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Abstract

This experiment aimed to graft PP nonwoven fabric with a silane coupling agent, then
process it with chitosan or AgNO3, next to analyse and test it with related instruments, such
as FT-IR, NMR, SEM, EDS, TGA etc., and finally study the influence of the modification of
the silane coupling agent on the properties of the processed fabric. The results indicated
that the silane-coupling agent could be effectively grafted onto the surface of the PP non-
woven fabric. On the other hand, the thermal stability of the PP non-woven fabric changed
due to the processing of the silane-coupling agent and chitosan or AgNO3. In addition, the
PP nonwoven fabric attained good antibacterial and water imbibitious properties through
post-processing the nonwoven fabric with polyacrylic acid sodium (PAANa) and chitosan

or AgNOj.
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I Introduction

At present, among the artificial fibres
used in nonwoven fabrics, polypropylene
fibre accounts for 63%, polyester fibre
23%, viscose rayon 8%, acrylic fibre 2%,
polyamide fibre 1.5%, etc. Therefore,
we can see that the nonwoven fabrics of
medical materials have great develop-
ment potential.

PP nonwoven fabric is a thermoplastic
material with excellent comprehensive
performance; moreover, it is small in
density, easy to produce and has low pro-
duction costs. However, it also has some
defects, such as a low melting point, low
thermal deformation temperature, poor
creep-resistant performance, poor di-
mensional stability, low temperature brit-
tleness, etc.

On the other hand, PP nonwoven fabric
itself is resistant to erosion by mildew,
but it cannot directly kill it. Furthermore,
its side-chain polymers have flexible
molecule chains and are non-polar, with
the latter attribute making it difficult to
blend with other polymers, and the weak
molecule combination making its heat
resistance poor. Thus, in order to expand
the functions of PP nonwoven fabrics, it
is necessary to modify and process it.

Textiles have a variety of antibacte-
rial processing methods [1 - 11]. For in-
stance, the ‘Moiskin’ of Nisshinbo and
the ‘Ytopolei’ of Fujibo were produced
through spinning after adding chitosan
powder to polymers. DC-5700, made
by Dow Corning (USA), is an organic
silicone resin quaternary ammonium salt
with good antibacterial properties. Sand-
aulan SSN in Japan used biguanidine
agents to produce antibacterial textiles,

while Toyobo processed the extracts of
aloe into textiles with antibacterial, anti-
inflammation and anti-allergy properties,
which was called ‘Alobvlgari’ [12].

The processing of the above products
are similar in that they are all filled with
polymer, and so-called diversification
cannot be realised from a small amount.
Although some people have utilised the
chitosan immersion method to carry
out the process [13], the object used
was natural fibres with function groups,
which were not able to have subsequent
reactions similar to PP fibres; therefore,
modification was indispensable in order
to allow PP fibres to take part in chemical
reactions.

In the past, there were several techniques
of the surface modification polypropyl-
ene fibre: 1) Chemical Oxidation: the
surface of the fibre was oxidised with
oxidizing reagents or gases to change
the crudeness degree and content of the
surface polar group. 2) Plasma Treat-
ment: the advantage of this method was
that the reaction was easy to control on
the surface of the fibre, which caused
little damage to the fibre and obviously
changed the effect of the polymer with
the inactive polar-end on the surface.
The chemical reactions that emerged
here included the fracture and ablation of
molecule chains, surface cross-linking,
the introduction of polar groups, etc.;
although this method did not cause pol-
lution, it incurred huge cost [14 - 15].
3) Surface Grafting: because PP fibres
have no reaction activity groups, its sur-
face must be radiated or treated using
chemical methods in grafting to produce
grafting points. According to different
induction modes, grafting treatment can
also be divided into plasma grafting,
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radiation grafting, chemical grafting,
[16 - 17] etc. 4) Coupling Agent Treat-
ment: the advantage of this method is
that it will not damage the mechanical
performance of the fibre, and it offers a
good interface modification effect. Si-
lane grafting also has unique advantages
- it causes the fabrics to have functions
of grafting and modification, as well as
to possibly produce further hydrolysis,
which can then form cross-linking struc-
tures, as shown in Figure 1, allowing the
fabrics to have excellent physical prop-
erties. This technique can be applied for
the modification of fibres without specif-
ic function groups or for the forming of
common plastic. The cost of the equip-
ment required is low, and the perform-
ance of the product is excellent.

