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Abstract.The important valuable protein based natural fiber silk contains lot of eminent
characteristics such as textile / garment performances, bio applications, aesthetic comfort
aspects, sheen shine. Due to the sensitive and delicacy aspects of silk, it is often possibly
attacked by different sources, hence it is vital to protect silk from the damages come from
chemicals, lights, and insects. Therefore, this research work gives an attempt to give
resistance on silk by treating it with the simple chemicals like polyacrylicacid (PAD) and
chitosan(CSN) and then coloration with some natural sources and a reactive synthetic
dye. The silk fabrics after these treatments are tested for color values, fastness
properties, physical properties, absorbency characters, anti-odor effects, SEM study and
XRD study. The output of these tests give very useful improvement in the results
applicable in the protection considerations suitable for silk fabric products.
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1.Introduction

The natural filamentous fiber silk is mainly proposed for the important values of surface
softness & shining, durability & drapeability, aesthetics & comforts. Silk is mostly
consumed in India based on the fancy characteristics; and accordingly India is the second
largest producer of the mulberry silk next to China (1,2). In 2017, 1,42,000 tonnes of silk was
produced by China, whereas India produced only 32,000 tonnes. The special properties of
silk give the uniqueness to it. The specific gravity of 1.25-1.3 g/cm3 is present silk filament
with the cross section in triangular shaped. There is no scales on the surface of silk filament
makes it so smooth and lustrous; contains the tenacity of 0.38 N / tex and elongation at break
23.4% under the standard conditions of 65% relative humidity at 20°C (3-5). Moreover, the
most sensitive fiber mulberry silk could be easily damaged by insects, light & chemicals in
the severe conditions, and hence the protection of which is very important that shall be
increased by some soft chemical applications(6,7). An anionic polyelectrolyte
Polyacrylicacid (PAD) is similar to polyvinylalcohol with the considerable degree of
ionization is dependent on the respective pH of the solution. The most high available
polymers in nature, after cellulose, Chitosan (CSN) is a bio-polymer and a chitin acetylated
product developed as the byproduct in the processing industries of sea-food. The important
valuable characteristics of chitin is also predominantly present in chitosan namely, bio-
degradable, highly absorbing capacity, notoxic & bio-compatibilty (8-10). By considering
these aspects, in this research work, the polyacrylicacid (PAD) and chitosaan (CSN) are
selected and applied on the silk fabric, and further dyed with some listed ecofriendly
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colorants and a reactive synthetic dye. The silk fabric samples, after these treatments were
undergone for some required tests like physical property measurement, k/s & fastness
property study, absorption checking, anti-odor effect finding, and morphological analysis.
The output of the results is highly convincing suitable to the silk end use products.

2. Experimental
2.1. Materials

The silk (100%, mulberry, plain fabric) was purchased in Sharvodhaya Sang-Vadavalli,
Coimbatore, TamilNadu, India. The Coimbatore forest department, TamilNadu, India
provided the natural color agents (Table-A). The Commercial shop in Thiruupur, TamilNadu
provided the synthetic dye (reactive)(Table-A). The Scientific company in coimbatore,
TamilNadu provided the Polyacrylicacid (PAD); and the cochin refineries company, kerala,
India provided the commercial chitosan(CSN). All the auxiliaries & chemicals specified
somewhere in this work are used as the analytical level.

