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ABSTRACT KEYWORDS
Different percentages of cotton and wool micro particles (average size Polyvinyl alcohol (PVA);
20-80 m) were added to two different molecular weight of polyvinyl alco- Composite;
hol (22000& 145000 Da) during preparation of film (30 m) by casting Cotton powder;
technique. Morphological surface study of a prepared composite film was Wool powder;
established by Scanning Electron microscopy (SEM). Many characteriza- DSCand TGA.

tions were investigated, thermally dynamics properties investigated by
Differential Scanning Calorimetry (DSC), Thermal Gravimetric Analysis
(TGA) and Mechanical properties. All the result support that the prepared
composites film have a good distribution of the particles through the film
and improve the thermal and mechanical properties of the PVA film. The
ability of these composites to absorb water (moisture content) and form-
aldehyde from the environmental surrounding were examined and evalu-

ated.

INTRODUCTION

During the last decade, there has been a grow-
ing interest in the use of biodegradable polymersin
order to reduce the environmental pollution caused
by plastic wastes. Therefore, thereisan urgent need
to devel op renewabl e resource-based, environmen-
tally benign materials, which will reduce the prob-
lem of plastic wastes and will be a solution to the
uncertainty of the petroleum supply!.

Polyvinyl alcohol (PVA) is the largest volume,
synthetic, water-solubleresin produced in theworld.
PVA is very useful as precursor of the broad class
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of materiald¥. From thelate sixtiesthere hasbeen a
growing interest in hydrophilic polymer networks
for applications as biomedica polymers?. Themain
areas of applications of PVA materialsinclude drug
delivery systems, wound dressings, injectabl e poly-
mers, implants, stimuli-responsive systemsand slow
release of drug preparationd*4.

Polyvinyl acohol (PVA) blends have long been
used with other natural polymers because of PVA’s
ability toformfilms. The performance properties of
PVA areinfluenced by the molecular weight and the
degree of hydrolysis. PVA hasaplanar zigzag struc-
ture like polyethylene. All PVA grades are readily
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soluble in water, depending on factors like molecu-
lar weight, particle size and particle crystallinity®.
As a hydrophilic polymer, PVA exhibits excellent
water retention properties®. Optimum solubility
occurs at 87% to 89% hydrolysis. For total dissolu-
tion, however, PVA requires water temperatures of
around 100°C with a hold time of 30 minutes.

Recent work has shown that swollen PVA net-
works can serve as useful model membranesto elu-
cidate variousfundamenta phenomenaof masstrans-
port(¢-19,

Polymer micro-composites, also presently
known as ‘micro-structured materials’, are materi-
als in which micro particles, typically 10-100 pm
in at least one dimension, are dispersed in an or-
ganic polymer matrix in order to dramatically im-
prove the performance properties of the polymerf*t,

The large amount of yearly wasted cotton and
wool found on the market is always atarget for re-
cyclingindustry. The possibility of using micro-size
particlesof cotton inthe polymer matrix for improv-
ing the moisture management were investigated.
Polyvinyl acohol used as matrix and its solutions
are considered non-toxic.

This work is an application of our earlier
work,*that is, we have reported the preparation and
characterization of ultra-fine micro cotton and wool
powder by freeze milling technique. The purpose of
thisstudy isto improvethe ability of the PVA mem-
brane to absorb moisture and formal dehyde by add-
ing micro powder of recycled cotton or wool, which
have ability for adsorption. Several characteriza-
tions of applied PVA membrane are covered by
Scanning Electron Microscopy (SEM), Differential
Scanning Calorimetry (DSC), Therma Gravimetric
Analysis (TGA) and Mechanical properties.

EXPERIMENTAL

Untreated cotton and wool fibres (from waste),
the fibres length was 4-6 mm. Two molecular
weights (22000 and 145000 Dalton)of polyvinyl al-
cohol (PVA) werepurchasedfrom Fluka Company-
Germany, degree of polymerization was 2000 and
98% hydrolysed.

