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ABSTRACT

Guar gumisone of thelargely available polysaccharide whichis completely
biodegradable, with high water absortion capacity. It is used in large many
industrial, cosmetic, food and medical applications. 1 % guar gum solution
in water is largely used for making any potential product from guar gum.
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Guar gum is processed by making a solution of it in dissolved water and
subsequently blended or cross-linked or directly asked to prepare arequired
type of product. Thus, it’s very important to understand the rheology of the
guar gum to know its flow behavior during processing. This paper deals
with the various rheological characteristics of 1 % guar gum solution in

water.  © 2014 Trade Sciencelnc. - INDIA

INTRODUCTION

Guar gumisanaturally occurring polysaccharide
found in the endosperm of of the seeds of Cyamopsis
tetragonal obus. It isachemically neutral, free-flow-
ing, off-white colored powder!*2. Itisahydrophilic
heteropolysaccharide consisting of mannose and ga-
lactose monomer units. Mannose formsthe backbone
of the polymer linked together by B-1,4 glycosidic
bonds. Galactose form branches onto the mannose
backbonethrough a-1,6 glycosidic bonds. Theman-
noseto galactoseratio of guar gum has been reported
to be approximately 2 : 18, Guar gum hasvery high
molecular weight of over 2 million. Because of very
good hydrogen bonding and extensiveintermol ecul ar
entanglement, guar gum producesvery viscoussolution
with watert*®l, Water isavery good solvent for guar
gum duetoitsability to form strong hydrogen bonding

withwater molecules®.

Guar gumiswidely used inice-creamsfor water
crystal maintenance and fuctional food for adsorption
of fatsand sterols. It isalso used in industria applica
tionsliketextiled”, explosives®, cosmeticd®, mining™,
etc, and pharmaceutical applicationslike drug deliv-
erylt112 scaffoldg*® etc. Lot of researchisgoing on
utilization of guar gumin preparation of hydroge g4,
Guar gumisamaterial of very commercial and aca
demicimportance. Guar gumisprocessed by makinga
solution of it in dissolved water and subsequently
blended or cross-linked or directly asked to preparea
required type of product. Thus, it’s very important to
understand the rheology of the guar gumto know its
flow behavior during processing.

Therearefew papersdealing with the rheology of
guar gum, however they seem superficid!™8, Wheress,
many other deal with modified guar gum or theeffect of


mailto:st.mhaske@ictmumbai.edu.in;
mailto:stmahske@gmail.com

2 Studies in rheological behaviour of guar gum solution

MMAIJ, 10(1) 2014

Full Poper =

addition guar gumin someother material (5%, This

paper isaimed to understand therheological behavior

of guar gum. Guar gum was subjected to

1) varyingshear rateat different temperatures, and was
noted for viscosity,

2) varyingtimeat three constant shear rates, and was
noted for viscosity,

3) Frequency sweepto know itslossmodulus(LM),
storage modulus (SM) and damping factor (DF)

4) LM, SM and DFat varying temperature, frequency
maintained constant

MATERIALSAND METHOD

Materials

Guargum was purchased from HiM ediaPvt Ltd.
Mumbai, India. Ditilled water was obtained from Bio
Lab DiagnosticsIndiaPvt. Ltd. (Mumbai, India). All
materid swere used as obtained without any modifica
tion.

M ethod

100 ml distilled water wastakenin abesker. It was
added with 1 g guar gum. Mixturewasstirred continu-
ously at 1500 rpmfor 10 h. It was added with 0.05 g
of EDTA, toincreeseitsshdf life EDTA isafood grade
preservative. Solutionwasagan tirred for 2h, tobring
about uniform dispersion of EDTA in guar gum solu-
tion. 1% guar gum solutionislargely usedin preparing
guar gumfilms, hydrogelsor to bring about any other
modification. Prepared guar gum solution was utilized
for rheologicd testing.

Characterization and testing

Rheol ogical propertiesof guar gum solution were
studied usngan MCR 101 (Anton Paar, Austria). Cone
and Plate assembly having diameter of 35mmwasused
to apply shear rate and detect the viscosity. Distance
between cone and plate was maintained constant at
0.147 mm. Dataandysiswasdoneusng RHEOPLUY
32V3.40 21004792-33024.

Effect of shear rate on viscosity of guar gum at
constant temperature

Prepared guar gum sol utionwassubjected tovarying
shear ratesfrom 0.01 s*to 1000 st at different tem-
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peratures. Viscosity was determined at four different
temperatures— 30, 40, 50 and 60 °C.

Effect of temperatureon viscosity of guar gum at
constant shear rate

Guar gum sol ution was subjected to varying tem-
peraturefrom 25 °C to 50 °C at constant shear rates.
Sampleswere subjected to three constant shear rates
—0.1s? 5stand 20 s™.

Effect of timeon viscosity of guar gum at constant
shear rate

Prepared guar gum sol ution was subjected to con-
stant shear ratesof 0.1 s, 5s*and 20 s* for 1200 s
and itseffect on viscosity was determined.

Frequency sweep at varied temperature

Guar gum sol ution was subjected to varying angu-
lar frequency from0.5t0 80 s* and itseffect was ana
lyzed onloss modul us, storage modulusand damping
factor. Amplitudewas maintained constant at 5%. Test
was performed at four different temperatures- 30, 40,
50 and 60 °C. Damping factor is a ratio of loss modu-
lusto storage modulus.

