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DESCRI PTI ON i PROCESS FOR PRODUCI NG AN ESTER TECHNI CAL
FIELD ° The present invention relates to a process for 5 producing
an-ester such as a plasticizer to be used for vinyl chloride resins.
BACKGROUND ART Heretof ore, a process for producing an ester to be
used for e.g. a plasticizer, by an esterification 10 reaction of an acid
and an al cohol, has been w dely I ndusflrially carried out. In such a
process for produci ng an ester, an acid catal yst such as sulfuric

acid or p-toluene sulfonic acid, or @ESCREEBTIONMEt al catal yst of e.g.
Ti or Sn, has been commobnly used as a 15 catalyst. And, in a case where an
acid catal yst such as PROCESE NEOR UPREDUCING iAN IBSTRR be used, the
reaction can be effected at a relatively |ow tenperature, but there is
a probl em sucTROENIGAL: MIRIOCct s are substantially formed. When an
organic netal catalyst is used, formation of by- 20 products is little,

but there is a prdterprdsant tinwention medesssr fot 8 pre¢ase £AT reaction
tenperature, whereby t he energy cost tends to be high. Thi s
esterificati orprashitingn ars estiegypispgh as a plasticizer to"be used for

vinyl chloride resins.

BACKGROUND ART

Heretofore, a process for producing an ester to be
used for e.g. a plasticizer, by an esterification
10 reaction of an acid and an alcohol, has been widely
industrially carried out. In such a process for
producing an ester, an acid catalyst such as sulfuric
acid or p-toluene sulfonic acid, or an organic metal
catalyst of e.g. Ti or Sn, has been commonly used as a
15 catalyst. And, in a case where an acid catalyst such as
p-toluene sulfonic acid is to be used, the reaction can
be effected at a relatively low temperature, but there is
a problem such that by-products are substantially formed.
When an organic metal catalyst is used, formation of by-
20 products is little, but there is a problem that it is
necessary to elevate the reaction temperature, whereby
the energy cost tends to be high.
This esterification reaction is a typical
equilibrium reaction, and in order to increase the field
25 of the desired ester, it is common to employ a method
wherein the starting material alcohol is used usually in

excess of the theoretical amount (stoichiometric amount),



A

equilibriumreaction, and in order to increase the field 25 of the desired
ester, -it is coomon to enploy a nethod- wherein the starting nmateri al

al cohol is used usually in excess of the theoretical anount
(stoichionetric anmount), 2

and by-product water acconpanying the esterification reaction is
continuously w thdrawn out of the system 2s a nethod for renoving

wat er out of the system a nethod i s enpl oyed wherein the starting

mat eri al al colald aydproduatewatee azeompapyiay| yheli astidt Bl camitbn he
distillate is cool ed, whereupon only water is separated by phase

separ ati on, anceadtdom deshalontsnuebkliyewitbdraenreactef . the syStemazést ropic
poi nt of the al cohol and the by-product wat er is not higher than the
boi | i ng poi nt aofmettheod fOr alevowdhg watekrfotheof etlitei systemcar mekhait under
nor mal pressure or reduced pressure at the initial stage of the
reaction, the isoignipdpyscamwhegein tbat Fhastingamateriaknpkeeliok 1dwer t han
the desired reaction tenperature, and the _tenperature, of the reaction
sol uti on whl | Weder BFe REeexseriraillyt Aeshat épdi saRG ebR? ot et Pt ed
and decreased,_ i.e. the reaction rate,wll not rise, thus | eadi ng
to a probl em 9194, FRELSUPGRG OPi HeWREPTt A8 Separ"f"é%‘étsl?%rphﬁﬁther, there

's a problemigg%aga fggé and the alcohol is refluxed to the reactor.

The azeotropic point of the alcohol and the by-product
water is not higher than the boiling point of the

10 alcohol, and if the reaction is carried out under normal
pressure or reduced pressure at the initial stage of the
reaction, the boiling state will continue at a
temperature lower than the desired reaction temperature,
and the temperafure of the reaction solution will not

15 increase until the water is azeotropically removed and
decreased, i.e. the reaction rate will not rise, thus
leading to a problem that it takes long time for the
reaction. Purther, there is a problem that as the
evaporation latent heat is deprived by azeotropy, the

20 energy to raise the reaction temperature is required
wastefully.