Preparation the pva cotton/wool film composites
Preparation of cotton and wool ultrafine powder

The fibres was milled under liquid nitrogen by
freeze milling technique® using Freezer/Mill 6800
machine, immersing and milling the samples com-
pletely inliquid nitrogen for certaintime (T ), mill-
ing for another time (T,) and these cycle was re-
peated for severa times completely under liquid ni-
trogen. The condition details for prepare samples
powder described in list of tables

Preparation of 10 % and 15% PVA solution by
conventional method

PVA solutions (M.wt. 22000 and 145000 Da) in
water at concentrations of 10 % and 15 % were pre-
pared. Heat onelitre of tap water to 88-90°C or just
under the boiling point of water. It isrecommended
that tap water be used when making the polyvinyl
alcohol solution because bacteria will grow much
faster in a polyvinyl alcohol solution that contains
distilled water*3. Once the water is heated, lightly
sprinkle the polyvinyl acohol into the water while
stirring continuously (a magnetic stirrer/hot plate
workswell to heat and stir the solution). It’s impor-
tant that the polyvinyl alcohol be added lightly and
slowly since each grain of polyvinyl acohol must
beindividually “wetted” for it to go into solution,>
“ then it was stirred and heated at 100C for 60 min.
The beaker covered with a rubber plug, and peri-
odically stirred. Theresulting solution |eft overnight
to alow the bubbles to disappear.

Materials Prepar ation of PVA cotton/wool film composites
TABLE 1 : Freezing— millingcondition for cotton and wool fibres
. T. T, . . : Total Shaking Time
Fibre CydeAccount (min)  (min) Total Freezing Time(min) (min)
Cotton 11 c 10 110 55
Wool 7 5 35 35

T,: Shaking Time(min.) T,: Cooling Time(min.)
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TABLE 2 : Composition and abbreviation of PVA composites film with cotton or wool powders

Polyvinyl Alcohol

Po‘gder PVA 22000 (PVA_I) PVA 145000 (PVA I1)

’ 10% 15% 10% 15 %
PVA 0 PVA_I_10 PVA_I_15 PVA_II_10 PVA_II_15

3 CVC 110 CVC 140 cvVC 70 CVC40
Cotton 5 oV C 120 CVC 150 CvC 80 CVC50

10 CVC 130 CVC 160 CVC 90 CVC 60

3 WVC 110 WVC 140 WV C 70 WVC 40
Wool 5 WVC 120 WVC 150 WV C 80 WVC 50

10 WVC 130 WVC 160 WV C 90 WVC 60

Cotton or wool micro-particles were added to
PVA solution (3, 5 and 10 % wt/wt) and then heated
with stirring in a water bath at about 50C for 15
min, and then the solution was poured onto a glass
plate mould with 0.35 pm, and left for 2 or 3 days.
The PVA film carefully peeled off from the glass
plate. The prepared film composition with abbre-
viation wasillustrate in TABLE 2.

Char acterization of thecompositefilms
Scanning electron microscopy (SEM)

Surface morphology for composite films
wasstudied by Scanning Electron Microscopy (SEM)
analyser using HITASHI S-3000 microscope S, at
15-kV acceleration voltage, after gold coating to
enhancethe quality of the pictures.

DSCand TGA

In order to evaluation thethermal dynamic prop-
erties for composites film, Differential Scanning
Calorimeter (DSC) and Thermal Gravimetrical
Analysis (TGA) was performed on a NETZSCH
DSC 204 under nitrogen flow (20 ml.min™) and
NETZSCHTG 209, respectively.

For DSC andlysis, PVA compositefilmswith cot-
ton and wool fibres (5-10 mg weighed to 0.1 mg pre-
cision) heated from—20 to 150C with heating rate of
10C min™ and kept at high temperaturefor 2 minutes
to erase any thermal history. Subsequently, it cooled
till OC using rate of 10°C min’!,after 2 minutes at the
low temperature, asecond heating run at asame heat-
ing rate of 10°C min™ performed. The melting tem-
perature Tm and enthapy DH evauated from the
maximaofthefusi onpeaks of second heating™®.

Thermo GravimetricAnayss(TGA), performed
on the NETZSCH TG 209C used samples of ap-
proximately 15 mg heated with 10C/minfrom room
temperature to 600C, under dry nitrogen gas flow
rate of 40 mL/min (to prevent oxidation process).

