

of great importance for flame retardants. It has
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the ability to form char when exposed to high
temperatures, which acts a barrier that slows
down the transfer of heat and reduces the
release of flammables volatiles. During
combustion, lignin decomposes to form a
stable char layer that insulates underlying
material from heat thereby
inhibiting the combustion process. Lignin can
be used in combination with other substances
or flame retardants to enhance their
effectiveness. Unlike the synthetic flame
retardants, lignin is biodegradable and does not
produce toxic products during combustion.
This environmentally
alternative  for  flame retardants. The
phosphorylation of lignin increases its thermal
behavior and produces effective and
environmentally flame retardants.

phosphorous-containing flame retardants are

and oxygen

makes it a more

widely used as an alternative to halogenated
flame retardants, and can suppress fire in a
polymer in two different ways (Beata et
al.,2020). this different
phosphorylation route was used to modify
lignin. coconut husk, an agricultural waste
with rich lignin content was used for lignin
extraction. A novel flame retardant was

In work, a

formulated and characterized. The bio-based

flame retardant is economically and
environmentally friendly and serves as a better
alternative to halogen-based flame retardants
which are known for their environmental
hazards.

2. MATERIALS AND METHODS
2.1.Reagents

Dried coconut husks, Hydrogen peroxide (50%,
1.200g/cm®), Sodium  Hydroxide (98%,
2.13g/cm?), Copper Oxide (99%, 6.31g/cm?),

Phosphoric acid(H3PO4=85%,1.88g/cm?),

Methanol  (99.9%, 0.792g/cm?), Dimethyl
Sulphoxide (DMS04=99.5%, 1.1gcm?)
Iron (ii) sulphate (Fez (SO4)3-98%, 1.89g/cm?),
Sulphuric acid (H2SO4=98%, 1.83g/cm?), Urea
(CH4N2O= 98.5%, 1.32 g/cm?), Water.

2.2. Sample Collection

Natural biomass resources (coconut husk) was
collected from station market located at
Nigerian railway co-operation Kaduna junction,
Kaduna south local government area of Kaduna
state and transported to the laboratory in an
enclosed container for proper storage

2.3. Extraction of Lignin

Dried coconut husks were washed, dried, cut
into parts of approx. 5 cm, crushed in to
powder using a hammer mill and sieved to
particles sizes of 1.25 cm using a standard test
sieve. An aqueous 2 % by wt of NaOH solution
was prepared. The mixture of dry husk (5 g)
and NaOH (115 cm?®) was allowed to digest in a
digester for 2 hrs at 160 °C to carry out
extraction as reported by Pandharipande et al.,
(2018). The solution obtained was filtered and
the filtrate was acidified to pH 1 using
Concentrated H2SO4. The acidified mixture
was heated to 100 °C and then followed by
dilution with water to a volume ratio of 1:5,
and allowed to precipitate overnight. The
solution was filtered using whatman filter
paper of size 46x57 cm and the solid mass
aggregate was oven dried at 105 °C. The
product obtained was analysed for the presence
of lignin using FTIR (Pandharipande et al.,
2018).

2.4. Chemical modification of lignin using

phosphoric acid

Exactly 2.00 g of lignin and 16.8 cm?
phosphoric acid was mixed and Wpreheated at
80 °C for 15 min in a 200 ¢cm? round bottomed
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flask as reported by Rungrodnimitchai et al.,
(2014). It was then heated on an oil bath at 150
°C for 2 hrs. After cooling to room temperature,
the mixture was washed with tap water to
neutral pH, rinsed with acetone, and dried at 80
°C. The equation of the reaction is presented in
equation 2.1. N
Lignin-OH + H3POg4 m; Lignin-