However, the use of a silane-coupling
agent to modify glass fibres and inorgan-
ic fillers, etc. was developed at that time,
but more experimentation and studies
on the modification process of PP fibres
were still required.

This study planned to perform grafting
modifications of PP nonwoven fabrics
with a silane-coupling agent, such as
VTES (vinyl triethoxysilane), and then
conduct further processing with differ-
ent anti-bacterial materials, in which
the 3 ethoxy of VTES reacted with the
anti-bacterial materials, while at the same
time a cross linking reticular structure
would be formed in the fibre molecules.
Thus, the heat resistance of nonwoven
fabrics could be improved.

B Experiment

Materials

The Benzyl Peroxide (99%, BPO), Tet-
rahydrofuran (THF), Acetic Acid and
2-Propanol used were all drug-test grade,
purchased from Wako Pure Chemical In-
dustries, Ltd.; the Triethoxyvinylsilane
(97%, VTES) and Dibutyltin dilaurate
were also drug-test grade, purchased
from Acros Organics (USA); the Sil-
ver Nitrate was high-grade drug-test,
purchased from Wako Pure Chemical
Industries, Ltd. (Japan); the Tri(nonyl
phenyl) phosphate was industrial grade,
purchased from Go Yen Chemical In-
dustries Co., Ltd. (Taiwan); Chitosan
(D.C = 85%, Mv = 240,500, Taiwan Ka-
ohsiung Applied Chemistry Co. Ltd.) and
Poly (acrylic acid sodium salt) (PAANa,
Mw = 8,000, 45% solution in water), pur-
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Figure 1. FT-IR of PP nonwoven fabrics (4 - Py, B - P;, C- Py;, D - Py).

chased from Aldrich Chemical Industries
was also used.

Methods

Modification of PP nonwoven fabrics
Firstly, 10 cm2 of PP nonwoven fabric
was cleaned with acetone until the weight
remained constant, then 0.25 g of benzyl
peroxide (BPO), VTES (1.5 g or 3.0 g),
0.1 g of the catalyst, and 0.1 g of antioxi-
dant were prepared, then. THF was also
added until the total weight amounted to
100 g. Next PP nonwoven fabrics were
put into a reaction flask and subsequently
infused with nitrogen gas. Afterwards
they were placed in a temperature of
70 °C to react for 2 hours, then the PP
grafted fabrics were immersed in THF
for 30 minutes, and finally the fabrics
were dried and re-immersed using the
same method. This process was repeated
three times.

Antibacterial processing of the modified
PP nonwoven fabrics

Table 1. Definitions of the various symbols
of the PP nonwoven fabrics.

Symbols Definitions
Po Greige PP nonwoven fabrics

P4 or P, | Pg modified with 1.5 g or 3 g VTES
P14 P4 processed with Chitosan
P12 P processed with AQNO3

P4 processed with Chitosan
and PAANa

P P processed with AQNO3
22 | and PAANa

CHT

P21

Chitosan

We used two types of the antibacterial
processing of the modified PP nonwo-
ven fabrics: one was to dissolve 2 g of
chitosan in 500 ml of Acetic acid solu-
tion with a concentration of 2%, then the
modified-PP fabrics were immersed in
the above solution for 10 minutes at room
temperature. The other was to add 100 ml
of 0.01% AgNOs3 in 25 ml IPA, then the
modified-PP fabrics were immersed
in the above solution for 10 minutes at
room temperature. All the fabrics above
were treated by the 2 dip 2 nip process
at a pick-up of about 90%, below 80 °C,
then pre-dried for 5 minutes, and finally
cured for 3 minutes below 100 °C. Then
the properties of the treated fabric were
tested. In the two processing methods
above, proper amounts (0.5 g - 3 g) of
PAANa polymeric material needed to be
added.

