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Abstract

Some of physical properties of polyvinyl alcohdsblves in distilled water had been studied bedockafter
adding different weights of copper (ll) chlorideuCl,), the Rheological properties shows that the diessit
variation are intangible and shear viscosity argpoasible for reducing velocity, bulk modulus and
transmittance the absorption coefficient of ultrasovaves and relaxation amplitude are increasiith w
adding copper (II) chloride because there will berenmolecules in solution and this lead to more
attenuation against wave propagation
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1. Introduction

PVA is a water-soluble synthetic polymer, due tee thharacteristics of easy preparation, good
biodegradability, excellent chemical resistancel gaod mechanical properties, polyvinyl alcoholsed
mainly as a solution in water but its solubilityirater depends on its degree of polymerizationdetee of
hydrolysis of its precursor (poly vinyl acetatef), PVA solutions in water, very complicated and stro
physical interactions between solvent and polymeauld be present.

The rheological properties of the PVA solutions @ffected by effectiveness of the physical bondiolyent
systems the physical state of water is very importa rheological responses because free watersform
hydro-gel structure (Song and Byoung 2004) soheffgcts might therefore be expected to influenae th
ultrasonic relation behavior, the absorption ofadonic in liquid polymer systems is governed bgalo
modes of motion and cooperative whole molecule mmerg because of the strong intermolecular
interaction within the polymer it should be possibb observe cooperative motion in the ultrasoaige
(Jayanta et. al. 2004).

Polyvinyl alcohol has high tensile strength andxifidity, as well as high oxygen and aroma barrier
properties. However these properties are depermtehtimidity, in other words, with higher humidityone
water is absorbed, the water which acts as a pilastj will then reduce its tensile strength, mdrease its
elongation and tear strength. PVA is fully degrddadnd dissolves quickly. (Fromageatu al. 2003).
Acoustic relaxation measurements on other polyrhake been reported by several workers (Hasun S.K.
1989, Tomas=#t. al. 2010, Hassun,S.K. and Rahman,K.1990, Khalida 200¢gasonic technique is good
method for studying the structural changes assetiaith the information of mixture assist in thadst of
molecular interaction between two species; somenethanical properties of different polymers were
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carried by some workers using ultrasonic techniglBermany E.2004, B. Boro 2009). Aqueous solution
prepared from copper (ll) chloride contains a raofjeopper (Il) complexes depending on concentnatio
temperature and the presence of additional chlaoide (Greenwood and Earnshaw 1997, ).

H H
Cl—cu—cCl | |
«2 H»0 | |
H OH n
(Fig. 1) The molecular structure of Cy@H,O (Fig. 2) The molecular structure of PVA.

2. Experimental

2.1 Preparation of Solutions:

The solution was prepared by soluble (0.5 gm PWAKO0 ml) distilled water under stirring at°80for (1

hour) the resulting solution was stirred contindgustil the solution mixture became a homogenethss,
copper (1) chloride weights were (0.01, 0.02, 0.0®4, 0.05) gm added to the PVA solution to sttidy
addition affect on some of the rheological and raeatal properties.

2.2 Ultrasonic measurements:

Ultrasonic measurements were made by pulse tesbnid sender-receiver type (SV-DH-7A/SVX-7
velocity of sound instrument) with different frequodes (25, 30,35,40,45 and 50 kHz) in our study the
frequency fixed at (25 KHz), the receiver quartgstal mounted on a digital vernier scale of slowtiomg the
receiver crystal could be displaced parallel to skader and the samples were put between sender and
receiver. The sender and receiver pulses (waves displaced as two traces of cathode ray oscolpsc
and the digital delay timé)(of receiver pulses were recorded with respettiedhickness of the samples.(

The pulses height on oscilloscope (CH1) represantdent ultrasonic wave’s amplitudAq) and the pulses
height on oscilloscope (CH2) represents the receilteasonic wave's amplitudeé}.