Table-A. Silk (mulberry) fabric and natural color agent details

S.No. Silk (mulberry) fabric - details

1.0 Warp : 2/80°count

2.0 Weft : 2/80°count

3.0 Ends / inch:100

4.0 Picks / inch: 60

5.0 Gsm: 95

6.0 Cloth width: 44inch

S.No. Natural color agents — Details

1.0 Crocus sativa (Kum kum) : Yellow

2.0 Berberis vulgaris (Bar berry) : Yellow

3.0 Bixa orellana (Annatto) : Orange

4.0 Allium cepa (Onion) : Red Orange

5.0 Pterocarpus santallinus (Red
sandalwood) : Orange Red

6.0 Citrus paradise (Grape) : Purple

7.0 Rubia cardifolia (Madder) : Red

8.0 C.I. Name:Reactive yellow-135 (Reactive
yellow HE6G) : Yellow




2.2. Method
2.2-1. Silk fabric for degum process

The pretreatment was carried out on silk fabric using HCl-hydrochloric acid (condition; 10
gpl, 60 minutes, room temperature, MLR 1:30) in order to get rid of the natural and added
impurities. Degum process was carried out on this pre-treated silk fabric using Na,CO; —
sodium carbonate (2% owm) & degum detergent (1% owm) (condition : temperature 85°C,
Two hours, MLR 1:30) by the standard method stated as before. (11,12).

2.2.2. Silk fabric for Polyacrylicacid treatment

The polyacrylic acid (PAD) with the strength of 0.5%w/v; 1%w/v; 1.5%w/v; 2%wlv;
2.5%wIv; 3.0%w/v; 3.5%w/v; 4%w/v;, 4.5%w/v, S5%w/v; 5.5%w/v; % 6.0%w/v in alkaline
sodium hydroxide solution (0.25 N) was subjected on silk fabric for thirty min. Then the fabric
samples are padded for squeezing, drying by105°C, thirty min, & cured at the temperature of
140°C, sixty sec. After that the fabric samples were thorough washed, dried and taken for the
further treatments. (13).

2.2.3. Silk fabric for chitosan treatment

By 2% acetic acid solution, the CSN (chitosan) was dissolved [15, 16], filtered and considered
as the standard solution for the required treatments. In a specified bath, the needed
concentration of the solution was taken with MLR1:30. In the specified CSN bath, the silk
fabric samples were immersed. By maintain the pH at 5.0+0.2 with acetic acid. Further the
bath temperature is increased to 95°C, & kept of thirty minutes. Then the fabric samples are
ready for used after the normal washing and drying (14-16).

2.2.4 Silk fabric for dyeing and k/s value measurement

The silk samples applied for dyeing (concentration of 25 gpl, natural dyes & 2% owm,
synthetic dyes) at nearly boiling temperature (two hours, MLR 1:20) by the standard method
as stated earlier (17,18).

2.2.5 Dyed silk fabric for fastness property study

The dyed silk fabric samples were tested for the wash fastness property by IS 764-test 3-1979
method; light fastness property by AATCC test method 16E-2004; crocking fastness property
by AATCC test method 8-2007; and AATCC standardized crock meter was used to find out
the wet & dry rubbing fastness of the dyed silk fabric samples (19-22).

2.2.6. Silk fabric for physical property measurement

For the testing of physical properties of the silk fabrics, the established standard techniques
were used (23,24).



2.2.7 Silk fabric for absorbency test

The absorbency tests were conducted in the treated and dyed silk fabrics as per the standard
techniques (25-29).

2.2.8 Silk fabric for antiodor behavior study

The silk fabrics (treated, dyed and finished - antiodor finishing agent H9000) were subjected
for antiodor behavior study by the standard method as stated earlier (30,31).

2.2.9Silk fabric for SEM study

The silk fabric was subjected for SEM analysis as per the standard procedures (32,33).

2.2.10 Silk fabric for XRD study

The silk fabric sample was subjected for the XRD analysis to get know the unknown
crystalline components present, by the known standard technique (Shimadzu XRD6000)
(34,35)

3.0 Results and Discussion

3.1 Fundamental properties of silk

The fundamental physical properties of the mulberry silk with no treatment, PAD treatment
and CSN treatment are given in Table-1 and the corresponding data after dyeing on the silk
fabric are given in Table 1-a. The silk fabrics with PAD and CSN treatments are given
according to the trials carried out for the confirmation of time and concentration. The
mulberry silk fabrics were treated earlier with PAD and CSN of the concentration originated
by 0.5% w/v to 6.0% w/v with varied time duration from five minutes to sixty minutes by the
step of five. The PAD and CSN treatments were optimized on silk fabric samples to give the
reasonable results by the duration of thirty minutes.