Analysis and measurement

The ATR-FTIR spectra of the fabrics
were recorded with a Bio-Rad Digilab
FTS-200 spectrometer using an MCT
detector. A diamond crystal was used
as the internal reflective element. Sin-
gle beam spectra were the result of 64
scans at a spectral resolution of 4 cm-1.
The surface morphologies of the fabrics
were observed with a JEOL Model JSM
6400 scanning electron microscopic.
A gold coating was deposited on the sam-
ples to avoid charging the surface. The
distribution of all atoms of the fabrics
were analysed using JEOL JSM 6700F
(Tokyo, Japan) energy-dispersive spec-
troscopy. The thermal resistance of the
samples was measured by a DuPont 2200
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weight-loss analyser. 5 - 10 mg sam-
ples were placed in alumina crucibles
and tested using a thermal ramp within
a temperature range of 30 - 600 °C, at a
heating rate of 20 °C/min and nitrogen
flow speed of 20 cc/min, after which
their initial decomposition temperature
(IDT) was obtained. The chemical shifts
of the 29Si of the fabrics were measured
with a solid-state nuclear magnetic reso-
nance (NMR) spectrometer. The samples
were analysed using a Bruker Advance
400 13C-NMR spectrometer at 50 MHz,
and the spectra were observed under
cross-polarisation, magic angle sample
spinning and power decoupling condi-
tions with a 900 pulse and 4 s cycle time.
The anti-bacterial properties of the same
sample were tested according to method
JIS1902-1998 of the Japanese Asso-
ciation for the Functional Evaluation of
Textiles (JAFET). The water imbibitions
of the processed fabrics were tested as
follows [18]: the processed fabrics were
put into a beaker with distilled water for
15 minutes, then the fabrics were taken
out to be dehydrated with a centrifugal
separator (4000 r.p.m.) for 10 minutes,
and finally the fabrics were weighed. The
water imbibitions were solved according
to the following formula [19 - 20]:

Water imbibitions =
=(Wyi-Wg)/Wq x 100%

W, - the weight of the processed fabric
after dehydration, W - the weight of the
processed fabric after conditioning.

Investigations on leaching behaviour
were performed at 40 °C using a Rapid
H-type dyeing machine. As a washing so-
lution, a 1% aqueous solution of sodium
lauryl sulfate SDS of pH 7 was used.
After leaching for 20 minutes, the tex-
tile samples were rinsed intensively with
water, dried at room temperature, and
the physical properties were investigated
again after 20 washes.

@ Results and discussion

ATR-FTIR

Figure 1 depicts an FT-IR analysis map
showing the processing conditions of the
PP nonwoven fabrics in different phases.
In Figure 1.4, there are absorption peaks
of -CH, -CH,, -CHz at 2925 cm-! and
-CH,, -CHj3 at 1458 cm-! at 1377 cm-!,
while in Figure 1.B, besides the absorp-
tion peaks above, there was the obvious
absorption peak of Si-O-Si at 1072 cm-1.
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Figure 2. EDS of PP nonwoven fabrics, devinitions according to Table 1.
Table 1. EDS of PP nonwoven fabrics, devinitions according to Table 1.
) Element content, %
Fabrics
c N Si Ag
P4 95.76 0 4.24 0
Py 78.51 17.42 4.07 0
P12 26.36 0 69.06 4.58

Thus, it was verified that the VTES
silane-coupling agent was successfully
grafted onto the PP nonwoven fabrics.

In Figure 1.C, we can see that there was
an absorption peak of amide at 3279 cm-1,
whereas those of the -CONH-group
in Chitosan were at 1662 cm-! and
1585 c¢cm-1l. From these two absorption

peaks, we judged that chitosan existed in
the PP nonwoven fabrics.

Anabsorption peak was found at 907 cm-1,
the reason for which was that a portion of
the chitin was not deacetylated [21 - 23].
Additionally, in Figure 1.D an absorption
peak of >C=0 was found at 1715 cm-1,
which was the special absorption peak
of PAANa [24]. Hence, it was proven
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Figure 5. TGA of PP nonwoven fabrics; devinitions according to Table 1.
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that PAANa was able to combine with
the Chitosan through ionic bonding, and
then be fixed to the fabrics. However, we
could not completely verify the existence
of Chitosan using FTIR analysis, hence
we employed the EDS test for further
confirmation.