O-P-(OH)2+ H20.....oeoveeeeeeee . 2.1

2.5. Catalytic oxidation of the phosphoric
acid modified lignin (PM-Lig)
Exactly 0.3 g of PM-lignin in 50 % aqueous
solution of methanol (20 cm?) followed by 0.08
g of CuO, 0.004 g of Fex(S0O4);, 2.4 g of NaOH
and 2 cm? of 30 % H»O, were placed in a 100
cm® of stainless steel autoclave. The catalytic
reaction was carried out at 150 °C for 60 min
with a stirring speed of 400 rpm as reported by
Xinping et al., (2015). The autoclave was
cooled down to room temperature with cooling
water. The depolymerized products
acidified with sulphuric acid (Xinping et al.,
2015).
2.6. Fabric Treatment
Military uniform fabrics of length 100 mm and
30 mm width with 0.4 mm thickness were
prepared and treated with 30 % aqueous
solutions of the virgin lignin(V-Lig) and
phosphoric acid modified lignin (PM-lig) flame
retardant respectively. The samples
immersed in the aqueous solutions for 24 hours
for thorough wetting and dried in the air.

WweEre

WweEre

2.7. Evaluation of the flame retardancy of
the treated military uniform fabrics

The thermal stability and combustibility study

of the treated and untreated cotton fabrics was

characterized in terms of thermo-gravimetric

analysis (TGA) and UL-90 Horizontal burning

test

2.8.
The
performed with a Perkin Elmer Pyros-Thermo-
gravimetric  analyser Fabric
samples of weights 14.309 mg were heated
from 30 °C to 950 °C at a heating rate of 10
°C/min under nitrogen atmosphere and the
thermal stability and decomposition

of the treated and untreated fabric samples
were determined.

2.9. UL-90 Horizontal burning test

The ignitability and flammability of the treated
and untreated fabric samples were determined
using the UL-90 horizontal burning test which
evaluated the flammability of the materials in
ambient temperature. The flammability tests
were carried out on a horizontal burning test
with a burning time of 30 seconds. The ignition
time, extents of burning and weight loss were

Thermo-gravimetric analysis (TGA)

thermo-gravimetric ~ analysis ~ was

instrument.

determined. A visual observation in terms of
drippings as well as the rate of burning was
also calculated using the formula Rb= Lb/Tb
and the results were summarized in Table 3.0
and Figure 5.0.

Note: Rb= rate of burning, Lb= length of
burning and Tb= time of burning.

3. Results and Discussion

Characterization of the V-lig, and PM-lig

Fourier Transform-infrared (FT-IR)
Spectroscopy
The wvirgin lignin extracted was first

characterized by Fourier transform infrared
spectroscopy (FT-IR) followed by the structure
of the phosphoric acid modified lignin to
ensure that the modification was successfully
achieved. The virgin lignin (V-Lig) spectrum
exhibited classical patterns as described in
different literatures such as Prieur et al,, (2017),
Pandharipande et al., (2018) and Dereca et
al.,(2014). An absorption band centered at
3384.4cm™ was observed and attributed to
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hydroxyl groups from both the aliphatic and
aromatic chains of lignin. The C-H vibration
of CH, was detected at 2117.1 cm!. Many
absorption bands were observed below 2000
cm’! and were presented in Figure 1A. very
weak and low-intensity peaks in the fingerprint
region of 900 to 650 cm™!, are responsible for

the poly-substituted phenolic structure of lignin.

The many absorption bands observed in the
range of 2000 to 650 cm! reveal the
complexity of the lignin structure.