Due to this, the concentration of 0.5% w/v to 6.0% w/v of PAD and CSN was optimized to
apply on the silk fabric with the duration of 30 minutes for all the treatments and the
respective data are shown in the Table-1. It is observed that from the table-1, as the
concentrations of PAD and CSN applications on the silk fabric increases correspondingly the
physical properties also increases. The known factor is that the material under tensile stress in
the great deformation of uniform material stresses; considered to be the tensile strength. There
is a substantial increase in the tensile strength of PAD and CSN treated silk fabrics when
compared to that of the one without these applications.

In the case of warp and weft sides of (PAD & CSN treated) silk fabric, there is an average of
nearly 8% and 10% increase of the tensile strength compared with the untreated one. The
warp strength shows drastic increase over that of the corresponding weft side of the PAD and
CSN treated silk fabric. It is observed that, as the concentration of PAD and CSN increases,
there is a remarkable improvement in the tensile strength in both the warp and weft ways upto
only 4%(w/v), then the increase is very narrow. With regard to that of % elongation among
the PAD, CSN and no treated silk fabrics, there is only marginal difference which is by the
level of around only 3%. Elongation - due to stretching in a textile fiber is considered to be
the increase in deformation or length. In the case of drape coefficient there is only 1.0%
average decrease which reveals that the drape coefficient of the silk fabric is not influenced
after the PAD and CSN treatment, It is understood that the way of a fabric hangs under its
own weight considered to be mentioned as drape. There is no considerable impact in the
thermal resistances of the (PAD and CSN treated) silk fabrics which is almost in the values
around 98 (mz.mk/w) in most of the cases. In connection to the clothing comfort, the facts of
thermal characteristics is believed important because there is direct relationship between
comfort and thermal characteristics.  There is around one fold increase in the bending
modulus values of the PAD and CSN treated silk fabrics compared to that of the untreated one
by the stiffness tests that measures the bending stiffness of a fabric by allowing a narrow strip
of the fabric to bend to a fixed angle under its own weight. The fabric is in general
considered to be stiffer when the bending length is more. Based on the data in the Table-1,
the values in the physical property of the silk fabrics applied with PAD and CSN, there is a
remarkable difference till the concentration is upto 4% (w/v), then afterwards, the change is
not significant. Therefore the treatment on the silk fabric using PAD and CSN is optimized
using the strength of 4% (w/v) for thirty minutes. For further works also, this condition is
selected and utilized.

The mulberry silk fabrics were dyed after the PAD and CSN treatments (4%-w/v, 30-minutes)
using some selected natural dyes and a yellow synthetic reactive dye. Subsequently, the
physical properties were studied in the corresponding manner and the values are given in the
Table 1-a. Similar to the Table 1, there is a similar trend of values available in the Table 1-a
also. By comparing with the values of PAD and CSN treated and dyed silk fabrics, the
difference is remarkable only in the case of the untreated silk fabrics. Insignificant difference
in the physical properties is available when compared between the PAD and CSN treated dyed
silk fabrics,



Tablel. Fundamental properties of PAD and CSN treated silk fabric

Testing Parameters on
Silk Fabric

Concentration of Chemicals ( PAD % w/v)

