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Abstract: Uncross-linked carboxymethyl cellulose (CMC) / stablend used to prepare two hydrogels; the fgstross-
linked CMC / starch with aluminum sulfate octadeahlate cross-linker and the second is SHNCs maturiad from
incorporation of 0.3wt% nano graphite oxide (GO}he above cross-linked blendiscoelastic and rheological properties of
these two hydrogels were studied and compared thvithuncross-linked blend. Results showed that tbsselinking process
increases the blend miscibility and converted itriscible blend. The SHNCsydrogel has the highergind the uncross-
linked blend has the higher TanGO addition causes increment in some viscoelastiameters such as G*, G', and G", and
decrement in damping parameters and make the dgrbpimavior more stable at lower frequencies, andesincrement for
all rheological parameterg¥, n., n: » and G°). GO addition leads, also, to the absence of hlearsthickening behavior and
increases both the entanglement density and thecolar weight average. Both hydrogels exhibitedabrmolecular weight
distribution (MWD) and highly cross-linking degread their elastic behavior predominates; makes thgith specially at
higher frequencies.
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1. Introduction

Polymers composed of long molecular chains havgueni Brownian motions, and they tend to return the mdkes
viscoelastic properties, which combine the charaties of towards the equilibrium, i.e., to the energeticallyost
elastic solids and Newtonain fluids [1]. preferable state, after being oriented by applyieéprming

Viscoelasticity makes the material's response tesst stress. This will not however, occur immediatelytenf
strain behavior time dependent and their deformatioremoving the stress within a certain relaxation etim
partially reversible. Polymer melt considers as @n-n dependent on the molecular characteristics of thenper [2].
Newtonian fluid. This behavior can be attributed its In the dynamic mechanical thermal analysis (DMTihg
molecular structure. Polymers consist of long males that mechanical response of a viscoelastic materialidiesd as a
entangle with each other, forming several flexibéversible function of temperature and time, while it is sulbgel to a
"joints". These enable different conformations dfiet sinusoidal strain[3]. For viscoelastic materialdTA and
molecules by a rotation along the backbone andec#lus rheological tests can be used to:
elastic behavior of polymer melts. The chains dan anove 1- Determine the viscoelastic parameters (G*, G/ ,t&hs,
with respect to each other by a crawling kind ofveroent n*, no) as a function of temperature, frequency or ti@eis
called reptation. These rotation and reptation oaoy above the complex modulus reflects the contribution ofhbelastic
the glass transition temperature of the polymer @aked and viscous components to the material's stiff{ess.1)
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and measures the material's stiffness (its abtlityresist 2. Exper imental Part

deformation). 2 1. Material
1. Materials

G*=G'+G"[4] 1)
Carboxymethyl Cellulose (CMC) and corn starch were

G' is the elastic or storage modulus, G" is theots or obtained from HIMMEDIA Laboratories Pvt. Ltd. Compa
loss modulus, which measures the energy dissipggdukat (India) . Aluminum Sulfate Octadecahydrate croa&édr was
and tand is the damping coefficient or loss tangent, whgh obtained from REACHIM Company (USA). Nano graphite
the ratio of loss and storage moduli(G/G"= t&nh and oxide was obtained from Alibaba company (China).
measures the internal friction [2).is a phase angle between _
stress and strain(a measure of viscous response). 2.2. Preparation of the Two Hydrogels

Complex viscosity 1{*) measures the material's overall To prepare the cross-inked CMC/starch hydrogel, an
resistance to flow as a function of shear rateh&nrange of appropriate amount of starch dissolved in distilledter
low shear rates, the viscosity of a polymer sohitis ) ysing water bath 8G for 45 minute and added to
independent of the shear rate. This viscosity itedathe CMC aqueous solution. Then, the new mixture agitdte
zero-shear viscosity. [5]. o an hour at 7¥C. The result paste was dried overnight at0Q0

2-Give information about shear-thinning and sheap.y cryshed. To prepare the SHNCs hydrogel, aisolof
thickening behaviors: Shear-thinning occurs in thiem of nano GO/DW was mixed with sonication for 10 minuiesl

reduction in viscosity as the shear stress inceef®EThis added to the CMC/starch mixture (0.3 wt%) and adidvio
reduction is due to molecular alignments an ix for addition 30 min

disentanglements of the long polymer chains. Shear
thickening occurs due to the increasing the vidgosith the  2.3. Tests

deformation rate. Therefore shear thinning indisatigid ] . .

systems while shear thickening reflects flexibled afilute ~ 2-3-1- Dynamic Mechanical Thermal Analysis (DMTA ) Test
chains [7]. Also, more shear thinning implies aheigdegree ~ DMTA of the powdery sample (mesh 35-100) was
of long chain branching [8]. performed using a DMTA—Trlton , model (Tl:lteC ZO(MIA),

3- Specify whether the molecular weight distribotio England. The experiments were carried out in the
(MWD) is narrow or broad. Higher shear thinningpiies ~{mperature range of 20- 300°C, heating rate ofr&hCand
broader MWD, which in turn implies more elasticiapd this frequency of 1 Hz in bending mode ,with 1% mm
in turn implies longer stress relaxation. displacement.