The phosphorylation process on the other hand
did not degrade the lignin structure, as a broad
absorption band centered at 3365.8 cm™!' was

observed and attributed to the —OH stretching
vibration  from the aromatic and aliphatic
moieties of lignin. The appearance of a peak at
21059 cm! attributed to stretching
vibrations of the —CH> group from the aliphatic

was

chains. a major change occurred at the large
and intense band centered at 1095.8 cm™! and
attributed to the absorption of the
phosphate P-O-C ester linkages present in the
phosphate groups. Stretching of the P-O bond
was also detected at 1364.2 cm-! in the PM-
Lig spectrum. The phosphates groups observed
in PM-Lig may be bonded to the lignin’s
structure with ester linkages. See Figure 1B.

was
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Figure 1 FT-IR spectrums of the V-Lig (A) and PM-Lig (B)
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It can be seen from Fig 1A and B that peaks
appearing in the range of 1600-1400 cm™!
correspond to the aromatic C-C ring vibrations
in phenyl-propane Both the
unmodified and modified lignin have shown a
broad absorption band in the range of 3384
3365 cm™!, which can be assigned to the -OH
stretching vibration, due to the presence of
either alcohol, hydroxyl or phenolic hydroxyl
groups in the aromatic and aliphatic moieties of
lignin. The modification process may have

structures.

affected the extent of hydrogen bonding in the
PM-Lig hence the —OH absorption peak has
been shifted from 3384.4cm-! in the V-Lig to
3365.8cm-! the PM-Lig spectrum.
Appearance of peaks in the range of 2909-
2842 c¢cm! can be attributed to aliphatic C-H
stretching  vibrations of the-CH;-and-CHj3
groups of the phenyl-propane side chains in
both the unmodified and the modified lignin
(V-Lig and PM-Lig).

Absorption bands below 2000 cm™! (1500-600)
cm! are attributed to the existence of both the
conjugated and unconjugated carbonyl ester or
acetyl groups in the unmodified and the
modified lignin (V-Lig and PM-Lig)
respectively.

in

A

Morphology of the V-Lig and PM-Lig

The morphology and structural characteristics
of the V-lig, and PM-Lig particles were
analyzed by scanning electron microscopy
(SEM) in 500%x537 um magnification. The
SEM images  shown in Figure 2A and B
Compare V-Lig and PM-Lig particles. After
modification of the virgin lignin, physical
properties such as color and particle size were
observed. Lignin appeared to be light camel in
color with a smooth surface. After modification,
it was observed that PM-Lig, became darker
with an increased particle size much bigger
than those of the virgin lignin. The V-Lig
particles are observed to be small spherical
particles which clew together with a smooth
surface. The PM-Lig particles on the other
hand are not clewed together as in the case of
the V-Lig but rather look as a chunk with many
holes all over, exhibiting a porous surface.
These changes in morphology and structures of
the PM-Lig when compared to the V-Lig
showed that indeed modification
successfully carried out.

was
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Figure 2: SEM images of the V-Lig(A) and PM-Lig (B)

Table 2 Degradation and char content of the untreated and treated fabric samples by
Thermo- gravimetric analysis in Nitrogen atmosphere

Sample Onset of degradation Second stage of End set of Char Residue (%)
degradation degradation
Temp(0C)  Weight Temp(0C) Weight Temp Weight
loss loss(%) (°C) loss
(%) (%)
Control 200 -895 96% - - - 0
V-Lig  140-270 15% 270-350 2% 350-717  57% 42%
PM-Lig 180-398 15% 400-715  65% 50%
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Figure 4A: TGA graph of the untreated fabric material (control sample)

-
Figure 4B: TGA graph of the military fabric treated with the aqueous V-Lig solution

Figure 4C: TGA graph of the military fabric treated with aqueous PM-Lig solution
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The TGA curves reveal the weight loss
percentage of the materials with respect to the
temperature of  thermal degradation.
Decomposition  temperature ~ with  the
corresponding weight losses at each stage of
degradation and the amount of residual char
formation were determined and summarized in
Table 2. The thermal degradation of the
untreated fabric material (control sample)
started at 200 °C and degraded completely to
895.5 °C with no char residue formation. See
Table 2 and Figure 4A.

