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ABSTRACT

The catalysis of expandable graphite to esterification of acetic acid with
isoamy! alcohol has been studied. X-ray diffraction spectrum of expand-
able graphite tedtified the existence of H,SO, intercalation reaction. The
influences of catalyst amount, materials ratio, reaction time, expandable
volume of the expandabl e graphite on esterification reaction were studied
through L (3%) orthogonal experiment. Optimum reaction condition were
gained as: n(isoamyl alcohol):n(acetic acid)=1.5:1, w(catalyst with a ex-
pandable volume of 290mL -g*) =7.5% total amount of materials, reaction
time 1.5h, and temperature keeping at the boiling point. Yield of isoamyl
acetate reached 96.0%, and it increased with the expandable volume of
expandable graphite. It was testified that expandable graphite was a kind
of effective catalyst in the esterification of acetic acid with isoamyl alco-
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INTRODUCTION

Expandablegraphiteisakind of new materid which
is prepared through intercal ation reaction of H,SO,
under the condition of chemical or el ectric chemistry
oxidation™2. Itsapplicationisnormaly focused on sedl-
ing materia, adsorbent of oil, after being expanded un-
der high temperature®#, At the sametime, expandable
graphite can be used as solid super acid catalyst for its
loading to H*(>:61,

Isoamyl acetateisakind of flavour reagent with
fruit taste. It istraditionally prepared with H,SO, as
catalyst'. The use of H,SO, often causes the prob-

lems such ascorrosion of equipmentsand pol lution of
environment. Until now, thetried replacersincdudeFeCl,,,
CuSO,, ferric tri-dodecane sulfonate, FeCl./MnQ,,
KH,PO,, sulfonated polystyrene, TISW O, /TiO, and
so on®14, But some shortcomings limit them being
widely applied inindustry such ashigher wastagefor
materids, lower yidd of product or higher costin cata
lyst preparation.

Expandable graphite possessesthe characteristics
of smplepreparing process, lower cost, easy dispersed
and can berecycled for further use such assealingma-
terid or adsorbent. Base on thisreason, the catdysis of
expandabl e graphiteto esterify reaction between ace-
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ticacid andisoamyl acohol isstudied. Theinfluences
of catalyst amount, materialsratio, reactiontime, ex-
pandablevolume (EV) of the expandablegraphiteon
esterification reaction wereinvestigated.

EXPERIMENTAL

I nstrumentsand reagents

WAY refractor (Shanghai, China), Y-4Q X-ray
diffractometer (Dandong, China) and FTS-40 Fourier
transform infra-red spectrometer (AmericaBiorad)
were usedin thisexperiment.

Natural graphite (C, 5092) was provided by Ac-
tion Carbon CO. LTD, Baoding, China.

Acetic acid, iscamyl acohol, H,SO, (96%), H,O,
(26%), KMnO,, Na,CO,, CaCl,,, NaCl wered| ana-
Iytical reagents.

Prepar ation of expandablegraphite
1. Method of C+H,SO,+H.O,

Under room temperature, 4.0g of natura graphite
wasmixed with 10.6mL of 96% H,SO, inabesker,then
a5.2mL of 26% H,0O, was added under stir. After 30
min,productswerewashed with de-ionized water until
pH reached to 6.0~7.0,then dried under 40~60°C and
expandabl e graphite could be gained.

2. Method of C + H,SO,+KMnO,

Under room temperature, 4.0g of natura graphite
was mixed with 6.5mL of 96% H,SO, in a beaker,
then 0.441g of KMnO, was added under tir. After 30
min,productswerewashed with de-ionized water until
pH reached to 6.0~7.0, then dried under 40~60°C and
expandabl e graphite could be gained.

3. Method of C+ KMnO,+H_SO ,+H.O,

Under room temperature, 4.0g of natura graphite
was mixed with 7.5mL of 96% H,SO, in a beaker,
then 0.441g of KMnO, was added under stir. After
30min,productswere dippedin 10.0mL of 4% H,O,
water solutionfor 15min, and washed with de-ionized
water until pH reached to 6.0~7.0, then dried under
40~60°C and expandable graphite could be gained.

Preparation of iscamyl acetate
Accordingto adefinitemoleratio, aceticacid and
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isoamyl d cohol were added into thereactor gppending
stirrer and water segregator. Thereaction lasted acer-
tain timeunder the catalysis of expandable graphite.
Then the products were deal with filtration under
vacuum, washed with saturated solution of Na,CO,,
CaCl, and NaCl, respectively. The upper layer solu-
tion wasdeal with distillation under air pressure, the
fraction corresponding to 138~142°C was collected.
Thedidtillate was anaysed with refractor and IR, re-
spectively, andyield of iscamyl acetatewas cal cul ated.

RESULTSAND DISCUSSION

Analyseof expandablegraphite

1. X-ray spectrum of natural graphiteand expand-
ablegraphite

Totegtify theintercal ation reaction of H,SO,, natu-
ra graphiteand expandablegraphitewereanaysed with
X-ray diffractometer. Asshowedinfigurel, 0.332nm
and 0.167nm weretwo characteristic peaksof natural
expanded. Figure 2 was the diffraction spectrum of
expandabl e graphite. Besidesthe remained character-
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Figure 1. The X-ray diffraction spectrum of natural
graphite
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Figure2: TheX-ray diffraction spectrum of expandable
graphite
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istic peak 0.332nm of natural expanded, anew diffrac-
tion peak of 0.347nm appeared, which testified the
changeof crysta structureand theexistence of interca-
lation reaction.