3. Resultsand Discussion

The densities of the solutionp)(were determined by density bottle method, thengkain densities is
almost intangible when we add copper (II) chlorideshown in (Fig.3) their viscosities measured teefo
and after adding copper chloride for all sampldsgu®©stwald viscometer with accuracy of + 1.05% th
method of measurement has been described by (Ah&®y E.2004), elsewhere the shear viscosity were
determined before and after the adding of copdgrctiloride by the following equation (llligeret. al.
2008, Subhi et. al.1990) gs/no =t p Ito po) Where ) is the solution viscosity,p() and ¢,) are the
distilled water density and viscosity respectiveéhge shear viscosity is increasing with adding espihl)
chloride as shown in (Fig.4) since the viscositgaiies a fluid's internal resistance between nubdscso
when we add the copper (ll) chloride there willrhere molecules, the additional forces between nutdsc
leads to an additional contribution to the shesgsst and this lead to reduce velocity as showirig.J),
the associated state of water in the solvent systead a significant effect on the physical propsrif
PVA solutions such as rheological responses anécntar relaxation behavior (Song and Byoung 2004).
Ultrasonic wave velocityv) shown in (Fig.5) was calculated using the follogviequation (Boutouyriet.
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al. 2009) ¢ =x/t) where () is the time that the waves need to cross the snfgigital obtained from the
instrument), the velocity is decreasing this beeagtsuctural or volume relaxation it occurs in assied
liquids such as polymers, a liquid when at restanktice structure similar to that possessedadtig svhen
waves are propagated through it, the resultanbgieri changes of wave pressure causes molecules to
flow into vacancies in the lattice during compressphase and to return to their original positionghe
lattice during rarefaction, because of this andabse of viscosity the ratio of the change in pressu the
fractional volume compression is decrease withragidopper (1) chloride, this called the bulk magkibf
the material B) as shown in (Fig.6) and it is calculated by Laplaquation(B = p v ?) (Abdul-Kareem
et.al .2011). (Fig.7) shows the solutions compressibiiky which is calculated from this equation (R.
Palani and S. Kalavathy 2011 €1/ p v %) the compressibility appears to be increasing witliease in
copper (II) chloride molecules, this behavior irad&s significant interaction between solute andesul
molecules due to which the structural arrangementhie neighborhoods of constituent solutes is
considerably affected. The transmittan€g i the fraction of incident wave at a specifiedwalength that
passes through the sample was calculated fronotlosving equation (Dipak Basu 200I) €1/ 1,) where
(1) is the initially intensity of the ultrasonic wavend () is the received intensity, it is decreasing with
adding copper (II) chloride as shown in (Fig.8}pthitributed that the polymer molecules absorbedthind
waves according to Lambert-Beer Law (Ingle and u€hol988)A/A, =€ **) where §) is the absorption
coefficient, A) is the initially amplitude of the ultrasonic wave(A) is the wave amplitude after
absorption andx) is the thickness of the sample and because dwsity increasing the absorption
coefficient is increasing as shown in (Fig.9) whislbiased on concentration (Dipak Basu 2001, lagie
Crouch 1988), this attributed to the fact that whdding copper (II) chloride there will be more smlles

in solution this lead to more attenuation againavevpropagation, the attenuation can be attribidetle
friction and heat exchange between the particléstla@ surrounding medium as well as to the decdkief
acoustic wave in the forward direction due to sraty by the Particles (Tomast al. 2010) so there will be
increasing in absorption and this lead to increth®e relaxation amplitude as shown in (Fig.10), the
Attenuation is generally proportional to the squafesound frequency, the relaxation amplitu@® (as
calculated from the following equatiol (= a/ %) (Josef and Herbert 1990) whei® i the ultrasonic
frequency and this attributed to the fact thatagibnic energy depends on viscosity thermal condtygti
scattering and intermolecular processes , thermoabuctivity and scattering effects are known to be
negligible (Boutouyrieet.al. 2009, Josef and Herbert 1990) so viscosity isaesiple for the increase of
relaxation amplitude for this reason absorptiorffaent commonly known as visco —absorption.

1. Conclusion

This study shows that intermolecular processeslamdssociated state of water in the solvent systead a
significant effect on the physical properties ofAP36lutions such as rheological responses and mialec
relaxation behavior, and indicating increase in $f&m of molecules in bath of ultrasonic waves, nvhe
concentration increases there will be complexesoués formed in the solution by the effect of péte
and roots that rebounded to formations betweennpalychains when adding copper chloride, the afféct
adding copper chloride on densities is intangilodhe viscosities of solutions which were incregsine
responsible for reducing velocity of ultrasoundtineducing the bulk modulus and transmittance |¢aid to
increase the absorption coefficient with addingpeypchloride because molecules absorbed the soanelsw
according to Lambert-Beer Law then increase thexegion amplitude.

