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Abstract:

In this paperwe investigated thRheological and mechanicaroperties of Carboxymethyle cellulose dissolves
in distilled water at different concentrations @@.10.2%, 0.3%, 0.4% ,0.5 ,%,0.6 %,0.7% and 0.8%))./@m!)
before and after adding (0.5, 1) gm. of PAAM fofr @ncentrations, the Rheological properties swiskear
viscosity, relative viscosity, specific viscosityduced viscosity and Viscosity Average Moleculaight are
measured, all the viscosities depend on densitycandentration, The results show that adding PA&#RUI to
increase the values of different types of viscesithen chose before.

Also the research included study of the Mechanalperties by ultrasonic waves velocity technique a
frequency( 25 KHz), these properties are absorpmaefficient of ultrasonic waves, relaxation tinnelaxation
amplitude, specific acoustic impedance, comprdgygiband bulk modules had been measured and alidbults
showed that all properties are increasing withiticeease of the polymer concentration except cosgidity is
decreasing with the increase of the concentratédarb and after adding PAAM.

Keywords: Carboxymethyle cellulose, Polyacrylamide ,Rhealabproperties, Mechanical properties.

1-Introduction

In many cases water-soluble polymers give riseufos&ntial viscosity increases when dissolved itewa
Therefore, a large number of water-based systeed inspractical application contain polymers to tconthe
viscosity (1). CMC is one of the most importantfdelse derivatives, which have an immense impoganche
industry and also in our everyday life. CMC isrghr, long chain, water soluble, anionic polysaddeaderived
from cellulose (2). In addition, the purified cdtige is a white to cream colored as well as tasteledorless,
and it is a free-flowing powder. Furthermore, doét$ water-soluble heteropolysaccharides with mghecular
weight properties, thus CMC is often blended witirch to provide desirable texture, enhanced proguality
and stability, control moisture and also water righ{3). CMC is an important industrial polymer @lto its
high viscosity, non-toxic, non-allergenic, biodedmhility as well as production at lower cost. Farthore, it is
a most important water soluble derivative with was applications in paper, food, detergents, casmetnd
textiles(4). CMC is generally prepared through thaction of alkali cellulose with monochloroacetateits
sodium salt in an organic medium(5).

Although, due to hydrogen bonds that associatel structure of molecular cellulose, it neither tmator
dissolves readily in common solvents. The main #teparboxymethylation its water-soluble derivaveave
found various applications. The purified produets hcontribution in food, pharmaceutical, detergeamnd
cosmetics industries. It is used as a preservdtive coating of fresh fruit and thickener for phaeutical
products. Beside the wide use of CMC, it is usedrdéng mud in oil industry (6). In addition, CM@ applied
as a dye thickening in textile industry. CMC asedgént and surfactant are used as anti-dirt agemrbtection
of fibers surface. CMC has been synthesized from ceallulose, wood, paper cotton-linter fibers, Lard
camara, banana plants and sugar beet pulp(7). d®glgmide, is a synthetic polymer derived from d&nyide
monomer which was originally introduced for use assupport matrix for electrophoresis in 1959.
Polyacrylamide is a polymer that is formed from tsinof acrylamide, a known neurotoxin. However,
polyacrylamide itself is non-toxic, but is a comessial ingredient because of its potential abititysecrete
acrylamide. Polyacrylamide is used in wide rangecagmetic products (moisturizers, lotions, creasedf-
tanning products, etc.). Because polyacrylamidectismically inert and stable over various conditjons
polyacrylamide has been employed, whether clinfjcali under development, to serve as a useful médrix
several types of extracorporeal toxin removal .yRalylamides were first used as an implantableierafor
sustained delivery of insulin to lengthen the bfediabetic rats. Since then, various drug deliv®rstems based
on polyacrylamide have been developed(8). It is alsed as a carrier for other bioactive macromddscand
cells to produce the desired effects. Polyacryl@ruhitosan hydrogels are biocompatible and are tesed
sustained antibiotic release(9). PAAM is major &agilons flocculants in water treatment, paper nfacture,
mining, and oil recovery; absorbents; gels for etgahoresis(10)(11).
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ultrasonic technique is good method for studying #tructural changes associated with the informadtib
mixture assist in the study of molecular interactimetween two species; some of mechanical propedie
different polymers were carried by some workersgailtrasonic technique(12). The purpose of thseaech
was to investigate the physical properties of caybmethyl cellulose (CMC) with Polyacrylamide (PAAMs
aqueous solutions by ultrasound wave at fixed feequ (25 KHZ) and study the effect of adding PAANIthe
physical properties of CMC to enhance its differamplications.