2. TheEV of expandablegraphite

Expandablegraphite prepared with different method
would contain different dosage of H,SO,, thiscould be
testified by EV of expandable graphite possessed. EV
was detected under 900°C*¥, and the results were
listedinTABLE 1. Thelager EV expandablegraphite
possessed, the higher dosage of H,SO, it would hold.

Optimizing of esterification reaction

Theinfluencesof catalyst amount, moleratio of
isoamyl a cohol to acetic acid, reactiontime, EV of the
expandabl e graphite on esterification reaction were
studied through single factor and multi-factor L (3%)
orthogond experiment(TABLE 2). Optimum condition
wereganed as. n(isoamyl acohol):n(aceticacid)=1.5:1,
o(catalyst with a expandable volume of 290
mL-g?) =7.5%totd amount of materials, reactiontime
1.5h, and temperaturekeeping at theboailing point. Yid d
of isoamyl acetate reached 96.0%.

Influence of moleratio between isoamyl alcohol
and aceticacid on yield

Tofind the condign moleratio betweenisoamyl a-
cohol and aceticacid, theratio of iscamyl dcohol ranged
from 0.4t0 0.7 wastested. Asshowed infigure 3, the
yield of isoamyl acetate increased with the ratio of
isoamyl alcohol when theratio wassmaller than 0.6.
But when it exceeded 0.6, theyield began to decrease.
To high dosage of isoamyl acohol wouldincreasethe
wastage of heat, and debase the purity of product. So
the optimum value of 0.6, namely, n(isoamyl
acohol):n(acetic acid)=1.5:1 should be used.

I nfluence of catalyst dosageon yield

Intherange of 2.5%~7.5% catalyst dosages, yield
increased 4 owly with theamount of expandable graph-
ite. To keep low cost, the dosage of catalyst could be
fixed as 7.5% of total isoamyl alcohol and acetic acid
mass.

Influenceof catalyst EV on yield
In esterification, expandable graphite could trans-
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TABLE 1: EV of expandablegraphiteprepared with different
method

Expandable C+ C+ H,SO,+ C+ KMnO4+
graphlte H»SO,+H,0, KMnO, H,»SO,4+H,0,
EV mL-g* 180 280 290

TABLE 2: Resultsof orthogonal experiment L (3°) for the
synthesisof isoamyl acetate

n(isoamyl w Reaction  Yied of
Number alcohol): (catalyst) time isoamyl
n(aceticacid) /% /h acetate /%

1 151.0 25 25 80.0
2 1.0:1.0 25 15 73.1
3 1.0:15 25 2.0 46.3
4 151.0 5.0 2.0 85.0
5 1.0:1.0 5.0 25 69.2
6 1.0:1.5 5.0 15 46.3
7 151.0 7.5 15 96.0
8 1.0:1.0 75 2.0 63.5
9 1.0:15 75 25 64.9
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(Condition: dosage of expandable graphite (EV=290mL -g?)

equal 7.5%, reaction time 1.5h)

Figure3: Influenceof alcohol/acid moleratio on esterifi-
cation conversion
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fer proton and accel erate reaction rate. Expandable
graphitewith different EV should possessdifferent dos-
age of H,S0,, and then it should have different cata-
lyzing activity. Under the optimum technica condition
as mentioned above, the catalyzing capability of ex-
pandabl e graphite prepared with different method was
tested. From theresultslistedin TABLE 3 we could
deducethat the higher EV the catalyst possessed, the
higher catalyzing activity it should have, and thehigher
yield of isoamyl acetate should be obtai ned.
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TABLE 3: Influenceof EV of expandablegraphiteon eterifi-
cation*

EV of expandable

. 4 180 280 290
graphitemL-g
Yield of isoamyl
80.0 90.0 96.0
acetate%o

*Condition: n(isoamyl alcohol):n(acetic acid)=1.5:1, w(catalyst)
=7.5% , reaction time 1.5h

TABLE 4: Influence of different catalyst on esterification*

H,SO, Expandable
CatalySIS K H2PO4 i FeC|3'6H 20
(96%) graphite
Yield of
isoamyl 92.8 91.2 96.0 72.9
acetate %

*1. KH,PO, see referencet

I nfluenceof reaction timeon yield

Intherangeof 1.5~2.5h, theinfluence of reaction
timeonyieddwasvery smdl. Toinsurethethroughput,
1.5hwasused.

Selection of dehydrolyzing agent

Whenthemoleratio of n(isoamyl dcohol) : n(acetic
acid)=1.5:1 was adopted, the superfluousisoamyl al-
cohol would play therole of removingwater produced
inthereaction. At the sametime, isoamyl a cohol col-
lected by water segregator could be reused. So no ad-
ditional dehydrolyzing agent needed.

I nfluenceof different catalyst onyield

Catalyzing capacity of expandable graphite was
compared with some catal ystsreported in reference.
Theresultslistedin TABLE 4 illustrated expandable
graphite possessed higher catalyzing activity.

2. FeCl-6H,0 seereference!®

CONCLUSIONS

Through orthogona experiment, the optimum con-
dition to prepare isoamyl acetate were gained as:
n(isoamyl acohol): n(aceticacid)=1.5:1, w(catayst with
aexpandabl e volume of 290mL-g1)=7.5%, reaction
time1.5h, and temperature keeping at the boiling point.
Yield of isoamyl acetate could reach 96.0%.

Expandabl e graphite possessed higher catalyzing
activity in esterification of iscamyl acohol with acetic
acid. Theprocesshad thecharacteristicsof smdler mole
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ratio of isoamyl acohol to acetic acid, shorter reaction
time, and higher yidd.

Asakind of polyphase catalyst, expandable graphite
could be used in organic reaction which had proton
transfer.
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