4- I(_jentifies transition regior_1§ such ag, Ty, and 535 Rheology Test
recognize the secondary transitions that are beyiad

resolution of DSC[9]. T is a reversible change of the (1.00 g sample in 5.0 mL distilled water) were perfed
polymer between rubbery and glassy states, andbean qing "3 paar-Physica Oscillatory Rheometer (Modulur
measured accurately by DMTA. In fact, DMTA is cafesied Compact Rheometer, MCR300, Germany) with paralitep

the most sensitiye method f_or measuring a materiglas a geometry (plate diameter of 25 mm, gap of 3 MNPBAC.
sudden change in the elastic modulus and an atiepeak

in the tand curve[10]. DMTA, also, tells much more about

The rheological measurements of the water-swollels g

the material before and after thg T 3. Resultsand Discussions
5- Determine the degree of entanglement density@)g 31 pMTA Results
equation 2: o

o Figure 1 shows a temperature sweep test on CM@thsta
N =——[11] (2) blend without cross-linker. With the temperatureréase, a
rapid decrease in complex modulus (G*) occurs aedans

Where G’ is the elastic or storage modulus, R & thyyrve goes to its maximum: the polymer is in thetestof
universal gas constant and T, is the absolute teatyre. glassy transition.

6- Differentiate between cross-linked and an Uurg&fos  The Brownian motion of an individual chain is lalkge

linked polymers: The G " is much higher than thef@'the  ipipited by the other molecules surrounding it. aihthe
uncross-linked polymer solutions and is mainlyiltiied 0 temperature increased, the Brownian motion of thairs
the higher viscous property as compared to el@stperty  g,gment and the free volume around the polymernshai
over the entire frequency range. While the G' ghbr than ;,creases. which means easier flow.

the G" for the partially cross-linked polymer sadumts. For Near T, , the polymer viscoelastic properties change very

hydrogel which are highly cross-linked polymer netks, qyickly both with time as well as with the changing
both G' and G" are very high and are nearly pdrel@ach temperature.

other[12]. o Peaks in tars and in G* can be associated with thg,T
7- Measure the rubbery plateau modulus which ismuGyhich corresponds to the ability of chains to mgest each
more sensitive than is;Tor detecting, for example [10]. other.Therefore, based on the ténpattern, the uncross-

linking CMC/starch blend shows two {3) at 234.6 and at
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265.38C respectively, which indicates that this blendstiffness of GO in comparison with the neat ble@@, also
without cross-linker is a partially miscible blend has many functional groups which having the tengeic
Secondary transitions3) observed as well in the rangeinter- and intra-molecular interactions which riestichain
between 61.5% to 80.77°C due to the local motion of the movements.
polymer chains as opposed to large scale co-operatotion Tan & value before Jis considerably higher in uncross -
that accompanies the,. T linked CMC / starch blend than in cross-linked bleffhis
As shown in Figure 2, cross-linking process incesathe indicates that the energy dissipation ability isréased with
blend miscibility and converted the blend from it incorporation of the cross-linker to the gel stuwet The
miscible ( has two Js; 234.8C and 265.3%) to miscible chain movements of uncross-linked CMC /starch blarg
blend with one I, which is 248C. This gel displays a glassy significantly easier than those of cross-linkednble The
state at room temperature. same conclusion can be observed for the additiocOf
Incorporation of 0.3wt% GO in the cross-linkedsheets, which can be attributed to the fact thataithditional
CMCl/starch blend; in SHNCs (Figure 3) increasgsrdm interactions in th&HNCs limit the energy dissipation ability.
248C to 273C) . The reason can be attributed to higher
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Dynamic Properties vs Temparature
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Fig (5). G',G" andy* for the SHNCs hydrogel versus angular frequency

Above the glass-rubber transition temperaturg; large
parts of the chain are free to move; their therarargy is
high enough to overcome the interaction forces, tandree
volume increases with increasing temperature. Tdignger
is , however, not yet in the liquid condition; tbeiled chains
are mutually entangled. Though the chain entangisnare

At higher frequencies, chains haven't enough timeetax,
thus became more disentangle; viscosity decreased[2
Generally, Figure 4 shows the strong effect of terapure
upon the viscosity (decreased from 10000 to 126)Pahich
can be attributed to the molecular structure. Ugual
complexes structures such as NaCMC exhibit strdferta

not permanent, because they are being disruptett wiby temperature due to its rings, pendant groups baanches.