Tensilestrength

The mechanical testing of these compositesfilms
wasdoneusing atensiletesting machine (Rheometric
Scientific Minimat 2000) witha20 N load cell at a
crosshead speed of 0.1 mm/min at 22C and 55% of
relative humidity. Three stripesfrom different places
in each film were taken (0.9 5 cm), and then length,
wide and thickness were measured after clampedin
themachine using digital calliper. Dueto thelength
limitation of Rheometric Scientific Minimat 2000
instrumental, the measurements of el ongation at break
were performed on aZwick 1425 tensile tester with
a20N load cell ,the measurement condition remained
the same. Three measurements were performed for
each sample and the observed data were shown for
the average.

Wettability measurements

Wettability time measured for the composites
filmsby AATCC Test Method 39-1993, bymeasuring
the needed time for one drop to compl ete absorbed
through the film without any additional force's 7,

Compositefilmsapplication
M oistureabsor bance

Moisture absorbance for composites film oc-
curred using NETZSCHTG 209 thermal gravimetri-
cal analyser. The films sample kept in certain hu-
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TABLE 3 : DSC data for PVA and its composites film with cotton or wool powders

Peak 1 Peak 2
PVA Sample AH (/) T, (°C) AH (J/g) T, (°C)

PVA_I_10 1457 97.1 7742 226.1

cvC 110 1348 87.4 70.70 2253

Ve 120 1206 85.4 4086 2245

PVA_I 10 oVC 130 1272 80.3 4464 2237
WVC 110 1455 9.5 7511 225 4

WVC 120 1432 86.3 7092 2251

WVC 130 1406 74.2 64.85 2245

PVA_I_15 1442 1069 7599 226.6

CVC 140 1440 1042 7596 2245

oV 150 1434 1041 7401 2243

PVA_I 15 CVC 160 1403 1038 7459 2041
WVC 140 1429 1066 7539 2236

WVC 150 1352 1063 7432 2235

WVC 160 1306 1061 68561 2233

PVA_I1_10 1572 88.2 7423 226.3

cVC 70 1578 88.6 7536 2253

cvc 8o 1509 89.9 76.39 219.6

PVA_I1_10 CVC 90 1657 91.9 7818 2217
WV C 70 1588 89.6 7634 2256

WV C 80 1653 91.2 7823 2047

WV C 90 1717 92.2 8208 2223

PVA_II_15 1554 97.2 68.06 228.1

CVC 40 1668 97.6 7187 2285

CVC 50 1701 99.3 7580 229.9

PVA_II_15 CVC 60 1763 1012 7765 230.1
WV C 40 1718 1079 7031 230.1

WV C 50 1746 1096 7530 2302

WV C 60 1795 1113 7942 2333

T, = Mdlting Temperature, “H = Enthalpy

midity atmosphere 60 % for 5 days, then the sample
placed into a platinum crucible (5-10 mg weighed
to 0.1 mg precision) and closed using high pressure
to keep the humidity, and then the pane holed and
measured the amount of loss water percent using
NETZSCHTG 209 thermal gravimetrical analyser.
In addition, this method repeated 5 times with dif-
ferent samples from different position in the com-
positesfilm.

Formaldehydeabsor bance

The formaldehyde absorbance of PVA and its
composites are measured by weight gain technique.

In this technique, aknown weight (W ) of each dry
membrane were kept in aclosed glass bottle and all
the bottles were kept in a vacuumed closed cham-
ber. The chamber was first connected with vacuum
pump for one day. Then the chamber was saturated
with aformal dehyde by adding formal dehyde sol u-
tion in an open dish for two days. After that, one
bottle were open and the sample were hang up for
one day till completely saturated and then it’s take
off and kept in the bottle again. The saturation
processwas repeated before each experiment for the
sample. After that, all the samples were weighted
again (W,). Thepercent amount of the absorbed form-
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aldehyde (%) were calculated by equation:

On the other hand, the formal dehyde concentra-
tion before and after absorption process of these
composites films are determined using Z-300XP
formal dehyde meter in order to compare both meth-
ods.

RESULT AND DISCUSSION

Different percentages of cotton and wool micro
particles (average size 20-80 m) were added to two
different molecular weight of polyvinyl acohol
(22000 & 145000 Da) during preparation of film
(30 m) by casting technique. The films of PVA and
its composites with cotton and woolpowders are
characterized via SEM, DSC, TGA and wettability
test. Mechanical properties of produced filmswere
measured beside formal dehyde absorption of com-

—=> RegUlOr Peper
positefilms.

