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ABSTRACT

This article discusses comparative investigation of etherification reaction
kineticsof cotton and microcrystalline cellulose, in heterogeneous conditions
by solid-phase method in the special adiabatic reactor. On the basis of the
received results, activation energy, constant of reaction rate, pre-exponential
factors and specific thermal effects of carboxymethyllation reactions of

cotton and microcrystalline cellulose were determined.
© 2014 Trade Sciencelnc. - INDIA

INTRODUCTION

Carboxymethyl cellulose (CMC) isone of themost
spread and industrially large-tonnage madding ethers
of cdlluloseswhich technical marksarewidely gpplied
invariousbranches, such asinail, gas, hydrometalur-
gicd, oredressing, textile, buildingindustries. Purified
marksare applied in food, cosmetic, pharmaceutical,
medica industriesandin production of synthetic wash-
ing-upliquids*9.

Synthesisprocessof CMC from celluloseand cdl-
lulose containing raw materia sconsiststo two stages—
mercerization and etherification of cellulosg®.

Alkdinetreatment and etherification reaction of cdl-
lulosecan beprovidingwith or without using of organic
solvents, to be more precise in suspension
(pseudohomogenous) or heterogeneous (solid-phase)
conditiond”.

Oneof theadvantages of heterogeneous solid-phase
method of CM C synthesisissimplicity, absence of pro-
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duction wastes, fire safety. Oneof problem at redliza-
tion solid-phase method isdifficulty of forecasting of
products quality. The reason could be the absence of
quality control sufficient possibility in etherification pro-
cess, difficulty of managing temperature of reaction and
so on. Consequently, thosefactorsdirectly influenceto
degreeof polymerization and distribution of carboxym-
ethyl group aongachain of cellulose macromol ecules.

They a so depend on hightherma effects, thehigh
rate of carboxymethyllation process, sdereactionsand
complexity of heat removing.

Comparaiveinvestigation of etherification reaction
kineticsof cotton and microcrystalline celluloseinthe
specia reactor, in adiabatic condition by solid-phase
method will beinvestigatedinthisarticle

MATERIALSAND METHODS

Experimentswerecarried outinidentica conditions
that used astheinitia raw materidsof microcrystdline
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and cotton cellulosein the process of CM C synthesis.

In order to study of microcrystalline cellulose
(MCC) carboximethyllation aspecid adiabatic reactor
whichisheat-insulated from externa heet exchangewas
used(®.

Thereactor cong sted from heat-insulated reaction
chamber head-insulated by polystyrene, densdly which
supplied withthermometer. They were used asthere-
action components.

e cotton cdlulose (4-6mm);

e microcrystalinecdlulose (160 um);
o 20%of akainesolution;

¢ sodium monoclorine acetate.

Solid-state carboxymethyllation microcrystalline
cellulosein adiabatic condition

AlkaineMCC was prepared with adding required
amount of 20% of akalinesolution & pilot installation
by combination of mixingand grinding stages. Thepe-
riod of akalinetreatment was continued 60 minutes at
167 b (R85 2\ sodiummonochlorineacetateadid
wasadded and mixed at 16° . Itisexperimentally es-
tablished that possibility of alkaline hydrolysisof so-
dium monochl orineacetatethe beginning of etherifica-
tion reaction was practically excluded.

Therecaived mixturewasfagtly loadedintotheadia-
batic reactor. Registration of temperature changewas
measured until completing of reactiontemperaturein-
creasing of exothermic reaction during 2,0-2,5 hours
with determining of DS obtained CMC.

Onthebasi sof the obtained results, activation en-
ergy, reaction rate, constant of reaction rate, pre-ex-
ponential factor and specific heat effects of
carboxymethyllation of cotton and microcrystalinece -
|ulosewere determined by using MathCAD software
package.

RESULTSAND DISCUSSION

Conduction of theprocessof carboxymethyllation
inadiabatic conditionsalowing comparetherateof tem-
perature change with the rate of changing degree of
reaction product substitution istake asabase of this
experiment.