21



Chemistry and Materials Research www.iiste.org
ISSN 22243224 (Print) ISSN 2225956 (Online)
Vol 2, No.1, 2012

References

Abdul-Kareem Jawad Rashid , Rawaa Mizher ObiadaBufahya Kadem, “Study the Rheological and
Mechanical Properties of PVA/NH4CI by Ultrasonichemistry and Materials Research, iiste., Vol 1, No.1,
2011.

Al-Bermany E.(2004),"Gamma radiation effect in sopteysical properties of polymer zanthan cellulose
“M.Sc. thesis, Baghdad university.

B. Boro Djordjevi (2009), “Ultrasonic characterizat of advanced composite materials” the 10th
International Conference of the Slovenian Society Non- Destructive Testing (Application of
Contemporary Non-Destructive Testing in Enginegrihgubljana, Slovenia, pp. 47-57.

Boutouyrie P, Briet M, Collin C, Vermeersch S, ParnB Artery Research,3(1): 3-8(2009).

Dipak Basu (2001) Dictionary of Material Sciencelatigh Energy Physics, CRC Press, Chapter 26

Fromageau, J.; Brusseau, E.; Vray, D.; GimenezD8lachartre, P.; IEEE Transactions on Ultrasonics,
Ferroelectrics and Frequency Control, Volume: §8ué: 10. 2003, Page(s): 1318 - 1324.

Greenwood, N. N. and Earnshaw, A. (1997). Chemistrthe Elements (2nd Edn.), Oxford:Butterworth-
Heinemann.

Hassun,S.K., Rahman,K.(1990), Ultrasonic Study aflddular Association of High Impact Polystyrene
Solutions in Toluene, Iraqgi Journal of Science334.

Hasun S.K. ,"Ultrasonic study and visco-relaxatain ~ PVA”, British polymer Journal, (1989) vol.2
333-338.

lliger S R, Rao K.P. and Demappa, T.(2008), Migitip Studies of HPMC/PVA Blends in Water by
Viscosity, Density, Refractive Index and Ultrasow@ocity Method, Carbohydrate Polymer, 74,779-782

Jayanta Chakraborty, Jayashri Sarkar, Ravi KumdrGiridhar Madra (2004) “Ultrasonic Degradation of
Polybutadiene and Isotactic Polypropylene”, Polylegradation and Stability, Elsevier,85(1),555-558.
J. D. J. Ingle and S. R. Crouch, Spectrochemicalysis, Prentice Hall, N.J. (1988)]

Krautkramer, Josef and Herbert, “Ultrasonic testfignaterials” 4th edition, Springer. (1990).
Khalida,H.H., Study of Structural and Visco-Relagat of Polycarbonates Solutions by Ultrasonic

Technique, Journal of Al-Qadisiya of Pure Scien¢2804) 9,3,188-122.

22



Chemistry and Materials Research www.iiste.org
ISSN 22243224 (Print) ISSN 2225956 (Online)
Vol 2, No.1, 2012

R. Palani and S. Kalavathy 2011, Volumetric corapitglity and transport studies on molecular
interactions of mono, di and tri saccharine in aysesodium butyrate mixtures at 303.15 K, Advarines
Applied Science Research, 2011, 2 (2): 146-155

Subhi K. Hassun, Kadhim H. Hussain and Najiba Asdém (1990), Visco- Relaxation Studies of
Polystyrene Solutions in Different Solvents by d#onic , Acta Polymerica, 41(8),438-441.

Song le Song, Byoung Chul Kim 2004, Characteristieological features of PVA solutions in water-
containing solvents with different hydration statealymer (45) Elsevier, p. 2381-2386

Tomasz Hornowski, Arkadiusz Jézefczak ,Andrzej Siaimand Mikotaj tabowski ,” Effect of
Poly(Ethylene Glycol) Coating on the Acoustic Pndigs of Biocompatible Magnetic Fluid”, Int J Theom
phys. , (2010), 31:70-76.