0.0 0.5 1.0 2.0 3.0 4.0 5.0 6.0
Tensile Strength warp | 55.1 58.15 58.24 59.17 58.56 61.15 61.26 61.39
(Kgf/mm?2) weft | 47.9 5096 |51.05 [5128 [51.94 |53.86 [5392 |53.99
Elongation (%) warp 16.7 16.6 16.6 16.2 15.8 15.0 14.9 14.8
weft 15.8 15.7 15.6 15.3 14.9 14.0 13.9 13.8
Drape Co-efficient 0.68 0.676 0.676 0.675 0.674 0.670 0.670 0.669
Thermal resistance 98.9 98.86 98.81 98.70 98.48 97.86 97.81 97.79
(m’.mk/w)
Stiffness / Bending modulus 0.0014 | 0.0015 | 0.0015 | 0.0016 | 0.0016 | 0.0020 | 0.0022 | 0.0023
value
Testing Parameters on Silk Concentration of Chemicals (CSN % w/v)
Fabric 0.0 0.5 1.0 2.0 3.0 40 5.0 6.0
Tensile Strength warp | 55.1 60.65 60.84 61.57 61.96 63.75 63.87 63.98
(Kgf/mm?2) weft | 47.9 53.08 [5325 [5358 [5424 |56.16 [5625 |5631
Elongation (%) warp | 16.7 16.0 15.6 15.6 15.2 14.4 14.3 14.2
weft 15.8 15.1 15.0 14.7 14.3 13.4 13.3 13.2
Drape Co-efficient 0.68 0.68 0.672 0.670 0.667 0.658 0.657 0.657
Thermal resistance 98.9 98.9 98.79 98.68 98.45 97.82 97.79 97.78
(m?.mk/w)
Stiffness / Bending modulus 0.0014 0.0014 0.0017 0.0017 0.0018 0.0022 0.0023 0.0023
value
Time : 30 minutes
Table 1-a. Fundamental properties of PAD and CSN treated dyed silk fabric
Natural Coloring @) (ii) (iii) (iv) (v) (vi) (vii) (viii)
Sources 2>
Effect on Silk Fabric |
Warp | 58.35 | 58.76 | 58.54 | 58.47 | 58.68 | 58.59 58.62 58.78
Tensile Strength
NO (Kgf/mm2) Weft | 51.09 | 51.37 | 51.15 | 51.14 | 51.18 | 51.15 | 51.17 | 51.39
Elongation (%) Warp 15.9 15.2 15.3 15.1 15.2 154 15.3 15.6




Weft 14.3 14.4 14.2 14.3 14.4 14.2 14.3 14.8
Drape Co-efficient 0.676 | 0.675 | 0.673 | 0.674 | 0.676 | 0.674 0.674 0.676
Thermal 98.11 | 98.20 | 98.15 | 98.18 | 98.16 | 98.21 98.19 98.22
resistance(mz.mk/w)
Stiffness /Bending 0.0014 | 0.0014 | 0.0015 | 0.0015 | 0.0014 | 0.0014 | 0.0014 | 0.0015
modulus value
Warp | 63.25 | 63.32 | 63.48 | 63.29 | 63.37 | 63.42 63.27 63.53
Tensile Strength
(Kgf/mm2) Weft | 55.67 | 55.77 | 55.82 | 55.74 | 55.86 | 55.84 55.79 55.93
Warp 14.0 14.3 14.2 14.3 14.6 14.3 14.2 14.8
Elongation (%) =g oq 133 | 132 | 134 | 136 | 133 | 134 | 139
PAD 13.0
Drape Co-efficient 0.668 0.666 | 0.667 | 0.668 | 0.667 | 0.666 0.667 0.669
Thermal 97.82 | 97.82 | 97.81 | 97.80 | 97.83 97.81 97.84
. 2 97.83
resistance(m”.mk/w)
Stiffness /Bending modulus 0.0021 0.0023 | 0.0022 | 0.0021 | 0.0021 | 0.0022 | 0.0021 | 0.0023
value )
Warp 65.87 | 65.86 | 65.85 | 66.17 | 65.88 65.86 66.47
. 65.85
Tensile Strength
(Kgf/mm2) Weft 5786 5722 | 5798 | 57.37 | 57.44 | 57.97 57.79 58.12
Warp 137 13.9 14.1 13.9 14.0 14.1 13.9 14.2
Elongation (%)
CSN Weft 127 13.0 12.9 13.1 12.9 13.1 13.0 13.2
Drape Co-efficient 0.655 0.654 | 0.654 | 0.656 | 0.655 | 0.654 0.655 0.657
Thermal 97.77 | 97.78 | 97.79 | 97.78 | 97.77 97.78 97.81
. 2 97.78
resistance(m”.mk/w)
Stiffness /Bending 0.0024 0.0024 | 0.0025 | 0.0025 | 0.0024 | 0.0025 | 0.0024 | 0.0027