The degradation of the fabric material treated
with the aqueous solution of the virgin lignin
(V-Lig) occurred in three stages as reported in
other literatures. In stage one, the initial weight
loss of 15 % occurred at 140 °C due to the
evaporation of water. The second stage of the
degradation occurred at 270 °C with a weight
loss of 2 % attributed to the degradation of the
components of carbohydrates in the lignin
sample, which are converted to volatile gases
such as CO, CO,, and CHs4. The end set
degradation of the material occurred at 350 °C
and continued to 717 °C with a weight loss of
57 % and char residue formation of 42 %. (see
Table 2 and Figure 4B).

The PM-Lig treated fabric material on the other
hand had its onset of degradation between 180
°C-398 °C with a weight loss of 15 %. The end
set of the degradation began at 400 °C and
continued to 715 °C with a weight loss of 65 %
and char residue of 50 %. This result is very
similar to other works done on the
phosphorylation of lignin and its thermal
decomposition, See Table 2 and Figure 4C.

It can be seen from Table 2 and Figures 4A, B
and C that the of degradation
temperatures for the treated fabric samples
(150 °C and 180 °C for V-lig and PM-lig) were

onset

low when compared to the control sample
(untreated fabric material) which started
degrading at 200°C. This early onset of
temperature degradation may be due to the
evaporation of water and the degradation of the
components of carbohydrates present in lignin
and the decomposition of the phosphoric acid
molecules present in the samples. It can be
observed from the TGA curves that thermal
degradation did not commence until the
materials had absorbed certain amount of heat
energy thereby initiating the degradation
processes and the subsequent break down of
the structures causing molecular chains to be
broken. The amount of char residue formed for
the samples appeared to be higher in the fabric
sample treated with the aqueous solution of
PM-lig flame retardant (50 %), followed by the
V-lig treated fabric material with 42 % char
formation. There was no char formation for the
control sample (untreated fabric material)
which degraded completely to 815 °C. The
reason for the char formation in the V-lig and
PM-lig treated fabric materials is due to the
nature of lignin as a char forming agent while
The phosphates groups which were covalently
bonded to the lignin structure were meant to
promote dehydration and decarboxylation
reactions thereby increasing the amount of
carbonaceous char residue which becomes
more stable at high temperatures. The
stabilization observed in the PM-lig treated
fabric material demonstrates that the presence
of phosphorus increases char formation and
enhances thermal stability of lignin at high
temperatures.

Flammability of the untreated and the
treated fabric samples.

The untreated (control sample) fabric and the

fabric material treated with 30 % aqueous
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lignin  solution (V-Lig) showed high
flammability with intense dripping, igniting the
samples and burning with flame spreads up to
the holding clamps. The burning rate of the
untreated military fabric was observed to be
slightly higher (127.2 mms™! with a weight loss
of 94.662 %) when compared to the fabric
sample treated with the virgin lignin (V-Lig)
aqueous solution (109.0 mms™! and 94.071 %
weight loss), suggesting the flame retardant
action of lignin due to its ability to form char
thereby creating a protective barrier between
volatile gasses released during combustion.
Similar results were obtained by Prieur ef al.,
2016 in their study on modified lignin as flame
retardant for polymeric materials, where lignin
was reported to exhibit interesting flame
retardant properties in the polymers.

The fabric sample treated with phosphoric acid
modified lignin flame retardant (PM-Lig) on

Table 3.0: UL-90HB Flammability test results

the other hand showed a great improvement in
flame resistance over the control sample and
the sample treated with aqueous lignin solution.
The rate of burning for the PM-Lig treated
sample was calculated to be 45mms™! lower
with a great reduction in weight loss of 66.4 %
when compared to the control sample whose
burning rate was 127.2 mms™' higher with a
weight loss of 94.662 %. This was because
phosphorus or the phosphate groups grafted to
the lignin structure accelerated the charring of
lignin and formed a significant amount of char
which acted as a protective layer or barrier and
insulated the cotton fabric from the effect of
heat and flammable gases. The result obtained
was compared with that of Mendis et al,
(2016), where it reported  that
phosphorylation of lignin decreased the
duration of flaming for the modified samples.

was

S/N  Sample Ignition time  Extent of Rate of  Weight  Visual
S) burning (mm) burning loss (%) observation
(mmsl)
1 Control  0.74 92.69 127.2 94.662 Smoky flame
with dripping
2 V-LIG 0.85 84.00 109.0 94.071 Smoky flame
3 PM-LIG 1 84.0 74.524 Less flaming and

dripping
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Figure 5.0: Samples after UL-90HB test.