Char acterization of compositefilms

Scanning electron microscopy (SEM)

The SEM micrographs of both PVA polymer
gradesPVA_I and PVA_1l and their compositesfilm
with different concentration of cotton and wool are
presented in Figure 1. Scanning Electron Micros-
copy investigates the surface morphological struc-
ture of compositesfilmof PVA_I_10and PVA_11_10
with different concentration of cotton powders(3, 5
and 10 %), on the other hand, the composites films
of PVA_1_15 and PVA_Il_15 are represented with
different concentration of wool powders (3, 5 and
10 %). From micrographs, some film characteris-
tics can be observed, surface morphology of pure
film of PVA grades under different concentration (10
& 15 %) appears smooth and flatted, and On the

Figure 1 : SEM micrographs of PVA_I and PVA_Il and thier composite films with cotton and wool nano-particles

at different concentrations

A) PVA_| 10 B) PVA_|_10/Cotton 3% C) PVA_|_10/Cotton 5% D) PVA_I_10/Cotton 10%
E) PVA_I_15F) PVA_|_15/ Wool 3% G) PVA_|_15/Wool 5% H) PVA_|_15/Wool 10%

1) PVA_I1_10 J) PVA_II_10/Cotton 3% K) PVA_I1_10/Cotton 5% L) PVA_ll_10/Cotton 10%
M) PVA_II_15 N) PVA_I1_15/Wool 3% O) PVA_I1_15/Wool 5% P) PVA_I1_15/Wool 10%
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TABLE 4 : TGA data for PVA and its composites film with cotton and wool powders

Peak 1 Peak 2 Peak 3 .
PVA Sample Taore 0 TapTe 0 Taore 0 MaSS[yeSIduaJ
0 Massloss (%) 0 Mass|oss (%) ) Massloss (%) (%)
PVA I 10 739 4.80 269.6 77.05 4119 11.93 6.22
CvC110 713 541 259.8 76.06 4120 16.31 2.22
CvC120 631 5.29 2615 79.68 415.1 14.69 0.34
PVA I 10 CVC130 67.9 481 260.8 79.41 4145 12.82 2.96
WVvVC110 729 565 268.2 76.79 4187 14.73 2.83
WVC120 81.8 6.59 303.9 72.40 4452 17.87 3.14
WVC130 66.8 6.53 252.7 78.00 4145 15.40 0.07
PVA I 15 753 4.23 264.6 75.15 4212 12.12 8.41
CvC140 734 495 265.6 72.66 4228 14.66 7.73
CvC150 5840 543 258.26 80.66 4259 11.85 2.06
PVA 1 15 CVC160 7587 5.08 292.79 70.86 439.1 15.16 8.90
WVC 140 64.80 359 269.43 85.77 402.13 10.56 0.08
WVC150 73.7 451 271 77.08 410 14.56 3.85
WVC160 4792 467 266.40 81.38 408.98 12.05 1.09
PVA Il 10 65.2 524 346.7 67.25 419.0 26.12 1.39
CvC 70 72.5 543 346.9 65.81 437.1 28.13 0.63
CcvCao 74.1 5.26 3525 63.71 4399 30.57 0.46
PVA 11_10 CVvC90 67.7 501 316.3 69.12 431.3 22.11 3.76
WVC 70 66.3 5.79 338.9 63.70 4365 26.88 3.63
WVC 80 66.5 5.62 205.1 63.94 346.0 29.30 1.14
WVC 90 68.6 521 339.1 64.00 4319 27.81 2.98
PVA I1_15 80.6 4.62 339.7 65.59 437.6 26.54 3.25
CvC40 74.0 524 3156 68.13 426.8 23.14 3.49
CvC50 68.0 5.69 309.8 69.89 4295 22.57 1.85
PVA 11_15 CvC60 75.0 558 316.0 66.84 434.7 23.93 3.65
WVC 40 78.2 6.06 325.8 69.59 4456 21.83 2.52
WVC50 795 6.33 3370 66.58 4417 27.01 0.08
WVC60 65.3 6.03 3421 66.30 4240 27.61 0.06

contrary, the surface of all composites|ooks hetero-
geneous and coarse. Depending on the powder type
and its concentration the surface morphological
changed, with another words, the surface become
complete heterogeneousat higher concentration of
powder and in composites of wool. It is also obvi-
ousthat, no indication about any significant agglom-
eration following the adding of powders beside ho-
mogenous distribution of powder inside film ma-
trix.

