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Kinetics models to describe the synthesis of benzyl acetate

Zhang Yongmel
Liaoning Shihua Univer sity, Fushun, Liaoning, (P.R.CHINA)

ABSTRACT

Two types of kinetics equations have been applied on benzyl acetate
system. One kinetics equation is the second order reaction by addition of
strong acid cation exchangeresinloaded Fe** asacatalyst. Another kinetics
equation is the secondorder reaction by addition of silicotungstic acid as
a catalyst under the condition of ultrasonic radiation. The results show
that both kinetic equations may predict the distribution of product and the
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experimental value is in agreement with the quantitatively analytical

conclusions drawn from the calcul ated value.
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INTRODUCTION

Benzyl acetaeisacolourlessoily liquid. Itisnaturaly
foundinmany flowerssuch asjasmine, ylang-ylang and
tobira. Itsmolecular formula, mdting point, bailing point,
relativedengty (16 °C), refractive index n * andflash
point are CH_0,, 50 °C, 213 °C, 1.057, 1.5232 and
102 °C, respectively. Benzyl acetate is hard to dissolve
inwater, but benzyl acetate and other organic solvent
such asdcohol and edter, etc. arecompletdy misciblein
al¥. Duetofloral fragranceandlow price, itiswidely
used in different areas such as soap class essenceand
other industrid essence, etd. Benzyl dcohol with con-
centrated sulphuric acid asacatayst reactswith acetic
acid to synthes sebenzyl acetate. Concentrated sulphuric
acid hasalot of disadvantagesal so except severd ad-
vantages, such aslongreactiontime, low yield and purity
of benzyl acetate. Large amount of wastewater isdis-
charged to causethe problem of environmenta pollution
and equipmentsareserioudy corroded a thesametime3.

In the present paper, two types of kinetics equa-
tions have been discussed. The second order reaction

by addition of strong acid cation exchangeresinloaded
Fe* asthecatayst and addition of silicotungsticacid as
the catalyst under the condition of ultrasonic radiation
have a so been pointed out.

DISCUSSION

Thesecond order kineticsequation by addition of
strong acid cation exchangeresin loaded Fe** as
the catalyst

Jiang Hongzhi™ used strong acid cation exchange
resinloaded Fe** asthe catalyst and benzyl a cohol and
acetic acid asfeedstocks. He studied effects of differ-
ent reaction conditions such asthereaction tempera-
tureand theamount of strong acid cation exchangeresin
loaded Fe** on theyield ofbenzyl acetate. TABLE 1
showed that theinitial reaction rateincreased with an
increaseintheweight ratio of strong acid cation ex-
changeresinloaded Fe** to acetic acid at thesamere-
action temperature. On the other hand, theinitial reac-
tion rateincreased with anincreaseintheresctiontem-
perature at the sameweight ratio of strong acid cation
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exchangeresinloaded Fe** to acetic acid.

TABLE 1therelationship betweentheinitia reac-
tion ratesand different reaction conditions

Note: ¢, and ., mean the weight ratio of strong
acid cation exchangeresin loaded Fe* to acetic acid
andtheinitia reactionrate, repectively.

It issupposed that the reaction of benzyl acetateis
the second order reaction. Itsreaction rate (Egn. (1))
iswrittenasfollows.
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Where ., - thereaction rate, oz ! min~!.

@ -thefunction of thecatalyst.

C ~ ~theweight ratio of strong acid cation exchange

resin loaded Fe* to acetic acid, g-g L.

i—ﬂ - the pre-exponentid factor, 1 _ma;_l .mjn_l-
E, -theactivationenergy, 7.,,0r~!.

R -thegasconstant, 8 314.J-mol LKL
T -thereactiontemperature, k.
C ; - theacetic acid concentration, ;,,07.7~ 1.

C’g - the concentration of benzyl alcohal, ;. L—l.
Cg -theconcentration of benzyl acetate, ;0] L—l.

Chy- - water concentration, mol-I” L.

K -theequilibrium constant.
Eqgn. (1) istransferred to Egn. (2) at agiventempera:
ture. Eqn. (2) iswritten asfollows.

E
a

~rg=0(C, ke BT (C 44Cpp) @

£, 7

Itissupposedthat ,_, .~z and /=& .
(2) issmplifiedto Egn. (3).

f=4x9(C,) (©)
Thereationship (Egn. (4)) betweentheinitia reaction

rate and theamount of the catalyst isobtained based
onTABLE 1.
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Eqgn. (4) issmplified to Egn. (5) when theamount of
the catalystisaconstant.
E E
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It is supposed that .:::C’rﬂ'?ggzkﬂand b=—?ﬂ.