2. Experimental:

2-1 Preparation of Solutions:

CMC (Panreac Spain) with assay (99.8%) and PAAMIpeco by (BHD) with assay (99.9%) of high viscosity.
The CMC solution was prepared by dissolving a kneveights of CMC powder in affixed volume (500 mf) o
distilled water under stirring at 76@r ( 60 min). The CMC concentrations were (0.1%2%, 0.3 %, 0.4%,
0.5%, 0.6%, 0.7% and 0.8%) gm./ ml ; then PAAM added with different weights (0.5 and 1 gm.) toGMC
Concentrations. The resulting solution were sticedtinuously for (60 min) until the solution mixeubecame a
homogeneous.

2.2  Rheological measurements

2.2.1 Density and viscosity measurements:

The density of the CMC solutiorp)( was determined by the density bottle method dred shear viscosity
measured before and after adding PAAM for all cotredions using Ostwald viscometer with accuracyt of
1.05% (13,14), elsewhere different types of visyosiere determined before and after the adding PA#Mhe
equations (1, 2, 3 and 4), The shear viscositytieah calculated by the following equation (14)(10):

Ns/Mo=(Psts) / (Poto) - (1)

Where ps) and ) are density and shear viscosity of solute resgaygt (p,) and f,) are density and viscosity
of distilled water respectively,Jtand (t) are the flow time for solution and distilled watespectively Relative
viscosity ) re1) is simply the ratio of the viscosity of the polgnsolution to the viscosity of the pure solvent at
the same temperature. or the ratio of the two efilmes, and is given by the Jones-Dole equation(1%):

Nrel. = (ns/no) =1 Nreg ceeeee- (2)

Where (c) is the concentration of solutions angl) is the reduced viscosity, The specific viscosify) and the
reduced viscosityy ) Was calculated by the equations(15)(10) (16):

Nsp. = (T] rel. — 1) “MNred.C oovvvvnnnns (3)
n red; T]sp_ /C .............. (4)

The intrinsic viscosity has been obtained pradijcité value represent the intersection to y-axdsCagoes to
zero of graph between reduced viscosity and coretéort, which represented the piratical value dfimsic

viscosity before and after adding PAAM. The intgrtcgalues of these curves are shown in table (b T
intrinsic viscosity can be calculated theoreticélyusing philippoff equation as follow:

Ne=[1 +n] ... (5) Philipp off Equation

The relation betweem] and relative viscosity was determined by Arrhenigp it's called Arrhenius equation as
follows(13):

NMe=M]C...... (6) Arrhenius Equation

Viscosity Average Molecular weight had been caladaby the following equation(15) (17):
M1=KM?% ... (7)

Where k, a are constant depends on the type opdhaner, for CMC the values of constants are (a£0.9
K=1.23*10% (15) (18) .
The effective molecular radius(r) was calculatedh®yfollowing equations(10)(19):

Nret =1+ 6.3*10 P Cpy oo (8)

slope = 6.3*18' P ..o (9)
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r=>slope B3+ 102 (10)

Where slope equal to the value of slope plotted/den relative viscosities against concentration.