Differential scanning calorimetry (DSC)

The main thermal eventsfor PVA filmswerere-
ported by Lobo et al.*® The DSC results of PVA

and its composite films are illustrate in TABLE 3,
and it can concluded that, PVA pure films | and 11
(10 and 15 %) hasan important two exothermal pesk,
first peak which corresponding to evaporation of
water ca. 100C, and second peak which correspond-
ing to melting of the PVA crystallization. As men-
tioned in TABLE 3, peak temperaturefor both peaks
of the two different molecular weights PVA isin-
creasewith increasing the percent of PVA inthefilm
from 10 to 15%. In addition, enthal py has opposite
behaviour than peak temperature; meaning its de-
creasing with increasing the PVA concentration.
Furthermore, the main thermal events for wool
and cotton composites film with PVA are an exo-
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thermic peak dueto water evaporation around 100C,
an exothermic peak at 224-228C subsequentto melt-
ing of itscrystallization, and above 300°C there is a
decomposition peak extensive from thermal degra-
dation (burning) of natural powderg* 9,

Forlow molecular weight PVA ,adding of cotton
or wool nanoparticles causes decreasing in both en-
thalpy and peak temperature, also increasing addi-
tion percent cause more decrease in both enthal py
and peak temperature. Furthermore, the high molecu-
lar weightPVA has anopposite behaviour than low
molecular weight; meaning that, adding of cotton or
wool nanoparticles increase the enthalpy and tem-
perature peak of the compositesfilm.

From PVA chemical structure,it is noticed that,
PVA has very short branching (hydroxyl group). As
the average molecular weight of PVA increases the
chainlength of polymer increase, increasingthechain
length increase the probabilityand intensity of Lon-
don interactions (van der Waals forces) between
polymer chains, which hasadominate effect of poly-
mer thermodynamic properties. Hydrogen bonding
is by far the dominant interaction in this particular
polymer and goes someway into explaining itsther-
mal behaviour. So, increasing the molecul ar weight
causeincreasing the thermal properties.

Thermal gravimetrical analysis(TGA)

Therma stability characteristicsof PVA and their
compositesweretested by TGA, the samples being
heated from room temperatureto 600°C with a heat-
ing rate of 10°C/min under a nitrogen flow. This ana-
Iytical technique used to determine materials ther-
mal stability and itsfraction of volatile components
by monitoring theweight loss of the samplein acho-
sen atmosphere as a function of temperature. Ther-
mal decomposition temperature (°C), mass loss
(%)and mass residual (%) results are given in
TABLEA4.

The TGA datashowsthat all samplesexhibited
three distinct weight loss stages. The same pattern
was found by Tudorachi et. al.?¥ in their study on
PVA and starch mixtures as biodegradabl e polymeric
materials. Thefirst stage presentstheloss of weakly
physical absorbed water while second stage exhib-
its the decomposition of side chain of PVA and the

—=> RegUlOr Peper

third stage shows the decomposition of main chain
of PVA. TGA of ultrafine cotton and wool powder
have been investigated with Hassabo et. al.[*%.

From TABLE 4, it can be seen that the major
weight loss are observed at about 80-90 wt% in the
range of 200-450C for all samples which corre-
spond to the structural decomposition of PVA aswell
as pyrolysis of cotton and wool powder. A typical
weight loss occurred at about 100C due to moisture
escape aroundboiling point of water. The mass|oss
at 100C is related to the volatilization of water!?:
2 At around 400C, a complete decomposition of
the sampl e has been accrued.