Investigation of carboxymethyllationreaction of d-
kalineM CC and cotton cellulosein adiabatic condition
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showed that themaximum temperature of etherification
reaction reached for MCC and cotton cellul ose, after
150 and 240 minutes, respectively, takinginto account
heat exchangeto surrounding wasexcluded (Figure 1).
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Figure1l: Dependence of etherification temperatures of
cotton cellulose(1) and MCC (2) ontime

The maximum temperature of reaction during the
etherification of akalinecotton celluloseand MCCis
directly dependson surface areaof raw materials. And
the average length of cotton cellulosefibers are 4-6
mm, thesizeof MCC particlesare 100-160 mkm. The
specific surfaceareaof MCCissgnificantly larger, than
akalinecdlulosein massunit. Probably, becauseof this
reason exothermic reaction temperatureishigher at the
process of carboxymethyllation of MCC.

Carboxymethyllation of dkainecotton cdluloseand
MCC inthiscondition a so gaveinformation about de-
pendence of DS valueswith duration of thereaction
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Figure 2 : Dependence of CM C degree of substitution on
duration of etherification, obtained from cotton cellulose (1)
andMCC (2
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(Figure2).

AsshowninFigure2, thetemperatureisdirectly
proportional to DSfor cotton and MCC. Increasing
duration of etherification processDSof MCCisdra
matically growsto DS 0,86 during 130 minutes and
thaninggnificantly changes. At thesamecondition, DS
of cotton celluloseismoderately increasesto 0,65 dur-
ing 240 minutes.

Onthebasisof obtained datum, speedsof etherifi-
cation reactionsof cotton celluloseand MCC werede-
termined (Figure3).
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Figure3: Dependenceof therateof etherification reaction
of cotton cellulose(1) and M CC (2) on experiment time

ItisseeninFigure 3, etherification reaction rate
sgnificantly higher incomparisonwith cotton celulose
and MCC inthe process of etherification of alkaline
M CC by sodium of monochlorine acetatic acid, reac-
tion speed israpidly growsand reachesto maximum
valueat 40 minutes. After that, reaction speed of MCC
etherification dramatically falsto 160 minutes.

At the samecondition, increasing of etherification
reaction speed of alkaline cotton cellulose begins after
30 minutesand then sharply risesto maximum value of
reaction speed during 150 minutes. Further, reaction
gpeed rgpidly increases and after 240 minutesit reeches
to 0. Reduction of reaction speed can be explained
thatdecreasing of monochlorine acetatic acid sodium
concentration.
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Figure4: Dependenceof the constant of r eaction speed on
temperature

and datum of inFgure 1 weredefined congtant of etheri-
ficationreactionspeedat K = f (7) (Figure4).
WhereK - constant of reaction speed; DS, —limit of
DS.

‘Corresponding to the val ue of described by the
equation of Arrhenius, determined activation energy
E=3,088-10* J/mol, pre-exponential factor
A=1,641-10° 1/sec and specific thermal effect
Q,=1789 kJkgfor etherification of MCC.

And aso, thosevauesinthe processof etherifica
tion of cotton cellulose equal to: activation energy
E=4,757-10* J/mol, pre-exponential factor
A=6,413-10° 1/sec and specific thermal effect
Q,=1079 kJ/kg.

CONCLUSIONS

1 Comparativeresearchesof etherificationkinetics
of cotton celluloseand MCC in adigbatic condition
by the solid-phase method have been carried out.
It was established, that etherification reactionis
described by the equation of the pseudo-first or-
der.

2 Theetherificationreaction speedof MCCinadia
batic condition significantly higher than etherifica-
tion of cotton cellulose which can beexplain that
the surface of MCC aslarger than surface of cot-
toncdlulose.

3 Moreover, experimentally determined and com-
pared activation energy, pre-exponential multiplier

—r—,  \lBCromolecules

Au Tudian Journal



72 Kinetics of solid-phase carboxymethyllation of cotton and microcrystalline cellulose MMAIJ, 10(2) 2014

Full Poper =
and specificthermal effectsof etherificationreac- [5] Sh.A.Yuldoshov, T.S.Saypiev, A.A.Sarymsakov,
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231 (2012).
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