modulus value

3.2 K/S-color values and the color fastness Property

The k/s-color values and the respective color fastness properties of the mulberry silk fabrics
subjected with PAD and CSN followed by the dyeing with natural colorants and a synthetic




reactive dye are shown in the Table-2. The corresponding results for the no treatment dyed
mulberry silk fabrics were also provided for comparison. It is observed from this table that
there is a considerable improvement in the dyeing effect on the CSN treated dyed silk fabric
on comparison with the PAD treated and no treatment dyed mulberry silk fabrics. It is evident
that the increased may be by the interaction of the functional groups involved between the
dyes and the CSN molecules. The CSN treated and dyed silk fabric shows increased values
compared to the respective PAD treated one. Similarly, this effect is influenced in the
corresponding fastness properties also as visible in the Table-2. The CSN & PAD treated
dyed silk fabrics show the maximum fastness property values with respect to washing, light
and rubbing compared to that of the no treated dyed silk fabrics which show the least one in
all the categories.

Table-2. K/S-color value and color fastness property of the PAD and CSN treateddyed silk
fabric

Natural Coloring Sources 2> i) (ii) (iii) (iv) ) (vi) (vii) (viii)
Effect on Silk Fabric |
K/S values 12.6 | 12.5 129 | 13.2 12.2 11.7 12.8 13.5
Washing fastness 3 2-3 3 3 3 2-3 3-4
NO Light fastness 4 3-4 4 4 3-4 3 4 4-5
. Wet 2 2 2 2 2 2 2
Rubbing
fastness Dry 2 2-3 2-3 3 2 2-3 3 2-3
K/S values 146 | 145 14.6 | 14.9 14.3 14.0 14.6 14.9
Washing fastness 3 3 3 3-4 3 3 3 3-4
PAD Light fastness 4 4 4 4-5 4 3-4 4 4-5
Wet 2-3 2-3 2 2-3 3 2
Rubbing 2-3 2
fastness Dry 3 3 3-4 3 3 3-4 3-4 3
K/S values 147 | 145 14.7 | 14.9 14.5 14.3 14.7 14.9
Washing fastness 3 3 3-4 | 34 3 3 3-4 4
CSN Light fastness 4-5 4 4-5 5 4 4 4 5-6
Wet 2-3 2-3 | 2-3 2-3 3 2-3
Rubbing 2-3 123
fastness Dry 3.4 3.4 3-4 3-4 |34 3-4 3-4 3




3.3 Absorbency effect of the PAD and CSN treated mulberry silk fabric

The absorbency effect of the mulberry silk fabric treated with PAD and CSN followed by
dyeing with natural colorants and a synthetic reactive dye is shown in Table-3. From this
table, it is understood that there is a direct relationship for the absorbency effect in te silk
fabric. It is seen that in the less time the PAD and CSN treated and dyed silk fabrics absorb
the drops in comparison with the silk fabric of no treatment. In the same manner, there is an
increase in the silk fabrics for the respective water retention behavior and the wicking height.
With respect to the respective increase of drop absorbency and water retention; the wicking
behavior is also high on the treated (PAD and CSN) and dyed silk fabrics. The silk fabric
treated with CSN [and dyed (natural sources and reactive dye)] gives increased values for the
effect of drop absorbency, water retention and wicking followed by the PAD treated one and
no treatment and dyed one.