JP-A-55-38334 and JP-A-6-157405 disclose a method

wherein a dehydration column to remove water from a
refluxed alcohol is installed to increase the reaction

25 rate at the terminal stage of the reaction. However, by
this method, no improvement in the reaction rate at the

initial stage of the reaction is observed, and there is a



evapbration | atent heat is deprived by azeotropy, the 20 energy to raise

the reaction tenperature is required - wast ef ul | y.
JP: A-55- 38334 and JP- A-6- 157405 di scl ose .a net hod wherein a
dehydration colum to renove water froma refluxed al cohol is
installed to increase the reaction 25 rate at the termnal stage of the
reacti on. However, by t his nethod, nozinprovenent in the reaction rate
gt t he o initial stage of the reaction I s observed, and there is a

probl e S | umm
IS required. mIP %h %%35?2653333 g{xgggggeboﬁ ﬁdﬂ%@’é’é}c a%%\%rearﬁlr%pt he

reaction ti ”936\1}1]1%@ 19 ggscp%ea ShAgNg Weyd @ gfssamialadkels and an acid.

Nanely, a b5 osed in which the reaction rate is

I ncreased by Eﬂﬁﬁﬁﬁﬁbﬁgshﬁ%tgﬁhhbngheotééc@ioﬁh@lﬁ@aﬁiléﬁanglngEﬁﬂeﬂIOn
I.e. the reaction tenperature by adding an al cohol in an anount

smal I er than thgaddierr ebit¢al oFMBHNh]cohol aBfdt e Nasi@pwWinelelyadai ng it
while nonitoring the anount 10 of the al cohol. However, also by this

met hod, therenexhd is dikehbeedstiahwhhah the reacticm rate iends to be
sl ow as conpared with a case where an excessive al cohol is added.

DI SCLOSURE OF ifidr daléaNByOlincreasing Theepbopbieg apoime ¢f eshmtréantdati on is
to provide a
solution i.e. the reaction temperature by adding an
alcohol in an amount smaller than the theoretical amount
and then stepwisely adding it while monitoring the amount
10 of the alcohol. However, also by this method, there is a
problem such that the reaction rate tends to be slow as

compared with a case where an excessive alcohol is added.

DISCLOSURE OF THE INVENTION

The purpose of the present invention is to provide a
15 prdcess for producing an ester from an organic carboxylic
acid and/or an anhydride thereof and a Cu.is alcohol,
wherein the reaction time is shortened by elevating the
reaction rate at the initial stage of the reaction, and
the energy cost is reduced thereby bringing about an
20 economical advantage.

The present invention is characterized in that the
reaction is effected under a pressure of from 0.02 to 5
kg/cn@G in a process for producing an ester from an
organic carboxylic acid and/or an anhydride thereof and a

25 C4.13 alcohol. Further, the present invention resides in
a method for producing an ester, which is-characterized

in that in addition to effect the reaction under such a



H

15 process for producing an ester froman organi c carboxylic acid
and/ or -an anhydride thereof and a (err] al'cohol , wherein the reaction
time is shortened by elevating the reaction rate at the initial stage
of. the reaction, and the energy cost is reduced thereby bringi ng about
an 20 econom cal advantage. The present invention is
characterized in that the reaction isyeffected under a pressure of
from0.02 to 5 kg/cnferr]Gin a process for producing an ester from an

organi ¢ car boxyldgeaed Al t9loran taikhydbicde ohheseef fasted by Ssdelying
al cohol . Further, the present invention resides in a nmethod for

produci ng an egh&rstai Gty intatidACCglhz&Ucohol im 4 Madmperaanidiet iramaeo
effect the reacti on under such a

4  pressurgre@nehd iweh L ide godart uedelrs thef peesduby smpphyi ngactor the
starting material Cerr] alcohol in a tenperature range fromthe

boi I'i ng poi nt gHdertéfitefitefsainowatr bye 20€acthan thatto a tenperature | ower
by 20[err]C than that. 5 BEST MODE FOR CARRYI NG QUT THE | NVENTI ON

Now, the prses%‘_ii:s'i‘ NG |5k WhARR IR @947 irRed ridenTIOoNdet ail . ~ The
organi ¢ carbo eof to be used in the

present invention By, £RQ& present invention will be described in
detail.