Effect of temper atureon dampingfactor

Guar gum sol ution was subjected to varying tem-
perature — 30 °C to 50 °C and its effect was deter-
mined onthelossmodul us, storagemodulusand damp-
ing factor at constant angular frequency. Test was per-
formed at threedifferent angular frequencies—1, 6 and
20 st

RESULTSAND DISCUSSION

Effect of shear rate on viscosity of guar gum at
constant temperature

Figure 1 plotsthe effect of shear rate on viscosity
at different temperatures. Viscosity decreased within-
creasein shear. In addition, thedecreasein viscosity is
continuous and steady. Thus 1 % guar gum solution
shows shear-thinning behavior. Decreasein viscosity
wasdragtic a higher shear rates, which could bedueto
theruptureof theguar gum polymer chain arrangement
caused by high shearing at high shear rates. Viscosity
decreased withincreasein temperature at same shear
rates. Decreasein viscosity ismoreprominent at lower
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shear rates, wheress, thedifferenceisvery smdl a higher
shear rates, but thedifferenceistill evident.

Temperatureinduced kinetic movement into the
water and guar gum molecules, making them vibrate
more compared to lower temperatures. Thisloosened
theintermolecular forces of attraction between water/
guar gum and guar gum/guar gum molecules, which de-
creased theresistance of the guar gum structureto the
rotating motion of thespindle.

—== Py Paper

Effect of temperatureon viscosity of guar gum at
constant shear rate

Figure 2 plotstheeffect of temperature on viscos-
ity of guar gum solution at different shear rates. Viscos
ity decreased with increasein temperaturefor theguar
gum sol ution sheared at shear rate of 0.1 s*; wheress,
it remained nearly constant for higher shear ratesof 5
and 20 s*. Lower shear rate of 0.1 stisvery low to
bring about rupturing of theguar gum molecular arrange-
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ment in thewater solution. However, theincreasein
temperature loosensthe guar gum molecular arrange-
ment and theintermol ecul ar forces of attraction between
guar gum/water and guar gum/guar gum, leadingto de-
creaseinviscodgity with increaseintemperature. More
and morerupturing of guar gum molecular chanshap-
pen at higher shear rates. Thus, the rupturing of mol-
eculeswill behigher at shear rateof 20 s thanthat at 5
s*. Thisrupturing washigh enough, for thetemperature
to have no effect on theviscosity.

Secondly, viscosity decreased withincreasein shear
rate at sametemperature.Morethe shear rate, moreis
the rupturing of the polymer chain arrangement hap-
peninginguar gum. Decreaseinviscosity isdrasticwith
increasein shear rate.

Effect of timeon viscosity of guar gum at constant
shear rate

Figure 3 plotstheeffect of time ontheviscosity of
guar gum at different shear rates. Viscosity decreased
withincreasein shear rate. However, viscosty remained
nearly constant at apartcul ar shear ratefor varioustime.

Thus, it can be said that, timehasno effect in af -
fecting theviscosity of guar gum. Nevertheless, shear
ratehasasignificant rolein affecting theviscosity. De-
creaseinviscosity isappreciableat aparticular time.

100

Higher the shear rate, higher istherupturing of the poly-
meric chanarrangements. So, viscosity at shear rate of
20islowest and increased with decreasein shear rate.

Frequency sweep at varied temperature

Figure4disaplot, showingtheeffect of angular fre-
guency onthestoragemodul us, lossmodulusand damp-
ing factor of guar gum solution at different temperature.
Storage and Loss modulusincreased withincreasein
angular frequency and temperature. Lossand storage
modulusor 30 and 40 °C is nearly same, but apprecia-
bly improvesat 50 °C. Damping factor is a ratio of loss
modulusto storagemodulus. Thus, higher thedamping
factor moreviscousthematerid is; whereas, lower the
damping factor moredasticthematerid is.

Damping factor decreased with increasein tem-
perature and angular frequency. Thus, the guar gum
solution becomesmore el astic at higher temperature
and angular frequency. Guar gum being avery high
molecular weight material, itschain molecular chains
remain entangleswith each other. Theleve of entangle-
ment increased with increasein temperature, may be
duetothekinetic movement induced at increased tem-
perature. However, damping factor decreased with in-
crease angular frequency, dueto theres stance offered
by the guar gum polymer chainstotherotating spindle.
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Figure3: Plot of viscosity (Pa.s) vstime(s) at different shear rates
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Effect of temperatureon dampingfactor

Fgure5 plotstheeffect of temperatureonthedamp-
ingfactor of guar gum solution at three different angular
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frequencies. Damping factor remained constant with
increaseintemperaturefor aparticular angular frequency.
Whereas, damping factor decreased withincreasein
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angular frequency for aparticul ar temperature.

Thus, temperature has no effect on the damping
factor of guar gum solution. However, theincrease of
dampingfactor withangular ismainly duetotheresis-
tance caused by theentangled guar gum polymer chains,
resisting themovement of polymer chainsto therotat-
ing rheometer spindle. Thus, guar gum behavesmore
asdagticmaterid at higher angular frequencies.

CONCLUSION

1 % guar gum solution in water was subjected to
variousrheologica testings. Guar gum sol ution showed
shear thinning behavior with decreaseinviscosty with
temperature. Temperature had no effect on the viscos-
ity aswell asthe damping factor of guar gum solution.
However, guar gum behaved moreasan elastic mate-
rial a higher angular frequencies, dueto theresistance
caused by the entangled polymer chainsto therotating
rheometer spindle.
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