Natural Coloring Sources > 0) (i) (i) | (i) | (iv) | (v) (vi) | (vii) | (viii)
Effect on Silk Fabric |

Drop absorbency (sec) 46 | 44 | 45 | 44 | 43 | 45 | 44 | 44 | 43

NO Water retention (%) 202 | 204 | 205 | 204 | 206 | 205 | 206 | 204 | 207
Wicking (cm) [for 45 minutes] 32 | 35| 36 35 | 37| 3.5 3.6 3.6 3.9
Drop absorbency (sec) 32 30 30 29 29 31 31 30 29

PAD Water retention (%) 224 | 229 | 227 | 228 | 227 | 227 | 227 | 228 | 229
Wicking (cm) [for 45 minutes] 6.1 | 63| 64 64 | 6.6 | 6.5 6.4 6.5 6.8
Drop absorbency (sec) 20 | 27 | 27 | 26 | 25 | 26 | 25 | 26 | 25

CSN Water retention (%) 237 | 240 | 241 | 240 | 242 | 240 | 241 | 241 | 243
Wicking (cm) [for 45 minutes] 70 |73 | 73 | 74 |75 74 | 74 | 75 | T

Table3. Absorbency effect of the PAD and CSN treated mulberry silk fabric




3.4 Permeability effect (water vapor and air) in the silk fabric

The permeability values (water vapor &air)y of mulberry silk fabrics treated with PAD and
CSN and dyeing with natural colorants and a synthetic reactive dye are given in the Table-4.
Table-4 shows that after PAD and CSN applications and colorations with natural colorants
and synthetic reactive dye, there is a linear increase in the permeability values (water vapor &
air) as exposed by the silk fabrics. Also from this table that the water vapor permeability
results are in connection with that of the air permeabilities of the mulberry silk fabric.
Comparatively there is a high value for the mulberry silk fabrics applied with CSN and
colored with the natural colorants and s synthetic dye in relation to the PAD treated and no
treatment silk fabric.

Table-4. Permeability effect (Water vapor and air) in the silk fabric

Natural Coloring Sources > 0) @) (i) (ii1) (iv) ) (vi) (vii) (viii)
Effect on Silk Fabric |
Water Vapor Permeability 1578 1605 1610 1612 1615 1611 1612 1613 1624
NO (g/m2/day)
Air Permeability(/min) 72 76 77 78 80 78 77 79 83
Water Vapor Permeability 1646 1682 1687 1689 1690 1688 1687 1688 1700
(g/m2/day)
PAD
Air Permeability(l/min) S 82 83 85 86 84 83 85 88
Water Vapor Permeability 1665 1707 1710 1712 1715 1712 1710 1711 1724
CSN () 87 87 90 88 88 89 94
Air Permeability(l/min) 78 85

3.5 Effect of antiodor in PAD and CSN treated silk fabric

The effect of the antiodor in the PAD and CSN treated silk fabric followed by dyeing with the
natural colorants and a synthetic reactive dye is given in the Table-5. In order to do the
assessment on the silk fabrics subjected for antiodor study; subjective evaluation technique
was performed by six women of different age categories (25 to 50 years) and grading was
rated between 0 and10. Accordingly, there is a marginal increase values for the CSN treated
and colored fabrics compared to that of PAD treated and colored silk fabrics; meanwhile the
average results of the effect of antiodor shown by the mulberry silk fabrics ranked by the
judges are higher than eight. There is a ranking between the values of 7 & 8 for the silk fabric
with no treatment and colored. In accordance with this context, it is revealed that the effect of
antiodor in the mulberry silk fabric subjected with PAD & CSN and colored with natural
colorants and synthetic dye is high in a significant manner.




Table5.Effect of antiodor in the PAD and CSN treated silk fabric

Natural Coloring >i) (ii) (iii) (iv) ) (vi) (vii) (viii)