Adding of cotton or wool powder to PVA matrix
does not show any significant effect for the thermal
stability of the composites. Increasing of cotton
amount decreases the temperature of decomposition.
Thisisdueto the decomposition of cotton and wool
powder, which starts normally at around 310°C#!
and 270°C®¥for cotton and wool respectively, and
whichisshortly delayed by the encapsul ation of cot-
ton particlesin the PVA matrix, suggesting that cot-
ton and wool powder at these ratios increases the
thermal stability of PVA polymer. Mass loss of the
polymer composites decreases by increasing the
amount of powder to polymeric material. The pure
PVA filmshave lower thermal stability than that of
its composites with cotton or wool fine powders. In
addition, a carbonaceous residue remains after all
volatile products has presented in TABLE 42,

Tensilemeasurement

Tensile measurements were run to evaluate the
mechanical properties of the resultant composites
filmsand to establish the compatibly of composites
materials to use in proposed applications.

Forceat break

Forceat break valueswererecorded for all com-
positesfilmsin Figure 2. Generally, all the compos-
itesfilms has broken atlower force of force at break
than pure PVA film. Furthermore, both molecular
weights PVA and their compositesrecord high elon-
gations and do not broken easily. Some film com-
posites, like those based on cotton powder; require
a force higher than those based on wool powder,
indicatesthat the cotton powder has more mechani-
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Figure 3 : Elongation (%) for PVA and its composites films with cotton and wool powders at different concentrations

cal compatibility with PVA than wool powder. One
mayy a so noticethat the effect of particlesisthesame.
Meaning that, increasing of cotton or wool powder
concentration leads to decreasing of force at break.
Furthermore, increasing the PVA concentration from
10 to 15 %, led to decreasing of the force at break
for both PVA molecul ar weights.

Elongation at break

Figure 3 Showstheevolution of € ongation at bresk
of PVA and itscompositesfilmswith different amount
and type of powders. It shows that, for low molecu-
lar weight PVA the elongation at a break increasing
by adding cotton or woolpowders till 5 %, then by
increasing the powder percent the elongation at a
break was decreasing. This effect may be attributed
to, adding of cotton or wool powderincreasetheamor-
phous region of the film (the crystallinity ratio de-
creases). On the other side, the elongation at break
for high molecular weight PVA decreasing by adding
cotton or wool powders. Furthermore, PVA_| andits
composite films shows lower elongation at a break
than PVA_Il and itscomposites.

Breakingmodulus

The breaking modulusisamaterial property that
describesits stiffness and is used for characterizing
the textile fibred?d. It is defined in a similar way
with elastic modulus, but using the values of stress
and strain at break:

_ Breaking stress

B Breakingstrain

In this work, all the cross-section areas were
kept constant, having a rectangular profile with a
thickness of 0.2 mm and awidth of 15 mm. So, in
formula of breaking modulus we used the breaking
forceinstead of breaking stress.

The breaking modulus of PVA_1 and PVA_lI
compositesfilmsare shownin Figure4. Comparing
the effect of various powder concentration on the
breaking modulus of PVA composites. It isobserved
that, as the concentration of cotton and wool pow-
der increase, the breaking modulus also increase.

BM

Compositesapplication
M oistur eabsor bance



RRBS, 10(4) 2015

Ahmed GHassaboet al.

155

60 4

Fm—Pva 10
FO—FVA L 15
0]l FA-PVAII L

y—PVA I 15

/
0} /

w4

Breaking Modulus

—=> Regulor Paper

60

—E-PVA I 10
~@=PVA IS

0] FA-PYATI 10 -
Fy—PVA I 13 u °
PR /./
E ]

E
-
=
E3

T T
0% 3%

Cotton Powder (%)

Wool Powder (%)

Figure 4 : Breaking modulus for PVA and its composite films with cotton and wool powder at different concentra-

tions

—8=PVA I 15/ Cotton
=@ PVA I 10/ Cotton
- < «PVA_II_15/ Cotton
=v=PVA IT 10/ Cotton

3
1

Water absorption (%)

—8—PVA_I 15/ Wool
=& PVA_I 10/ Wool
- e -PVA_II_15/ Wool
—y—PVA I 10/Wool| . .-&

o
H

Water absorption (%)

Pawder Conc. (%)

Powder Conc. (%)
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The compositesfilm of PVA was characteriseto
use as moisture absorbance which is necessary in
some filter. The ability of textile fibre to absorb
moisture and perspiration is an important property
for providing the comfortable felling to the users.
For this reason, we have investigated the moisture
management of the resultant composites under dif-
ferent relative humidity conditionsto screen out the
suitability of each composite.