EDS

Figure 2 and Table 2 display EDS analy-
sis charts showing the processing condi-
tions of PP nonwoven fabrics in different
phases. From these charts, we can see that
sample P; definitely exhibited Si, indicat-
ing that the VTES silane-coupling agent
had been grafted onto the PP nonwoven
fabric. Sample Py; showed N, indicating
that PP nonwoven fabrics were actually
coated on the surface of fibres after be-
ing processed with chitosan. Sample Py,
showed Ag, indicating that there was
Ag coating on the surface of fibres after
processing with AgNO3.

NMR

Figure 3, the 29Si-NMR chart shows the
modification conditions of the PP nonwo-
ven fabrics with VTES. Figure 3.B shows
absorption peaks of -39 ppm ~ -41.9
ppm (T1), -53 ppm ~ -56.8 ppm (T2),
and -70.6 ppm (T3) after the PP nonwo-
ven fabric was modified with the VTES
silane-coupling agent. These were the
absorption peaks of Si-OH after hydro-
lysation and VTES modification [25 -26].

Figure 3.4 shows the PP nonwoven fab-
rics without modification. From the map,
we were unable to find the above absorp-
tion peaks. From the tests and analysis
of FTIR and NMR, we know that the
PP nonwoven fabrics and VTES silane-
coupling agent had actually combined.
VTES proved simple to hydrolyze and
condense to form SiO, reticular struc-
tures of T3 and T,, which did well for
the heat resistance of the PP nonwoven
fabrics.

SEM

Figure 4 depicts an SEM chart show-
ing the processing conditions of the PP
nonwoven fabrics in different phases.
In Figure 4.4 the surface of the fibre
was smooth, whereas in Figure 4.B,
the surface of the fibre was obviously
rough and had the phenomenon of coat-
ing, which verified again that the VTES
silane-coupling agent was successfully
grafted onto the PP nonwoven fabric, as
mentioned in the FTIR analysis. By re-
spectively comparing Figures 4.C and
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4.D with Figure 3.B, we know that there
were relatively few coats on the surface
shown in Figure 4.C; however, we were
able to judge whether chitosan existed
through EDS.

Besides roughness, the PP nonwoven
fabrics had the phenomenon of cracking
on the surface after being processed with
AgNOj3, which may have been caused by
the oxidation of AgNO3.

TGA

Figure 5 and Table 3 show the TGA
analysis charts of various PP nonwoven
fabrics. From Table 3, we can see that
the initial decomposition temperature of
the PP nonwoven fabrics (P, P;), which
were modified with VTES, were slight-
ly higher than that of the PP nonwoven
fabrics (Pg), and the decomposition tem-
perature of the fabrics modified with
high-concentrations of VTES were ob-
viously high; the main reason being that
the PP nonwoven fabrics had a great deal
of VTES silane-coupling agent on the
surface, which made the decomposition
temperature rise slightly. In addition, if
the modified PP nonwoven fabrics were
then processed with chitosan (as in Pyy),
the decomposition temperature would
apparently decline, which was due to the
decomposition temperature of chitosan
being low. Meanwhile, the maximum
decomposition rates followed this order:
P,>P>Py>Pyo>P; > CHT, the reason
for which was the same as above. Con-
trarily, the residual amounts followed
the order of CHT > P, > P> P > Py >
P1,. From the above, we learned the fol-
lowing: 1) a great deal of chitosan was
left when it was heated to 500 °C, but its
maximum decomposition temperature
and decomposition rates were the worst.
This may be attributed to the inorganic
substances remaining from the manu-
facturing process of chitosan, which
left high residual amounts; but chitosan
containing 40% moisture could not be
dried, hence the phenomenon of weight
loss would appear before 100 °C [27].
2) Modification with VTES led to an in-
crease in the stability of the heat resist-
ance of the PP nonwoven fabrics.