2.3 Mechanical measurements

2.3.1 Ultrasonic:

Ultrasonic measurements were made by pulse techrifjgender-receiver type (SV-DH-7A/SVX-7 veloaity
sound instrument) with constant frequency (25 Kikz)shown in Fig. below the receiver quartz crystalinted
on a digital venire scale of slow motion, the reeeicrystal could be displaced parallel to the serahd the
samples were put between sender and receiver. arfdes and receiver pulses (waves) were displacadas
traces of cathode ray oscilloscope, and the didieédy time (t) of receiver pulses were recordeith wéspect to
the thickness of the samples (x). The pulses haighiscilloscope (CH1) represents incident ultrasamave’s
amplitude (4) and the pulses height on oscilloscope (CH2) apres the receiver ultrasonic wave’s amplitude
(A) after passing the solution.

Generator and Receiver of Ultrasonic Waves

The ultrasonic wave velocity (v) was calculatechgghe following equation :
v=x/t.... (12)
The relaxation timetj was calculated from the equation(20) :

T=4n/3p VA... ... (12)

Where (t) is time that the waves need to crossdineples (digital obtained from the instrument).
The acoustic impedance of a medium (Z), it wasutated by equation(21):

Bulk modulus (K) is the substance's resistanceniform compression, it is defined as the pressnoeeiase
needed to decrease the volume; it was calculatécgphace equation(22):

K=pVi..... (14)

Compressibility §) is a measure of the relative volume change ddid br solid as a response to a pressure (or
mean stress) change, it was calculated by thewoilp equation(23) :

The absorption coefficient) was calculated from Lambert — Beer law(24) :
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AlAg=e (-aX) ...... (16)

Where (A) is the initially amplitude of the ultrasonic waygd) is the wave amplitude after absorption andgx

the thickness of the sample. Attenuation is gehemadoportional to the square of sound frequencytrs®

relaxation amplitude (D) was calculated from thiéofeing equation where (f) is the ultrasonic frequg(25):
D=o/f........ (17)

3. Resultsand Discussion:

3.1 Rheological properties:

The values of density with concentration are shamviiFig.1) this Fig shows the density is increasimigh
increase of the concentration since the densitindeéfas mass per unit volume and we adding differaight

of polymer to fixed volume of solvent so there &near increment for density. Shear Viscosity isréasing
with concentration as shown in (Fig.2) this atttézito the mechanism that hydrogen bonding of wattached

to oxygen sites, this leads to solvation sheathisiacrease in the size of the molecules so itsogisg (13),
furthermore water act as plasticizer that reducssike strength and increase its chains. Relatigeogity,
specific viscosity and reduced viscosity as shoviigare (3), figure (4) and figure (5) respectivglgssess the
same behaviors of shear viscosity because theyetkfrom it as shown in equations (2,3,4) addingARA
made enhancement for these viscosities becauseigbesity describes a fluid's internal resistaneéween
molecules so when we add polyacrylamide there @l more molecules, the additional forces between
molecules leads to an additional contribution te #fear stress(14). the theoretical intrinsic \@iiEs were
calculated by using philippoff equation and arriienequation. The comparison between our experirhenta
values and the theoretical values obtained by theseequations are shown in table (1). The expadaknt
behavior of viscosity with concentration was atitéxl to the structural change associated with digudlymer
solution and probably indicating entanglement it&on(26).

Intrinsic Viscosity[ﬂ] (di/gm.)
Theoretical
polymers Arrhenius Philippoff Experimental
equation equation
CMC 13.2 13.4 13.9
CMC+ 0.5 gm. PAAM 18.2 18.4 18.8
CMC + 1gm. PAAM 23.2 23.4 24

Table(1) shows comparison between the theoretimhkeaperimental values of Intrinsic Viscosity

Viscosity Average Molecular weights before and raftdding PAAM were calculated by using equation{fje
values of fy] were taken experimentally from table (1) and ¢ants (K) and( a) depending on the polymer type
and shown in the following table (2). The calcutkt®lues of the viscosity-average molecular arevehio table
(2). High represent comparison between the themletialues of viscosity average molecular weighttaimed

by philippoff and arrhenius equations and experitaleralues obtained by using intrinsic viscosity.