increasing temperature and also with increased tohe

loading, they act as temporary, physical crosss[ibR].
3.2. Rheology Results

Figure 4 shows G'G" andy* for the cross-linked

It is clear from figure 4 that G' is higher thare t&" and
both G' and G" are very high and are nearly pdradleach
other, which indicates that this hydrogel is higldsoss-
linked .Both G' and G" tended to increase at higher
frequencies, but the increment in G' is higher tharG",

CMCIstarch blend. The plateau modulus (entanglemeMfhich means that the h);drogel tend to be moreielast
modulus ;G°) extends over angular frequency up to about 10 1he addition of 0.3wt% GO sheets causes the viscusi

s', then the blend exhibits glass to rubber transiticand
finally shows glassy state at higher frequencies[2]

increase in all frequencies(Figure 5 and Table Higkv
indicates the high interaction between GO sheetslz neat

The complex viscosity* decreased from the zero-shearP/€nd components, therefore, the entanglement me(a|°)

viscosity {j,=10000Pa.s) at low frequency= 0.1s") to 70
Pa.s at intermediate frequenay=@5s") and then increase
to n; =120 Pa.s at higher frequenay=(100 $Y). Initially (at
low frequencies), the chains may be highly tangsea
intertwined (highly mutual wrapping of polymer chai
around each other) , thus the Brownian motion ssifficient
to overcome the entanglement forces between thgmeol
chains, and with increasing the frequencies up %s'3

extends over larger angular frequencies rangeo @bout 12

d s'(in the expense of the glass to rubber region).

In view point the molecular weight, GO additionrieases
the molecular weight average since there is a flinelation
between the intrinsic viscosity and the molar me3s(
according to the Mark-Houwink relation:

[n] = k. M*[13] ®3)

motion increased and the chain begin to untangld ann which k anda are constants for a given combination of

straighten( became uncoiled ,more alignment ancerapart
from others); slips easily, therefore, the visgodiécreased.

polymer, solvent and temperature[13].
GO addition, also, increases the zero-shear viggosi)
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six times due to the increment in the intermoleculamiscible blend with one gl
interactions[5], and disappeared the variationS'lrat lower 2- Incorporation of GO in the cross-linked CMC/starch
frequencies ; make the damping behavior more stable blend; in SHNCs increaseg ffom 248C to 273C.

Since that the degree of entanglement density(N) e 3- Tand value before J in uncross-linked CMC/starch
calculated from storage modulus data (equatiornt Zan be blend is higher than in both the cross-linked blendn the
concluded from Table 1 that the value of the edtangnt SHNCs.
density(N) for SHNCs hydrogel is 4.99 times higttean its 4- GO addition causes increment in some viscoelasti
value for the same blend but without GO, which ¢ parameters such as G*, G', and G" (5.41, 3.99,8andimes
attributed to the contributing of the functionabgps (those respectively), and decrement in damping parametgck as
available on the GO sheets surfaces) to interfaitk the & and Tand and make the damping behavior more stable at
functional groups inherently exit in the CMC/starlend, lower frequencies.
which leads to increasing the entanglement betwien 5- All rheological parametersgy{, no , nr , and G°)
homopolymers(CMC, and starch). increased due to the GO addition( 6.8, 6 , 1.6&l,1a2 times

GO sheets addition, increases the complex modulis 5 respectively).
times because the additional chain entangleme®® @mes) 6- G' and G" profiles indicate that both hydrogel®
inhibits the relative chain motion. It should betew that highly cross-linked.
even though secondary intermolecular(e.g. Van dealgy 7- GO addition leads to the absence of the shézkething
bonds are much weaker than the primary covalens,oae behavior and increases both the entanglement gensit
significant intermolecular force result from therfation of  N(about five times) and the molecular weight averag
large number of Van der Waals interchain bonds. 8- Both hydrogels exhibited broad MWD and in the whole

GO sheets leads, also to the absence of the shdéaquency of the LVE range, the elastic behavior
thickening behavior due to the strain hardeningeaff predominates over the viscous behavior and the lewol
because with the increasing density of nanopasticthe hydrogels becomes rigid.

SHNCs hydrogel become stiffer and more fragile. 9- With increasing frequency, hydrogels flexibilitg

This behavior suggests that the breaking of thdiminished and the swollen hydrogels becomes isingsy
nanoparticles interactions dominates the onset hdfars rigid.
thinning[8].For both hydrogels, since G' is higliean G" in
the whole frequency range of the linear viscoetaftVE)
range, the elastic behavior of the both hydrogelReferences
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