12 - o 35 -
& - o 1
2 115 - %30 Er——k‘*/*’—‘
B - 2 2 i
3 N & 20 2
= 1.05 ? L v 4 \ E' 15 ;
i - W 3
g - S 10 -
“ - R 3
$ 095 - S 51
— - fi 4

- =

0y —— ;g“
0 0.02 0.04 006 7 0 001 007 003 004 005
CuCl2 wieghts (gm) CuCl2 wieghts (gm)
(Fig.3) Density due toCugLaddition (Fig.4) Shear viscoscity daeoncentration

23



Chemistry and Materials Research www.iiste.org
ISSN 22243224 (Print) ISSN 2225956 (Online)
Vol 2, No.1, 2012

1400 p 20
9 =
1200 | g 18
— E = 16
; 1000 A o 14
i | =
= 500 - = 12
2 300 - )
=, E v 10
= 500 hu E
= E Z s
2 400 - s 6
- ] E 4
200 =
7 = 2
B =]
0} - T T T T T T T 1 0O+ 71 77 T 7 1 T T 11
a 0.01 002 003 0.04 D05 o] 0.02 0.04 0.06
CuCl2 wieghts (gin) CuCl12 wieghts (zm)

(Fig.5) Ultrasonic velocity due to concentration (Fig.6) Bulk modules due to concentration

0.5 - 0.6
z 7
T 05 - 0.5
ot ] 2
= 0.4 E § 0.4
P ] E
-‘::' 0.3 E = 0.3
= ] 7
g 0.2 4 = 0.2
7 ] =
= 01 - 0.1
= |
g b
5] o L A I . —
0 0.02 c.04 0.06 0 001 002 003 004 005
CuCl12 wieghts (zm) CuCl2 wieghts (gm)

(Fig.7) Compressibility due to concentration (Fig.8) Transmittance due to concentration

250 - 35
= ] 3 3
= 200 | 2~ ]
=) ] B 25
S . 22 ]
g 150 7 = - 2
] b = = 3]
= ] =) E
2 100 ] =R 154
= ] 231
% 50 ] = w 3
= o 0.5 -

0 +———F——1—— : . ; [ e e T T
0 0.02 0.04 0.06 0 0.02 0.04 0.06
CuCl2 wieghts (gm) CuCl12 wieghts (gm)

(Fig.9) Absorption coefficient due to conceritrat (Fig.10) Relaxation amplitude due to conceidra

24



This academic article was published by The International Institute for Science,
Technology and Education (IISTE). The IISTE is a pioneer in the Open Access
Publishing service based in the U.S. and Europe. The aim of the institute is
Accelerating Global Knowledge Sharing.

More information about the publisher can be found in the IISTE’s homepage:
http://www.iiste.org

The 1ISTE is currently hosting more than 30 peer-reviewed academic journals and
collaborating with academic institutions around the world. Prospective authors of
IISTE journals can find the submission instruction on the following page:
http://www.iiste.org/Journals/

The IISTE editorial team promises to the review and publish all the qualified
submissions in a fast manner. All the journals articles are available online to the
readers all over the world without financial, legal, or technical barriers other than
those inseparable from gaining access to the internet itself. Printed version of the
journals is also available upon request of readers and authors.

IISTE Knowledge Sharing Partners

EBSCO, Index Copernicus, Ulrich's Periodicals Directory, JournalITOCS, PKP Open
Archives Harvester, Bielefeld Academic Search Engine, Elektronische
Zeitschriftenbibliothek EZB, Open J-Gate, OCLC WorldCat, Universe Digtial
Library , NewJour, Google Scholar

m EB O INDEX (\@‘ COPERNICUS
I N T E RN A TTITIT ON AL

INFORMATION SERVICES
ULRICHSWES,  JournalTOCs @

N A ;
. E'z B Elektronische
lBAS(E T— Q0@ Zeitschriftenbibliothek O

open
> )
OCLC v)

The world’s libraries. — U cDigitalLibrary —
Connected. WorldCat e

Ny

'- ¥
GEORGETOWN UNIVERSITY
LIBRARY



http://www.iiste.org/
http://www.iiste.org/Journals/