Water imbibitions and antibacterial
properties

From Table 4, we know that the water
imbibitions of the PP original fabric was
approximately 19%, despite the fact that,
logically speaking, PP nonwoven fabrics
are unable to absorb water. However, the
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Table 3. Thermal properties of PP nonwoven fabrics, 1) at 500 °C.

Thermal properties

Fabrics Decompositiom

temperature, °C
Po 420.19
P4 422.65
P, 424.56
P11 313.70
P2 329.51
CHT 294.84

Decomposition rate, %/°C

Char yield1), %

-0.757 3.212
-0.708 8.822
-0.637 14.248
-0.921 5.601
-0.916 1.465
-1.038 32.949

Table 4. Water imbibitions of PP nonwoven fabrics; devinitions according to Table 1.

Fabrics PAANa, g
Po 0
P 0
0.5
P21
0.5
P22 1
2

Moisture imbibitions, %
10.4
731
116.7
164.9
198.5
64.2
97.1
121.7
144.3

Table 5. Wash fastness of the water imbibition and antibacterial properties of PP nonwoven
fabrics, 1 Water imbibitions, 2 bacteriostatic value, 3 bactericidal value.

Before washing

Fabrics ML % A2
Po 10.4 0
P21 164.9 45
P2 121.7 4.5

structure of the nonwoven fabric was, to
some extent, loose, which permitted the
infiltration of water molecules.

The PP nonwoven fabrics modified with
VTES saw an apparent increase in their
water absorption abilities, due to the
-Si(OH); values of the VTES retaining
some -OH groups in its periphery after
condensation, which combined with the
hydrogen bonds of water molecules and
helped improve the water absorption of
the nonwoven fabrics. The PP nonwoven
fabrics modified with VTES and added
chitosan (P;;), as well as the PP non-
woven fabrics modified with VTES and
added AgNOj3 (P,) showed better water
absorption effects than the PP nonwoven
fabrics without modification (Pg). Their
ratios of water content were 73.1% and
65.4%, respectively, which was due to
the Chitosan and AgNOj3 having good
moisture retention abilities, leading to
an improvement in water absorption.
However, AgNO3 was poor in infiltra-
tion [28], therefore, Pj, was slightly
lower in water imbibitions than Pyj. If
(Chitosan+PAANa) or (AgNO3+PAANa)
were used in the post-processing, the in-

B3
<0
3.0
2.4

After washing 20 times

M.L., % A B
18.3 0 <0
107.5 3.1 1.7
81.3 3.0 15

troduction of PAANa would increase the
water absorption of the nonwoven fab-
rics by 3 to 10 times, which was due to
the strong water absorption properties of
PAANa. When the hydrophilic groups
reacted with water, the polymer chain
groups —COONa decomposed into
COO- and Na™.

The carboxyl on the polymer chain was
not able to diffuse in water, causing nega-
tive charges on the polymer chain. The
electrostatic repulsion forces made the
polymer chain expand, further improving
the water imbibitions [29]. Therefore, we
confirmed that the PP nonwoven fabrics,
which were poor in water absorption,
were greatly improved with the addition
of PAANa. The nonwoven fabrics proc-
essed with chitosan and PAANa are better
at water absorption because the chitosan
contains —OH and -NH; groups, which
can form hydrogen bonds with water.

From Table 5, we can see that the anti-
microbial properties of the untreated fab-
rics were much worse than those of the
fabrics treated with VTES and chitossan
or AgNO;. The difference is presum-
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ably because the amine group in the chi-
tosan molecule is apt to form positively
charged quaternary ammonium ions in
an acidic medium that would, in turn,
reduce the bacterial metabolism through
the adsorption and stacking of chitosan
polymer chains on the bacterial cell wall
and through blocking DNA transcription
by chitosan. This process would thereby
enhance the antimicrobial property of
the treated fabric. The other fabrics have
the same antimicrobial properties, which
were treated with AgNOs5.

Washing fastness

Table 5 shows the changes in water im-
bibition, bacteriostatic value and bacteri-
cidal value of the fabrics after 20 wash-
es. It shows that greige fabric does not
change greatly in the aspect of retaining
water imbibitions as well as antibacterial
properties after washing, whereas treated
fabrics P21 and P22 see an obvious re-
duction in water imbibitions and anti-
bacterial properties; the former by about
34.8% and the latter - 33.2%, both show-
ing a similar range of reduction. The rea-
son may be that the PAANa was washed.
Although the anti-bacterial value signifi-
cantly decreased, it was still effective.