At a 100% relative humidity environment high
molecular weight PVA absorbs moisture more than
low molecular weight PVA, also, high concentra-
tion PVA film can absorb moisture more than low
concentration. That may be attributed to, PVA cre-
ates hydrogen bond in presence of water molecule
which changesits dielectric and conductive proper-
tied?’. The moisture sorption characteristics of both
PVApolymersand their composites with cotton and
wool powders were measured for the composites
with 3, 5and 10% powder (see Figure5). Themois-
ture uptake is improved by adding of wool powder
much than cotton powder.

From physica view-point of cotton, themolecule
isaribbon-like structure of linked six-member rings

each with three hydroxyl groups (OH) onthe C2, C3
and C6 atoms proj ecting out of the plane of therib-
bon. As well as providing structural stability the
hydroxyl groups allow extensiveintermol ecular hy-
drogen bonding with many molecules, including
water. The accessibility of water to these hydroxyl
groups depends on the spacing between crystal lat-
tice planes. From acompletely dry state, water mol-
ecules will form hydrogen bonds with hydroxyl
groupsthat are not already linked within crystalline
regions?,

The extramoisture absorption in both polymers
is the contribution of the cotton particles. Overal,
the adding of up to 5% cotton powder to the
PVAmatrix improvethetotal moisture uptake, which
is attributed to the corresponding amount of cotton
powder added. In addition, moreincrease the amount
of cotton powder till 10 %didn’t have any signifi-
cant change on the water absorption comparing with
5 % of cotton powder.

On the other hand, a 100% relative humidity
wool takes moisture up to 33% of its weight!?.
Therefore, by adding wool powders to PVA matrix
we expect that the moisture performances of the
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Figure 6 : Formaldehyde absorption for PVA and its composites films with cotton and wool powders

composite film will be improved.

Asshownin Figure 5, adding 5% of wool pow-
der to the PVA film observes changing of the ability
of the compositeto adsorb moisture. The composite
film can take 3% of its weight moisture when the
surrounding environment has 95% relative humid-
ity, which is more than what pure PVA adsorbs un-
der the same conditions. The extra-amount fits prac-
tically the contribution of wool particles added to
the film¥, As it appears adding of wool particles
to PVA matrix changes significantly the moisture
properties making the composite film to behave
closer to natural products.

Formaldehydeuptake

It is demonstrate that, the composite film could
absorb formal dehyde from the environmental ; Fig-
ure 6 shows the formaldehyde absorption (%) for
PVA and its composites films with cotton and wool
micro powders.

This result shows that,pure PVA film (low or
high molecular weight at 10 or 15%) could be ab-
sorb formaldehyde with1.23,1.5, 1.44 and 1.64 %
for PVA_| 10, PVA_| 15, PVA_Il_10 and
PVA_I1_15 respectively. Furthermore, addition of
both cotton and wool powders improve the ability
of the composites filmsto absorb formaldehyde. In
addition, composites with wool powderswere ab-
sorb the formal dehyde much more than those com-
posites with cotton powders.

Asthe pure PVA absorb formal dehyde depend-
ing on the molecular weight and the concentration,
(high concentration isbetter than low concentration
and higher molecul ar weight is better than low one;

asthe same behavior of water absorbance), it found
that it is the same behavior for the composites with
cotton and wool powder.

CONCLUSION

A new composites film based on polyvinyl a-
cohol (PVA) and micro-powders from cotton and
wool were prepared using variousconcentrations;
molecular weight of PVA (low 22000 and high
145000), concentration of PVA inwater (10 and 15
%), concentration of additive powders (3, 5and 10
%). All these mixtureswere casting over glassplate
with standard thickness.

The Surface morphology for composites films
were examined using the scanning el ectron micro-
scope (SEM). Differential Scanning Calorimeter
(DSC) and Thermal Gravimetrical Analysis (TGA)
was performedto eval uate the thermal properties of
the composites film and mechanical propertieswas
done. All these examinations support that, the distri-
bution of the micro-powdersin PVA matrix is ho-
mogenous and has no agglomeration sign. Physical
and mechanical investigations of these composites
film were improved. Uses of these compositesfilm
asamembraneto absorb water and formaldehydeis
approved experimentally as shown in the result of
composite applications section.
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