The organic carboxylic acid and/or an anhydride

thereof to be used in the present invention may, for

10 example, be an aliphatic monocarboxylic acid such as
acetic acid, propionic acid or butyric acid and/or an
anhydride thereof, an aliphatic dicarboxylic acid such as
adipic acid, sebacic acid, oleic acid or fumaric acid
and/or an anhydride thereof, an aromatic dicarboxylic

15 acid such as phthalic acid, isophthalic acid or
telephthalic acid and/or an anhydride thereof, or an
aromatic polycarboxylic acid such as trimellitic acid,
pyromellitic acid or biphenyltetracarboxylic acid and/or
an anhydride thereof. Among them, phthalic acid,

20 isophthalic acid, terephthalic acid, trimellitic acid,
biphenyltetracarboxylic acid and/or an anhydride thereof,
is preferred, and phthalic acid and/or an anhydride
thereof is most preferred. Namely, the present invention
is particularly preferred as a process for obtaining a

25 diester of an aromatic dicarboxylic acid such as phthalic
acid.

The C4-;3 alcohol to be used in the present invention



10 exanpl e, be an aliphatic nonocarboxylic acid such as acetic acid,
propionic acid or butyric acid and/or an anhydri de thereof, an

al i phatic dicarboxylic acid such as adi pic acid, sebacic acid, oleic
acid or fumaric acid and/ or an anhydride thereof, an aromatic

di carboxylic 15 acid such as phthalic acid, isophthalic acid or

tel ephthalic acid and/or an anhydride thergof, or an aromatic

pol ycarboxylic acid such as trinellitic acid, pyromellitic acid or

bi phenyl tetr a%l%rybm%g %ﬁ(?%"ggleang/eo%? ?%%%%%deﬂ% therspf Lmhadhem

pht halic acid;  “2071Sop ¢ aci c acid, trinellitic acid,

bi phenyltetra rggﬁxli L.d-an anhydt h '

preferred, angﬁ%ﬁ aVi%eggkgléng%gﬁagﬁléﬂﬁyéﬁ?éﬁ?i'Eﬁ_t E%%&ﬁzﬁﬁgaﬁost
preferred. Nagply., LHEORGESCRbCLAVENEERH or ldErPRididsHdr,! urRr &f erred as
a process for obtaining a 25 diester of an aromatic dicarboxylic acid such

as phthalic pjxt6kedthereof, anTBBokh€ié]pPimOhplaldoisl Uﬁ.ﬁﬂ:Sia% t he

present invention may,

for exanple, BRt3N dehphat kGcBhblbby 8LESYD! aBesHbBS a glydylt aweh, aexanol ,
hept anol , n-octanol, 2-ethyl hexanol, nonyl al cohol, decyl al cohol or

IauLyI al coholethgnena glycoli, Xpubpylegeegiyceh ar drmtdre: @iiaipr ya al cohol
SHEn A5 polyhydric alcohol such as pentaerythritol, and a mixture
thereof. Among them, a Cr.13 aliphatic primary alcohol is
preferred, and 2-ethylhexyl alcohol, nonyl alcochol or
10 decyl alcohol is particularly preferred. The alcohol is
used in an amount within a range of from the
stoichiometrical amount to 2.0 times thereof relative to
the organic carboxylic acid and/or an anhydride thereof,
and industrially, it is more preferably 2.5 times of the
15 stoichiometrical amount.

In the process of the present invention, it is
necessary that the reaction is effected under a pressure
of from 0.02 to 5 kg/anG. A preferred range of the
pressure is from 0.03 to 2 kg/cm®G. If the pressure is

20 less than 0.02 kg/cm?G, the mixture of the C4.13 alcohol
and by-product water tends to be azeotropic, and it tends
to take a long time for the reaction. Further, in the
present invention, the object can be achieved if the
pressure at a predetermined reaction temperature is set

25 to be at least the vapor pressure of the mixture of the

C4-18 alcohol and the by-product water. Accordingly, it

is meaningless to increase the pressure beyond 5 kg/cm?G.