4. CONCLUSION

A novel bio-based and nontoxic phosphorus
containing flame retardant was successfully
formulated and used to impart flame resistance
on military uniforms. It was formulated from
lignin extracted from coconut husks and
chemically modified using phosphoric acid.
Fabric samples were treated with 30 % aqueous
solutions of virgin lignin (V-Lig) and
phosphoric acid modified lignin (PM-Lig)
flame retardants at room temperature and air
dried for 24 hours. The structure of the lignin
extracted as well as that of the phosphoric acid
modified lignin flame retardants
characterized by FT-IR and SEM . Flame
retardant treated fabrics exhibited similar
thermal stability in nitrogen atmosphere at 950
°C in TGA, showing slower weight loss with
high char yields than the untreated fabric which
was completely consumed. Flammability in
UL-90HB test showed that the fabric sample
treated with PM-Lig flame retardant exhibited
excellent flame resistance than the control

WCErc

sample and the sample treated with virgin
lignin solution which burnt very fast and most
intensively. Thus thermal degradation  and
flammability studies of the samples proved that

PM-Lig is a good flame retardant for military
uniforms with an ease of application.

REFERENCES

Abd El-Wahab, H. (2015). Synthesis and
characterisation of the flame retardant
properties and corrosion
resistance of Schiff’s base compounds
incorporated into organic coating.
Pigment and Resin Technology, 44 (2):
101 — 108.

Altun, Y., Dogan, M. and Bayramli, E. (2016).
The effect of red phosphorus on the fire
properties of intumescent pine wood
flour- LDPE composites Journal of Fire
and Materials, 40(5):697-703.

Atakan, R., Azize, B., Ebru, C., Gulay, O.,
Neda, S. and Sezai, S. (2018).
Development of a flame retardant
chemical for finishing of cotton,
polyester, and CO/PET blends. Journal
of Industrial Textiles, 49(2):141-161.

Beata, P., Krystyna, W., Marta, G,. Tomasz,
K., and Kamil, D. (2020). Flammability
Tests and Investigations of Properties

of Lignin-Containing Polymer
Composites Based on Acrylates.
http://www.mpdi.com/1420-
3049/25/24/5947
https://www.mdpi.com/journal/molecule
S,

374


http://www.mpdi.com/1420-3049/25/24/5947
http://www.mpdi.com/1420-3049/25/24/5947
https://www.mdpi.com/journal/molecules
https://www.mdpi.com/journal/molecules

Carosio, F., Cuttica, F., Medina, L. and
Berglund, L. A. (2016). Clay Nano
paperas multifunctional brick and
mortar fire protection coating-Wood
case study.Journal of Materials &
Design, 93: 357-363.

Chambhare, S.U., Lokhande, G.P. and Jagtap,
R.N. (2016). UV curable behaviour of
phosphorus- and nitrogen-based
reactive diluent for epoxy acrylate
oligomer used for flame-retardant wood

coating.  Journal  of  Coatings
Technology and Research, 13 (4): 703-
714.

Charles, A.W and Alexader, B.M. (2009).
Flame retardants: Functional theory and
industrial applications. Fire retardancy
of polymeric materials (2" ed.). CRC

press.

Cheng, XW. Liang, C.X. and Guan, J.P.
(2018). Flame retardant and
hydrophobic properties of novel sol-gel
derived phyticacid/silica hybrid
organic-inorganic coatings for silk

fabric. Journal of Applied Surface
Science, 427: 69-80.