@ Conclusion

This experiment utilised VTES to mod-
ify PP nonwoven fabrics, then the fab-
rics were post-processed using PAANa
and chitosan, or AgNOj3, and finally
followed by an exploration of the influ-
ences of VTES and PAANa concentra-
tions on related properties of the fabrics
processed. From this experiment, we
drew the following conclusions: 1) the
VTES silane-coupling agent could be ef-
fectively grafted onto the surface of the
PP nonwoven fabrics. 2) The PP nonwo-
ven fabrics without modification were
very smooth in appearance, whereas the
modified and processed PP nonwoven
fabrics had the disadvantages of the coat-
ing and cracking of surface fibres. 3) PP
nonwoven fabrics can be improved with
respect to the stability of their heat re-
sistance by being modified with VTES.
4) If the modified PP nonwoven fabrics
were post-processed with PAANa and
the addition of Chitosan or AgNO3, the
processed fabrics would apparently be
improved in their antiseptic properties
and water absorption.

FIBRES & TEXTILES in Eastern Europe 2011, Vol. 19, No. 3 (86)

References

1.

10.

11.

12.

13.

14.

15.

16.

Huang J. J., Development and Application
of Inorganic Antibacterial Agents, Material
Review, Vol. 13 No. 2 (1999) pp.35-37.
Wang Y. D., Chao J. C., Wang C. J., Liu
Q. J., Wu S. H., Study on Ag-type inor-
ganic antibacterial functional materials
based on calcium phosphate, Material
Review, Vol. 10 No. 4 (2000) pp. 69-70.
Hsiao Y. N., Tzeng H. M., Progress on
functional fibres for antibacterial and
deodorizing, Materials Science & Engi-
neering, Vol.19 No.1 (2001) pp.13-18.
Khaled F. El-tahlawy, A. El-bendary, Adel
G. Elhendawy, Samuel M. Hudson, The
antimicrobial activity of cotton fabrics
treated with different crosslinking agents
and chitosan, Carbohydrate Polymers,
Vol.60 (2005) pp. 421-430.

Yang R. L., Ma G.Y., Song J., Study on
the antibacterial polyester chip and fibres,
China synthetic fibre industry, Vol. 23 No.
2 (2000) pp. 20-23.

Chung Y. S., Lee K. K., Kim J. W., Durable
Press and Antimicrobial Finishing of Cot-
ton Fabrics with a Citric Acid and chitosan
Treatment, Textile Research Journal, Vol.
68 (1998) pp. 772-775.

KimY. H., Nan C. W., Choi J. W., Jang J.,
Durable antimicrobial treatment of cotton
fabrics using N-(2-hydroxy)propyl-3-t-
rimethylammonium chitosan chloride and
polycarboxylic acids, Journal of Applied
Polymer Science, Vol. 88 (2003) pp.
1567-1572.

Kim'Y. H., Choi H. M., Yoon J. H., Synthe-
sis of a Quaternary Ammonium Derivative
of Chitosan and Its Application to a Cotton
Antimicrobial Finish, Textile Research
Journal, Vol. 68 (1998) pp. 428-434.

Ma H. G., Cui H., Study on the properties
of nanocomposite antibacterial polypro-
pylene fibre, China synthetic fibre indu-
stry, Vol. 25 No. 1 (2002) pp. 4-7.

Lin D., Yi Y., Anti-bacterial fibre, resin and
its manufacturing method, R.O.C. patent,
No.187166 (1992.7.11)

Chu Y. J., Ma C. Y., Study on the Antibac-
terial fibre, Textile Science Research, Vol.
4 (2001) pp. 9-15.

SunY. I, Chou S. M., Peng S. S., Hu S.
F., Chih C. Y., Study on photografting of
acrylic acid onto pp film by uv radiation,
Modern plastics processing and applica-
tions, Vol. 2 (2006) pp. 9-11.

