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Abstract

The PVA/TIO, composite polymer membranes were prepared by-&alotasting method, the weight
of PVA is constant (1gm) while the Ti@owder ratios were (0.01, 0.02, 0.03, 0.04, 0gbb) In order

to evaluate the mechanical properties of PVALTE@mposite the ultrasonic measurements were
performed at the samples , these properties a@sattic velocity, compressibility, acoustic impecn
relaxation time, bulk modulus, shear viscosity atehsity were analyzed at different frequencies
(25,30,35,40) KHz , another acoustic mechanicapgries were measured and calculated at a same
time such as the ultrasonic wave amplitude befackafter absorption by composite were showed on
oscilloscope ,then we calculated absorption cdefiicand transmittance. It was found that the
frequency effect on the ultrasonic velocity exctat first concentration (1lgmPVA) stay constant and
the material properties also shows that (20 KHaydiency has the best results for other frequencies
under search, results also shows that adding @iBances PVA polymer and the composite became
good membrane foe reflecting ultrasound waves.

Keywords: composite polymer; ultrasound technique; mechampiagberties; sol-gel method.

1. Introduction

Ultrasonic technique is one of the basic non-desires methods for evaluation of materials and
structures. A significant part of every ultrasoirispection is the way in which the ultrasonic eyagy
transferred between the transducer and testedtobjdierent types of commercial liquids and gets a
used as a coupling medium. Sometimes the use ajua lor gel is undesirable because it may
contaminate or penetrate into the material beisteteleading to reduction of mechanical propeudies
corrosion (Bogomilet. al 2006). Ultrasonic technique is good method fardging the structural
changes associated with the information of mixassist in the study of molecular interaction betwee
two species; some of mechanical properties of iffe polymers were carried by some workers using
ultrasonic technique (B. Boro 2009).The apson of ultrasound in polymer systems is governed
by local modes of motion and cooperative becaugheoéxistence of strong intermolecular interaction
within the polymer. The breakage of chemical bosd$ue to cavitations into the medium. Cavitations
are the formation and violent collapse of small Hdab. This leads to shearing forces of sufficient
magnitude to cause the rupture of chemical bondgatia 2004). The effects of various parameters
like ultrasound intensity, frequency of ultrasoniaves and polymer concentration have been
investigatedJayanta 2004 & Andre 2003). Ultrasonic velocityasirements are relatively simple to
make in bulk solids and can be related to the wvariglastic modules, especially for isotropic solids
For these bulk solids the sound speed may be weekldyed to the crush or abrasion strength of the
material, as the sound transmission depends on thwhproperties of the particles and their
configuration, care must be taken to understandotbparation of the sample for measurement. This
includes shaking steps to consolidate the powdérpeepare as uniform as possible configuration of
the powders at measurement (P.J. Coghill and FigGk11). Composites have good potential for
various industrial fields because of their excéligmoperties such as high hardness, high meltirigtpo
low density, low coefficient of thermal expansidrigh thermal conductivity, good chemical stability
and improved mechanical properties such as higpercific strength, better wear resistance and
specific modulus (Shu, K.M. and G. C. Tu, 2002 &@&a and Aye 2009).

2. Experimental:

2.1 Sample Preparation:

PVA (Gerhard Buchman -Germany) with assay (99.8&td TiQ, with assay (99.7%) and M.W.
(81.38) were used as received without further mation. The PVA/TiIQ composite membranes were
prepared by a sol-Gel casting method, the apprpwaight of PVA is constant (1gm) was dissolved
in (25ml) of distilled water under stirring and h¢a0-C) for (1 hour) then leave the PVA solution for
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(15min) to get could at room temperature, thenTik® powder was added slowly to the PVA solution
with stirring with weights (0.01, 0.02, 0.03 0.0408) gm. The resulting solution was stirred
continuously until the solution mixture became ambgeneous viscous appearance at room
temperature for (30 min.). The PVA/Ti@omposite polymer membranes are obtained by lgatvie
mixture solution in a petre dish at room tempegafor 2 weeks and then the composites samples were
cut in the circle shape with (4cm) diameter anddémsity of the samples were measured by the weight
method.

2.2 Ultrasonic measurements:

Ultrasonic measurements were made with variablguiacies (f=25,30,35,40 KHz) using pulse
technique of sender-receiver type (SV-DH-7A/SVX-&locity of sound instrument) .The receiver
quartz crystal mounted on a digital vernier scdlslaw motion, the receiver crystal could be dispih
parallel to sender and the samples were put betweader and receiver. The sender and receiver
pulses (waves) were displaced as two traces obdathay oscilloscope, and the digital delay time of
received pulses were recorded with respect to lfekriess of the samples. The pulses height on
oscilloscope (CH1) represents incident ultrasonaveis amplitude (4 and the pulses height on
oscilloscope (CH2) represents the receiver ulti@seave’s amplitude (A) after passing the composite

2.3 Theoretical calculation:

The absorption coefficient was calculated from Lambert — Beer law (Zong fahal.2011):
AlAg=et*™ . (1)

Where (A)is the initially amplitude of the ultrasonic way@y is the wave amplitude after absorption

and (x) is the thickness of the sample, the tratiange (T) is the fraction of incident wave at a

specified wavelength that passes through a samgdecelculated from the following equatifiipak

2001):

Where (b) is the initially intensity of the ultrasonic wasseand (1) is the received intensity. The
ultrasonic wave velocity was calculated using thiofving equation (Abdul-Kareem and Burak11):

Where (1) is time that the waves need to crossahneples (digital obtained from the instrument).