Crompton, M.F. (2011). Radical quenching and
fire suppression: Flame retardants at the
molecular level. Fire safe ty journal,
46(3), 161-167.

Costes, L., Fouad, L., Sylvain, B. and Philippe,
D. (2017). Bio-based flame retardants:
When nature meets fire protection.
Materials Science and Engineering,
117 (2017): 1-25.

Dereca, W., Nuruddin, M.D., Mahesh, H.,
Alfred. T. N. and Shaik, J. (2014).
Extraction and characterization of
lignin from different biomass resources.
Journal of Materials Research and
Technology, 4(1):26-32

Elvira-Leon, J.C., Chimenos, J.M., Isabal, C.,
Monton, J.,Formosa, J. and Haurie, L.
( 2016). Epsomite as flame retardant
treatment for wood: Preliminary study.

Journal of Construction and Building
Materials, 126: 936-942.

Farley, M.J and Joseph P. Green (2008). Char
forming flame retardants and their
mechanisms. Polymer degradation and
stability, 93(1), 106-112.

Gallo, E., Sanchez-Olivares, G. and Bernhard,

S. (2013). Flame retardancy of starch-

based biocomposites—aluminum

hydroxide-coconut  fiber  synergy.

Polimery-Warsaw, 58(5): 395-402

M. and Xu, Y.X. (2016). Flame

Retardancy of wood treated with GUP

by Cone Calorimetry. Proceedings of

the 2016 3rd International Conference
on Mechatronics and Information

Technology, 49: 496-500.

Giraud, S., Rault, F., Cayla, A. and Salaiin, F.
(2016). History and evolution of fire
retardants for textiles: Fire retardants
and Textiles; Past, present and future.
Paper presented at Université Lille
Nord de France, F-59000 Lille, France
Ecole Nationale Supérieure des Arts et
Industries Textiles
(ENSAIT)/LaboratoireGénie
desMatériaux Textiles (GEMTEX), F-
59100 Roubaix, France. Retrieved from
https://www.re search
gate .net/publication/296585230  on
12th march 2020.

Gosh, S. and Joshi, V. (2016). Development of
eco-friendly flame retardant fabric
using phosphorus based intumescences
chemistry. [International Journal of
Advances in Chemistry (1IJAC) Vol.2,
No. 1. DOI: 10.5121/ijac.2016.2106.

Hull, R.T., Artur, W., and Luke, H. (2011).
Fire retardant action of mineral fillers.
Polymer degradation and Stability, 96
(8): 1462-1469.

Jurs, L. J. (2007). Development and testing of
flame retardant additives and polymers.
(DOT/FAA/AR-07/25). Rice University
6100 Main Street Houston, TX
77005.U.S Department of

Gao,

375



Transportation  Federal Aviation
Administration Air Traffic
Organization  Operations  Planning
Office of Aviation Research and

Development Washington, DC 20591.

Lahtela, V. and Karki, T. (2016). The influence
of melamine impregnation and heat
treatment on the fire performance of
Scots pine. Wood Journal of Fire and
Materials, 40(5): 731-737.

Laurent Ferry, G., Dorez, A., Taguet, B.,
Otazaghine, J.M. and Lopez, C. (2020).
Chemical modification of lignin by
phosphorus molecules to improve the
fire behavior of polybutylene succinate.
Polymer Degradation and Stability,
2015(113) 135-143.

Li, Q.L., Wang, X.L, Wang, D.Y., Xion, W.C.,
Zhong, G.H., Wang, Y.H. (2010).
Novel organo phosphorus flame
retardant:  Synthesis and durable
finishing of poly (ethylene

terephthalate)/cotton blends. Journal of

Applied Polymer Science, 117: 3066—
3074.

Li, Q.L., Wang, X.L. and Wang, D.Y. (2011).
Durable flame retardant finishing of
PET/cotton blends using a novel PVA-
based phosphorus-nitrogen polymer.
Journal of Applied Polymer Science,
122: 342-353.