Wang J. J., Chitin fibre and chitin cure
to use the manufacturing method of
the fibre, R.O.C. patent, No.207558
(1993.6.11)

Chang R. F, Li H. L., Hu G., Study on
Surface Structure of Polypropylene Fi-
bres(PPF)Exposed to Plasma by XPS,
Journal of Functional Polymers, Vol. 1
(1994) pp. 13-16.

Feng C. G., HuH. F,, Tzeng Q. S., Chou
S. J., Optimum conditions of grafting
copolymerization of polypropylene fibre
with acrylic acid, Journal of chemical
industry and engineering(china), Vol. 3
(2005) pp. 555-559.

Hsiao W. W., Yao J. H., Huang X. J.,
Structure and Properties of Polypropy-
lene Fibres Grafted with Acrylic Acid,

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

Journal of Functional Materials, Vol. 25
No. 4 (1994) pp. 317-321..

Chang Y. M., Wang H. P., Chang Y.,
Prospect of Fibre Reinforced Concrete
Modern Textile Technology, Vol. 1 (2000)
pp. 38-39.

Richards G. N., Graft polymerization
on cellulose derivatives by the transfer
reaction, Journal of App. Poly. Sci., Vol.
5(1961) pp. 529-537.

Lopergolo L. C., Catalani L. H., Machado
L.D.B., RelaP.R., Lugao A. B., Develop-
ment of reinforced hydrogels -I. Radiation
induced graft copolymerization of methyl-
methacrylate on nonwoven polypropylene
fabric, Radiation Physics and Chemistry,
Vol. 57 (2000) pp. 451-454.

Hou M. H., Liu W. Q., Li Y., Chen J. H.,
Studies of Waterborne Polyurethane
Doubly Modified with Montmorillonite
and Organosilicon, Journal of Functional
Polymers, Vol. 18 No. 1 (2005) pp. 89-93.
Chang Y. T, Liao J. D., Klauser R., Wu
I. D., Wang C. C., Assessment and cha-
racterization of degradation effect for the
varied degrees of ultra-violet radiation
onto the collagen-bonded polypropylene
nonwoven fabric surfaces, Biomaterials,
Vol. 23 (2002) pp. 65-76.

SarmadtA. M., Ying T. H., Denens F. H.,
Plasma modification of polypropylene,
Pergamon, Vol. 31 No. 9 (1995) pp.
847-857.

ChangB., Li Y. F.,, Pan S. B., Jia X., Wang
X. L., Intercalation of acrylic acid and
sodium acrylate into caolinite and their
in situ polymerization, Journal of Physics
and Chemistry of Solids, Vol. 68 (2007)
pp. 135-142.

Aslanzadeh S., Haghighat K. M., Pho-
todegradation of polypropylene ther-
malbonded nonwoven fabric, Polymer
Degradation and Stability, Vol. 90 (2005)
pp. 461-470.

Chong A. S., Chao X. S., Angeline T. K.,
Qiao S. Z., Functionalization of large-pore
mesoporous silicas with organosilanes
by direct synthesis, Microporous and
Mesoporous Materials,Vol. 72 (2004)
pp. 33-42.

Sachin Jain, Han Goossens, Francesco
Picchioni, Pieter Magusin, Brahim Mezatri,
Martin van Duin, Synthetic aspects and
characterization of polypropylene—silica
nanocomposites prepared via solid-
state modification and sol-gel reactions,
Polymer, Vol. 46 (2005) pp. 6666—6681.
Choi C. Y., Kim S. B., Pak P. K., Yoo
DI, Chung Y. S., Efect of N-acylation
on structure and properties of chitosan
Whbers, Carbohydrate Polymers, Vol. 68
(2007) pp. 122—-127.

Lu H. C., Study on property of bamboo
culms, World bamboo and culms, Vol. No.
4 (2003) pp. 5-9.

Chen H. P, Chu G. Y., Hung C. M.,
Weng C. H., Properties of anti-electrolyte
acrylic-based superabsorbent, Chinese
Journal of Applied Chemistry, Vol. 20 No.
9 (2003) pp. 875-878.

Received 19.10.2009 Reviewed 21.06.2010

87