5 butyl benzyl al cohol or cresyl alcohol, a glycol such as et hyl ene

gl ycol ; propyl ene glycol or butane diol, a- pol yhydri c al cohol such as
pentaerythritol, and a mixture thereof. Anong them a Clerr] aliphatic
primary al cohol is preferred, and 2-ethyl hexyl al cohol, nonyl al cohol
or 10 decyl alcohol is particularly preferred. The al cohol is used
in an anpbunt within a range of fromthe ¢ stoichionmetrical anpunt to 2.0
times thereof relative to t he organic carboxylic acid and/ or an

anhydri de thereof a d I i
of the 15 st0|cm(ﬁﬁ§¢?cgl 2%%%#&%%eE% lhbehil A ?g§é§§9§¥¥fﬁgépﬁgg§ﬁt

nvention, it i sfur%%%g%s artiBE! by %QCBELQBh?ﬁ gL ge1eda updlerna

pressure . err A preferred range of the
pressure is d%%gghe F EQ%uEéeiﬁUEﬁ | $eadfor!| &8std han 0. 02
kg/cnferr] G t Igf&%e ongée derr ra I cohol eand by- product wat er
tends to be aztﬁéﬁ é}f%ltﬁzréi%rigte s by 20be taka enhengihi seaésertéhe
reaction. Furthe I n the present “i nvention, the object can be
achieved ifs th@uckly Bt Al cthpRradatrer Aineder eagtion tenpesature is
set 25 to be at |east the vapor pressure of the m xture of the Jerr]
al cohol and t herddetdOditdd WRlseitiohC cempergltyrei. t i s meaningl ess to

i ncrease the pressure beyond 5 kg/cn2G
With respect to the manner of exerting the pressure,

it is preferred to exert the pressure from the exterior
by an inert gas such as nitrogen, from the initial stage

10 of the reaction, from the viewpoint of the operation
efficiency. The period for effecting the reaction under
pressure is preferably a period from the initiation of
the reaction till the conversion becomes 90%, preferably
a period from the initiation of the reaction till the

15 conversion becomes 80%. (Here, the conversion means the
yield of the ester relative to the starting material
organic carboxylic acid. For example, when the starting
material organic carboxylic acid is an aromatic
dicarboxylic acid such as phthalic acid, the reaction of

20 the carboxylic acid to a monoester is carried out
relatively quickly and almost completely in many cases,
and here, it represents the reaction from the carboxylic
acid to the diester.)

The esterification reaction is an equilibrium

25 reaction, and accordingly, it is necessary to increase

the yield of the ester by removing by-product water in

the later half of the reaction. Accordingly, as



6 ’ Further, in the present invention, it is preferred to
supply-the starting material al cohol as heated to the boi l'i ng poi nt
under the pressure in the reactor or to a t enperature range | ower by
20 err]C than that, in order to 5 quickly raise the tenperature in the
reactor to the predet erm ned reaction tenperature. Wth
respect to the nmanner of exerting the presSure, it is preferred to
exert the pressure fromthe exterior by an inert gas such as nitrogen,
fromthe initimdntSicagel ddbvenf itthd o gaetfieamredf thaktt Barvhgwpopariofl t he
operation efficiency. The period for effecting the reaction under
pressure is prafteibihe aqeardmd dn daddresi 9i0&i, aprefievably 80%hear eacti on
till the conversion becones 90% preferably a period fromthe
initiation of pesseastiorestsdtied ke the dodréedi shabecoffeshgovpactess, the
conversi on neans the yield of the ester relative to the starting

mat eri al andafem caroonsd eagitd ofFdrimexafpee PraféirenésSst arti ng

mat erial organic carboxylic acid is an aronmatic di carboxylic acid such

as phthali & aclmfitiated & thoresfucegh tohgradiusatyl rECsdrgats ReRokdester is

carried out relatively quickly and al nost conpletely in nmanpy,cases,
and here, it rebréaeds ﬁQmih%ﬁuﬁh%n¥QQQEﬁqph@r@éﬁggﬁy#Pg%mes Wégﬁanta t he

eact | on, and TR dhgoPm 10- (£ U o delA Pomp ror BasEibed B i & of
the ESt?r by réigggg fﬁ%éﬁé&gﬁ¥ A%H(afieﬁe terminal stage of the
reaction wherein the conversion exceeds 90%, the pressure
10 is made negative.