Lomakin, S.M., Sakharov, A.M., Sakharov,
P.A. and Zaikov, G.E. (2012).
Environmentally friendly flame
retardants based on renewable raw
materials.  International ~ Polymer
Science and Technology, 39(7): 5-11

Luneva, N.K., Onufreichuk, A.V., Ezovitova,
T.I. (2017). Composition of a Wood
Combustion Inhibitor Based on a
Magnesium  Complex  Containing
Phosphorus and Nitrogen. Russian
Journal of Applied Chemistry, 90(9):
1459-1468.

Lukawski, D., Grzeskowiak, W. and Lekewa-
Raus, A. (2020). Flame retardant effect

of lignin/carbon nanotubes/potassium
carbonate composite coatings on cotton
roving Cellulose 27, 7271-7281 (2020).
https://doi.org/10.1007/s10570-020-
03270-y.

Majlingova, A., Kacikova, C., Qiang X. and
Cong., J. (2018). Current trends in
flame-retardant treatment of selected
polymers. Conference paper presented
at Salamandra Hotel,Hodrusa-Hamre,
Slovak Republic, China. Retrieved from
https://www.researchgate.net/publicatio
n/327572135 on 17th Nov. 2019

Majlingova , A., Kacikova, C., Qiang X.,
Cong., J. (2018).Current trends inflame-

retarn treatment of selected
polymers.
https://www.researchgate.net/publicatio
n

Mendis, G.P., Weiss, S.G., Korey, M.,
Boardman, C.R., Dietenberger, M.,
Youngblood, J.P., Howarter, J.A.
(2016). Phosphorylated lignin as a
halogen-free flame retardant additive
for epoxy composites.
http://dx.doi.org/10.1680/jgrma.

Mohamed, A., L and Ahmed, G. (2015).
Flame Retardant of Cellulosic Materials
and Their Composites. In Visakh, P.M.
and Arao, Y (Eds), Flame retardants:

Polymer Blends, Composites and
Nanocomposites. ISBN  978-3-319-
03466-9. DOI 10.1007/978-3-319-
03467-6

Nwosu, A (2020). Fire outbreak claims 65 lives
in Kaduna. Daily Post Nigeria January
8. Retrieved from
http://dailypost.ng/2020/01/08/fire-
outbreaks-claims-65-lives-in-kaduna/on
17th Nov. 2019.

Pandharipande, S.L., Mayank, G., Nidhi, M.
and Shruti, p. (2018). Comparative
study of extraction & characterization
of lignin from wet and dry coconut
husk.  International  journal  of

376


https://www.researchgate.net/publication/327572135%20on%2017th%20Nov.%202019
https://www.researchgate.net/publication/327572135%20on%2017th%20Nov.%202019
https://www.researchgate.net/publication
https://www.researchgate.net/publication
http://dx.doi.org/10.1680/jgrma
http://dailypost.ng/2020/01/08/fire-outbreaks-claims-65-lives-in-kaduna/
http://dailypost.ng/2020/01/08/fire-outbreaks-claims-65-lives-in-kaduna/

engineering sciences & research
technology, 7(4): 2018.

Prinz, k. (2011). Flame retardant and dyeing
treatment of cellulose fabrics using a
combined "grafting from" and PIGP
process (Doctoral Thesis, a dissertation
submitted to ETH ZURICH Research
Collection). Retrieved from
https://doi.org/10.3929/ethz-a-
006682603. on 17th Nov.2019.

Prieur, B. (2016). Modified Lignin as Flame
retardant for Polymeric materials
Universite de Lille 1 Sciences et

Technologies, No. 42129.

Prieur, B., Meub, M., Wittemann, M., Klein,
R., Bellayer, S., Fontainea, G.,and
Bourbigot, S.(2017). Phosphorylation
of  lignin:  characterization  and
investigation of  the thermal
decomposition. Royal  Society  of

Chemistry Advances, 2017, 7, 16866.
DOI:10.1039/c7ra00295e.