Eqn. (5) istransferred to Eqn. (6).
b

Fegil (6)

b
T is calculated with the linear regression based on

TABLE 1. Thar resultsare obtained asfollows.
a=137293.19 )

TABLE 1: Therdationship between theinitial reactionrates
and different reaction conditions

Cc (ga,t) Temperature(x) T (moI-L_l-min_l)

0.0333 353.2 0.0333
0.0667 353.2 0.0609
0.1000 353.2 0.0848
0.1333 353.2 0.1062
0.1667 353.2 0.1214
0.0333 323.2 0.0060
0.0333 333.2 0.0116
0.0333 343.2 0.0202
0.0333 363.2 0.0573
b=6634.5 ®)
Thefind kineticsEgn. (9) iswritten asfollows.
_s6345 :
—?'A=2..081><106 x(}o'?ggze r x(CACB Cf;ﬁ;) ©)

Figure 1 showsthe rel ationship betweenthe ca cul ated
vaueandtheexpeimentd vaue Theexperimentd vaue
isinagreement with the quantitatively analytica conclu-
sionsdrawn from the cal culated value. Furthermore,
themaximumrelativeerror islessthan 10 %, soit can
predict thedistribution of product.

Thesecond order kineticsequation by addition of
slicotungsticacid asthecatalyst under thecondi-
tion of ultrasonicradiation

Chen Xi8 used H,SO, asthecatal yst and explained
thereasonsfor itsuse. Thereaction conditionswere:
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ultrasonic frequency (10k Hz), ultrasonicintensity (1.0
W cm?) and theair velocity (0.3 L min?). Themaxi-
mum yield of benzyl acetate was 65.8 %. He supposed
that thereaction of benzyl acetateisthe second order
kineticsreaction. Itskineticsreaction Egn. (10) iswrit-
tenasfollows.
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Figurel: Thereationship between thecalculated valueand
theexperimental data

dc

F=— d:‘i =kc A°B (10)
47407 (1)
fB :fBD_I (12)

Where . - thereactionrate, mor.r ! min!.
C ; - theacetic acid concentration, mol-L .
C5 - the concentration of benzyl alcohol, mol L.

€ 40 - aninitial acetic acid concentration, umf‘-L_l.
€po - theinitial concentration of benzyl alcohal,

mol -L_l.

It si supposed that Y=cpo—c 40 soY=cp—c,
or cg=c 4 +I isobtained.

Eqgn. (10) istransferred to Eqgn. (13).

.rz’cd .
» =ke 4 x( ¥ -H‘A}

(13)

Eqgn. (13) isintegrated to get Eqn. (14) and Eqgn. (15).

= Microreview
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H=—s=lnl—+1)+C
y o+ (14
A
1 ¥

1 ¥
¢ hasalinear relationship with 72—+, sothisis
A
used inArrhenius Egn. (16).

E
Ink=——+In 4
RT (16)

Where E - activation energy, j.7. mog_l.

A -thepre-exponential factor, 1 o e §
R -thegasconstant,ggmg.mﬂrlg—l.

T -thereaction temperature, k.

Ink and % are calculated with the linear aggres-
son. Theexperimentd resultsarelistedin TABLE 2.

TABLE 2: Parameter sof reaction kineticsof benzyl acetate

E A
TooInk
(x) (kJ-mol 1) (10 Loty
363 -9.026
373 -8.531 59.12 10.555 3.863
383 -8.001

Thefinal kinetics Egn. (17) with the addition of
slicotungsticacid asthe catd yst under the condition of
ultrasonicradiaioniswritten asfollows.

p 5.912x10%

c R =

A _3 863x10% xe RT ¢ ,xc
d}‘ A B

(17)

CONCLUSION

Using benzyl dcohol and acetic acid asfeedstocks
and strong acid cation exchangeresin loaded Fe** as
the catalyst, the second order reaction by addition of
strong acid cation exchangeresin loaded Fe** asthe
catalyst and addition of silicotungstic acid asthe cata
lyst under the condition of ultrasonicradiation havebeen
discussed. Inthispaper, the author hasfound that two
types of kineticsequationslead to and areclosely in
accordancewith predicting the practical experimental
values. Theyield of benzyl acetateisaccurately esti-
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mated. Thetwo types of kinetics equations point out
that adeeply comprehending reaction mechanism of
benzyl acetatenot only hasavery important Sgnificance,
but d so providesatheoretical foundationfor the chemi-
ca plant. Itisimportant for the reaction of benzyl ac-
etateto design and operate rightly and optimizesthe
reaction processing and may increasetheplant’s ben-
efits. Thismathematica method iseffective, economic,
smpleand convenient and thusit issuitablefor refiner-
iesinChina.
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