Attenuation is generally proportional to the squaieound frequency so the relaxation amplitude (D)
was calculated from the following equation (Josef &lerbert1990):

The wavelength)) can change only when the speed of the wave chkaing&le the samples we can
calculate it by the equation (David al.2002:

A=v/f...... (5)
Bulk modulus (B) of a composite is the substanm@sgstance to uniform compression, it is defined as
the pressure increase needed to decrease the yvolumas calculated by Laplace equation whedeg
the density (Al-Bermany E.2004):

Compressibility ) is a measure of the relative volume change dfiid br solid as a response to a
pressure (or mean stress) change, it was calcubgtduk following equation (Hassired. al.2009):

B=(pVA*....... 7
The acoustic impedance of a medium (2), it wasutated by equation (Jarth 2008):
Z=pV ... (8)

On the basis that all solids flow to a small extentesponse to small shear stress, some researcher
have contended that substances known as amorpblds, such as glass and many polymers may be
considered to have viscosity. This has led sonthaoiew that solids are simply "liquids" with arye
high viscosity; the viscosityn() of the samples was measured by using the equ@leBermany K.J.
2009):

ns=3apVvy8nifi.. ... (9)
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The relaxation timetf was calculated from the equation (Herbert 1985):
T=4nI3p VA........ (10)

3. Resault and discussions:

In our study we try to enhance some of PVA mectanroperties by adding different TiO
concentrations. Result show that the density isedeing when adding Tisince TiQmolecules fills
the vacancies between polymer macromolecules chiagigandomly coiled in distilled water (Abdul-
Kareemet. al.(2011) & Subhiet. al. 1990)and the polymer macromolecules are heavier thap, 5@
the density decreasing as show in fig.(1).Sincediwesity decreasing ultrasonic velocity decreasing
also when increasing Tgkand the composite of (0.5 gm T)has the lower value of velocity as shown
in fig.(2) .Bulk modulus reducing when adding #ihce these molecules restricted polymer
macromolecules by filling the vacancies and formimeyw conformations and configurations in the
composite and reducing bulk modulus agree with ggug6) which indicate that bulk modulus must
decreasing when velocity decreasing. Specific atimpedance is decreasing when increasing,TiO
the concentration (0.5 gm TjP shown in gig.(4) has lower value ,since Ji@nd polymer
macromolecules come close together when passirasattic waves, as a result the specific impedance
decreasing this agree with equation (8).The consfhitity is increasing when addingiO,, the
concentration (0.5 gm Tip has the higher compressibility value as showfigr{5) as we discussed
above that bulk modulus decreasing so compreggibilust increasing that means Ti@olecules
forming network formation as a result of entanglatiateraction between the two types of molecules
,polymer macromolecules and Ti@holecules (Tomaset. al. 2010).The transmittance is decreasing
when TiQ increasing as shown in fig. (6) Since the compbdy increasing, so transmittance must
decrease as result of adding Ti@olecules. Absorption coefficient of the composstelecreasing with
increasing TiQand (0.5 gm TiQ) has lower absorption coefficient as shown in i@, this could be
attributed that the attenuation of ultrasonic wagepend on viscosity, thermal conductivity, scaiter
and intermolecular interactions, the thermal cotiglitg was known to be negligible (Tomasz. al.
2010 & E.Foledet. al. 1988 ) Therefore intermolecular processes andesoaj were assumed to be
responsible for reducing acoustic absorption coieffit. The relaxation time is decreasing when,TiO
and (0.5 gm TiQ) is lower than other concentrations, this attrouthat we saw absorption coefficient
decreasing so reducing the number of molecules raswdt of degradation by ultrasonic waves, this
lead to reducing relaxation time for molecules ¢osbated their positions (Al-Bermany E. 2004). The
viscosity is decreasing by increasing Ti& shown in fig. (10) ,this attributed that hyd¥odonding

of water attached to oxygen sites then lead toasialv sheaths and increase the size of molecules so
TiO, molecules between new macromolecules lead to ee@tacviscosity (Andre 2003). Relaxation
amplitude is decreasing with increasing 7@ shown in fig. (11) , since polymer moleculegléng
water and increase its size , adding Ji@olecules made macromolecules to be restrictedranétee
radical obtained as a result of degradation (Ed-ele al. 1988) resist molecules to back to their
positions with mall amplitude.

4, Conclusion

1. Ultrasonic waves made degradation to the polymainstithen affect the velocity.
2. Adding TiO, enhances this composite to become good reflecestium for ultrasonic and can be
applied on air plane surface and so on that reftecddar waves or sonar surface.

3. Adding TiO, made composite not good absorber for ultrasoniesav
4. The composite can be applies in echo or sonauimsnt.

5. Adding TiO, made composite hard because its compressibilitg@sing.
6. The composite can applied in echo or sonar instntime
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