Sources 2>

Effect on Silk Fabric |
A 7 8 8 9 7 7 8 9
B 8 8 8 8 8 7 8 9
C 7 7 8 9 7 8 7 9

NO D 8 7 7 8 7 7 8 8
E 8 7 7 8 8 7 8 9
F 7 7 8 9 8 8 8 9
A 8 8 8 9 8 8 8 9
B 8 8 9 9 8 8 8 8
C 3 7 8 8 7 7 7 9

PAD
D 8 8 8 9 8 8 8 9
E 8 7 7 9 8 7 7 9
F 8 8 8 9 8 8 8 9
A 3 8 8 9 8 8 9 9
B 3 8 9 9 8 9 8 9
C 9 8 8 9 9 8 8 9

CSN
D 8 8 8 9 8 8 8 9
E 3 8 8 9 9 8 8 9
F 8 8 8 9 8 8 8 9




A - Height - 162 cm; Weight - 57 Kg, Age - 25 years ; B > Height - 170 cm ; Weight -
65 Kg, Age 230 years ; C > Height - 167 cm; Weight - 70 Kg, Age -> 35 years ; D 2>
Height - 66 cm; Weight -74 Kg, Age = 40 years ; E & Height -166 cm ;Weight-2 Kg,
Age—>45 years ; F>Height -165 cm; Weight-78 Kg, Age 50 years

0 - Repulsive ; 1- Very Poor; 2 - Poor ;3 - Poorly Fair ; 4 - Fair; - Acceptable ; 6 -
Fairly Good ; 7 - Good ; 8-VeryGood ; 9-Excellent ; 10-Ideal

3.6 Influence of antiodor retention and release rate in the PAD and CSNtreated silk
fabric

For the measurement of the strength of the antiodor agent, the extraction method is adopted in
the finished mulberry silk sample by ethyl alcohol and used in the uv-visible
spectrophotometer. With the help of the de-ionized water, the content of extract was diluted
ten times; and taken for the measurement of absorbency at the wavelength of 206nm. After
the required days, the effects related to antiodor (antiodor retention effect and antiodor release
rate) exhibited by the mulberry silk fabrics treated with PAD and CSN and colored with
natural colorants and synthetic reactive dye are presented in the Table-6. From this table, it is
observed that there is a very good effect of antiodor retention rate in the PAD and CSN treated
and colored silk fabrics specifically in the CSN treated silk fabrics in relation with that of the
PAD and no treatment mulberry silk fabrics. In general, there is an average value difference of
eight percent and sixteen percent with regard to the effect of antiodor release rate between the
treated silk fabrics when compared for the original one and those after the four days and eight
days time period in the respective silk fabric samples.

Table-6. Influence of antiodor retention and release rate in the PAD and CSNtreated
silk fabric

Natural Coloring Sources i) (ii) (iii) (iv) v) (vi) (vii) | (viii)
9
Effect on Silk Fabric |
A | 312 | 310 | 312 [ 314 | 311 | 310 | 312 | 316
Anti-odor
Retention B | 288 | 285 | 287 [ 291 | 285 | 284 | 288 | 294
No | Effect (mg/g) 7717557 17255 | 257 | 262 | 256 | 254 | 258 | 266
Anti-odor X | 77 | 81 80 | 7.3 | 84 84 | 717 7.0
Release Rate Y | 176 ] 177 | 176 | 166 | 17.7 | 181 | 173 | 158
Effect (%)
PA | Anti-odor A | 328 | 327 [ 328 [ 330 | 327 | 326 | 328 | 332




D | Retention B | 303 | 302 | 303 | 306 | 304 | 303 | 304 | 308
Effect
eetimele) [ o7a | 275 | 278 | 276 | 274 | 276 | 250
Release Rate
Effect (%) Y | 165 | 160 | 162 | 158 | 156 | 160 | 159 | 157
A | 346 | 345 | 346 | 350 | 346 | 345 | 346 | 353
Anti-odor
Retention B | 323 | 323 | 322 | 326 | 323 | 322 | 324 | 328
Cs | Effect (mg/g) = 717 07 597 | 298 | 302 | 298 | 297 | 299 | 305
N
Release Rate
Effect (%) Y | 130 | 139 | 139 | 137 | 139 | 139 | 136 | 136

Retention of anti odor agent : Immediately>A ; After 4 Days>B After 8 Days>C
Release rate of anti odoragent :  After 4 Days> X ; After 8 Days—>