Viscosity Average Molecular Weight (W1
The constant Theoretical
4 arrhenius Philippoff Experimental
Polymers a (K) x 10 equation equation
CMC 0.91 1.23 337448.5 343071 357164
CMC+ 0.5gm. PAAM | 0.8 1.8 1803011.9 1827812.5 877615.6
CMC +1gm. PAAM 0.8 2.19 1911194 1931211, 19939254

Table(2) comparison between the theoretical anérmxgntal values of Viscosity Average Molecular glei

(Mv)
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Effective molecular radius for High and Low conaetibn were increased after adding PAAM as shotalite

@3).

Effective radius (r) (cm)
polymers Low Con. x 10 High Con. x 10
CMC 5 6.5
CMC+ 0.5 gm. PAAM 9.2 12
CMC +1 gm. PAAM 10.5 13

Table (3) Comparison between effective radius fighthnd Low concentration

3.2 Mechanical properties:

A useful method of studying mechanical propertiédiquids is based on ultrasound. Figure (6) shdies
relationship between the speed of ultrasound wittoacentration. This figure shows that the velesitof
ultrasonic wave remain constant with the increasth@ CMC polymer concentration. Because of thé lat
interaction or interlock between the solute andresal molecules where the molecules dissolved intol
without the presence of the bonds to binds it, Wwhiakes the free movement of molecules within tieten,
which in turn allows the passage of ultrasound #md helps to make the speed of waves fixed with
concentration. and Adding PAAM increase the velgcthis attributed that ultrasonic waves interadgthw
polymers causing association between the two tgpesolecules that lead to increase the velocity).(AFig.7)
Shows that Ultrasonic relaxation time are incregsifth concentration, also (Fig.7) Shows that ret&on time
increased when adding PAAM this attributed to thet fthat ultrasonic energy depends on viscosityniak
conductivity, scattering and intermolecular proesssthermal conductivity and scattering effects karvown to
be negligible ( 14), (Fig.8) shows that The speciftoustic impedance increasing at increasing cdrateon,
since adding PAAM increased acoustic impedance usecd?AAM polymer chains fills the valances by
swallowing water molecules and be closer to CMC nomolecules(27). the bulk modulus is increasinghwit
concentration (Fig.9). The compressibility is desiag with the increase of concentration (Fig.10H a
attributed to the fact that in Laplace equation1®)( There are inverse proportionality between a@sgibility
and ultrasonic velocity(27). (Fig.11) shows thats@iption coefficient is increasing, this is becauke
attenuation of the ultrasonic wave in liquids isetlmined mainly by the size, shape, and distrilbutibparticles
dispersed in the carrier liquids, this is attrilalte the fact that when polymer concentration iaseethere will
be more molecules in solution this lead to moreratation against wave propagation and the chamgései
particle size distribution function rather than therease in the shear viscosity , the attenuatgonbe attributed
to the friction and heat exchange between thegbastand the surrounding medium as well as to ¢doaylof the
acoustic wave in the forward direction due to sraty by the Particles , increasing of solution aartration
always results in increase of solution viscosity] &ice versa(28). The relaxation amplitude is éasing with
increasing concentration as shown in figure (123 tttributed that the displacement of excited muales
became small because moment of inertia for polymearo molecules reduce (25).

4. Conclusion:

1-Adding PAAM to CMC made enhancement for the visgodincreasing concentration leads to increasing
viscosity because of the mechanism that hydrogemihg of water attached to oxygen sites, this leads
salvation sheaths and increase in the size of thleaules so its viscosity so it can be used akéehicolloid
blend in coating process.

2-ultrasonic absorption coefficient increases wittréasing concentration before and after adding PAguMt
can be used as coated materials for moving bodiesdier not to be detect by ultrasonic technique .

3- also can be used as coated materials for teachimmg and different factories to absorb sound noifes
instruments.

4- When concentration increases the velocity incredisere will be complexes molecules were formetha
solution by the effect of peroxide and roots tletaunded to Network formations between polymerrchaihen
adding PAAM, so the blend can be used as good mediw transferring ultrasonic waves in such medical
instruments.

5- Adding PAAM reduced compressibility this lead tacriease interaction between polymer molecules this
cause enhancement for mechanical properties agaiasbnments .
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