Qiu, S., Wang, X., and Yu, B. (2017). Flame-
retardant wrapped poly phosphazene
nanotubes: A novel strategy for
enhancing the flame retardancy and
smoke  toxicity  suppression  of
epoxyresins. Journal of Hazardous
Materials. 325:327-339.

Rui, Z., Xifu, X., Qilong, T., Hua, H. and Yuan,
H. (2012). Modification of Lignin and
Its Application as Char Agent in
Intumescent  Flame-Retardant  Poly
(lactic acid). polymer engineering and
science,52(12): 2012.

Rungrodnimitchai, S. (2014). Rapid
Preparation of Bio sorbents with High
Ion Exchange Capacity from Rice
Straw and Bagasse for Removal of
Heavy Metals. The Scientific World
Journal, vol.14.
http://dx.doi.org/10.1155/2014/634837.

Sangian, H. F. and Widjaja, A (2018). The
Effect of Alkaline Concentration on
Coconut Husk Crystallinity and the
Yield of Sugars Released. Materials

Science and Engineering, 306: 012046.
doi:10.1088/1757-899X/306/1/012046
retrievedfrom 197.210.55.110.

Seo, H. J., Kim, S., Huh, W. and Kim, Y.S.
(2016). Enhancing the flameretardant
performance of wood-based materials
using carbon-based materials. Journal
of Thermal Analysis and Calorimetry,
123(3): 1935-1942.

Skibida, I.P., Andrei, M.S. and Aleksei., M.S.
(1996). Process for the production of
oxyacids from carbohydrates. United
States Patent.Patent Number:
US005484.914A. Retrieved from
https://patents.google.com/patent/US54
84914A/en.

Subhas, G and Vikas, J. (2016). Development
of eco-friendly flame retardant fabric
using phosphorous based
intumescences chemistry. International
Journal of Advances in Chemistry,
2(1).https://10.5121/ijac.2016.2106.

Thach-Mien, D. N., Sechin, C., Brian, C.,
Minori, U., Graves, E., Jade, S.,
Michael, E. and Phillip, W. (2011).
Synthesis and characterization of a
novel phosphorus—nitrogen-containing
flame retardant and its application for
textile.  Polymers  for  Advanced
Technologies 12(23): 1036—-1044.

Wang, F., Liu, J.L.,, and Lv, W.H. (2017).
Thermal  degradation and  fire
performance of wood treated with
PMUF resin and boron compounds.
Fire and Materials, 41(8): 1051-1057.

Watkins, D., Nuruddin, M.D., Hosur,
M ,Tcherbi-Narteh, A., and Jeelani, S.
Extraction and characterization of
lignin from different biomass resources.
(2014). Journal of Materials Research
and Technology 2 015;4(1):26-32.

Wilkie, C.A and Morgan, A.B (2009). Fire
retardancy of polymeric materials (2"
ed.). CRC press.

World Health Organization. (2020). Violence
and injury prevention: Annual report

377


https://doi.org/10.3929/ethz-a-006682603.%20%20on%2017th%20Nov.2019
https://doi.org/10.3929/ethz-a-006682603.%20%20on%2017th%20Nov.2019
http://dx.doi.org/10.1155/2014/634837
https://patents.google.com/patent/US5484914A/en
https://patents.google.com/patent/US5484914A/en
about:blank

2020. oxidation depolymerization of lignin for

https://www.Who.int/violence injury p the production of monophenolic
revention/other_injury/burns/en/. compounds. Fuel Processing
Xinping, O., Tao, R. and Xueqing, Q. (2015). Technology, 144 (2016):181-185.

Effect of solvent on hydrothermal

378


http://www.who.int/violence_injury_prevention/other_injury/burns/en/
http://www.who.int/violence_injury_prevention/other_injury/burns/en/