3.7 Study from the SEM images of the PAD and CSNtreated silk fabric

The SEM images of silk fabrics applied with PAD and CSN (1-a, 1-b) treatments followed by
dyeing with natural dye, red sandal wood (RSW) (lc, 1d) respectively are given in the Figure-
1. In accordance to the effect of the PAD and CSN treatments on the silk fabrics, it is
observed in the figure-1, that there is a clear difference as evidenced in these pictures. The
SEM images exposed in the figures 1-a & 1-b reveal about the impact of the effect of PAD
and CSN treatment in the respective silk fabrics; meanwhile figures 1-c & 1-d gives the clear
indication about the SEM images of PAD and CSN treatment and RSW dyeing in the
mulberry silk fabrics. From these SEM images, It is clear that there is a improved revelation in
the appearance of the silk fabric treated with PAD & CSN (Figures 1-a & 1-b) and after
coloration with RSW (Figures 1-c & 1-d). Based on these considerations, it is clearly
revealed that the effect of the application of the PAD & CSN is significantly good in the
mulberry silk fabrics; based on the capacity of the analysis performance of the locations in
identified point in the samples by the implement of SEM - the image capacity of the
microscope clarifies the specimen of the area interest. In that, for generating the number of
signals at the surface of solid specimens; say textile samples, a clear beam of effective-energy
electrons is used by the SEM instrument, for the reveal ofthe information based on the
electron sample interactions with regard to the signals from the samples that include the
surface morphology, materials orientation and also the crystalline structural aspects (36,37).



1-a. PAD treated silk fabric

EHT = 2.00kV Signal A= SE2 Date :2 Apr 2015
WD = 10.5 mm Mag= 6.40KX Time 117:00:24

1-b. CSN treated silk fabric

EHT = 2.00 kv Date :2 Apr 2015
WD =105 mm Time 16:59:03

1-c. PAD treated & RSW dyed silk fabric



EHT = 2.00 kV Signal A = SE2 Date :2 Apr 2015
WD =10.5 mm Mag= 4.40KX Time 16:58:31

1-d. CSN treated & RSW dyed silk fabric

Fig.1. SEM images of the silk fabric

3.8 Study from the XRD-graph of the PAD and CSNtreated silk fabric

The XRD graphs of silk fabrics applied with PAD and CSN (2-a, 2-b) treatments followed by
dyeing with natural dye - RSW (2c, 2d) respectively are given in the Figure-2. These figures
reveal about the effect of respective PAD and CSN treatments on the silk fabrics. When the
silk fabrics are subjected with PAD and CSN (2-a, 2-b) followed by dyeing with RSW (2-c
and 2-d); the bandwidth of the XRD graph is in a increased trend which gives the information
about the effect of treatment of PAD and CSN on the mulberry silk fabric sample. Normally
X-ray diffraction study is done in a common textile materials for the effective characterization
in the identification of crystal orientations and inter-atomic spacing. The characteristically
generated x-ray diffraction pattern gives a unique fingerprint of the respective crystals present
in the sample are quite common in the typical XRD analysis. The generated fingerprint favors
the identification of the respective crystalline arrangement when compared with those of the
standard reference patterns and measurements. (38,39).
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2-b. CSN treated silk fabric
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2-c. PAD treated & RSW dyed silk fabric
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Fig. 2 XRD graphs of the silk fabric

4. Conclusions

The following conclusions are arrived from this research work; the required textile physical
properties of the PAD treated and CSN treated silk fabrics are in the considerable higher track
needed for the product protection. The collective color value-k/s and related properties for
fastness behavior needed for the PAD and CSN treated dyed silk fabrics are good in a
significant manner. The important textile comfort/aesthetic behaviors based on absorbency
(drop-absorbency, water-retention, wicking, permeability(water and air)) characteristics
present in the PAD and CSN treated and dyed silk fabrics are in the neat track required for the
end product comforts. The PAD and CSN treated and dyed (natural &synthetic) silk fabric
show a remarkable anti-odor effect. Additionally, these silk fabrics show improved anti-odor
retention behavior and the respective anti-odor release rate applicable to the garment and
likewise textile products in the quality way. Finally, these effects are well confirmed by the
SEM images and the XRD graphs.
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