The process of the present invention can be carried
out in the absence of a catalyst. However, an acid
catalyst such as sulfuric acid, an aliphatic sulfonic
acid or an aromatic sulfonic acid such as p-toluene

15 sulfonic acid or an organic metal catalyst of e.g. Ti or
Sn, such as an alkyl titanate such as tetrabutyl titanate
or tetraisopropyl titanate, tin tetramaleate, butyl tin
maleate, may be used. Aﬁong them, an organic catalyst of
e.g. Ti or Sn is preferred, and an alkyl titanate is most

20 preferred.

In the process of the present invention, the
reaction temperature is set to be a temperature higher
than the azeotropic point at normal pressures of the Cy.ig
alcohol and the by-product water, accomplished by

25 pressurizing, particularly preferably within a range of
from 120 to 250°C. If it is lower than 120°C, the

reaction rate tends to be low, and if it exceeds 250°C,



the [ater half of the reaction. Accordingly, as

7. nmentioned above, it is preferred that during a period until the
conversi on becones 90% preferably 80% a pressure is exerted at the
injtial stage of the reaction and froma proper point of tinme, the
pressure is 5 initiated to be reduced to gradually accel erate renoval

of water, so that the reaction pressure begones wthin a range of from
0.02 to 5 kg/cnferr] G as prescrrbed by the present invention, and at

the term nal stage of .t,h r.eac ergin_t NVEer s exceeds 90%
the pressure %?9ﬁ%ﬂ?r%&i%H198 teRfs"8 g?hSOT?5§§Ssg%fét " present ’

;grgntion 22?§$§§ a&ﬁéﬁgég l}P;_Ol,ét B@ %ggprSQQCﬁl ?rc e%algst Fbmeverz an

furrc acl an al [ fonic acid

or an ar orrati fé[’gt{lo 'zera%eq:f%%n?:%.p'iﬁ?l%l‘?g rJtEess“Bf Oﬁﬁi AL an

or gani ¢ net al as an titanate

such as tetrabrbﬁxyé 1'&:?”%1 Preferrel tahbal § eperaeykeaeamteemééﬁature

tetramal eat e mal eate, nmay be used. Amobng them an organic
catalyst o jg ﬁ'lﬂl.ue-lﬂcéﬁ b§nt'h$3 eaehberked, Bewewdl ald\rdfid@at e i s nost

20 preferred e process of the present invention, the
range of the reactlon temperature in a case where an acid
catalyst is employed, is from 120 to 160°C, and a
preferred range in a case where no catalyst or an organic
metal catalyst is employed, i1s from 160 to 250°C, more

10 preferably from 180 to 230°C.

Further, after completion of the esterification
reaction of the present invention, purification is
carried out by a known method such as distillation of an
excessive alcohol, removal of the catalyst,

15 neutralization, washing with water, treatment with
activated carbon or activated clay, or filtration, to
obtain an ester as the product.

EXAMPLES

Now, the present invention will be described in

20 further detail with reference to Examples and Comparative
Examples. However, the present invention is not limited
to the following Examples unless it exceeds its gist.

The followin§ Examples show cases wherein phthalic
acid which is an aromatic dicarboxylic acid, is used as

25 the organic carboxylic acid. In the case of this

phthalic acid, the reaction to a phthalic acid monoester

igs carried out extremely quickly and completely. In the



reaction tenperature is set to be a tenperature higher t han t he

azeotropi c point at nornal pressures of the Clerr] al cohol and the
by- protuct water, acconplished by 25 pressurizing, particularly
preferably within a range of from 120 to 250[err]C. If it is |ower
than 120[err]C, the reaction rate tends to be low, and if it exceeds
250[err] G, 9 8 the reaction
solution tends to be colored, or a by- product is likely to be forned

t o hi nder e'gﬁﬁkﬁﬁﬁ%ﬁf%gg%%giZertggr£8£GBP$E?%IFbﬂ£5%éH8§%§S of the

S .
pr esent f&rred®r ange~o e reaction tenperature 5 is

i nfl uenced by(ﬂﬁﬁbéﬁ@fﬁ%ﬁ%%’aSﬁWE%?gicaa85§;§gf§EEr. Nav@lge of the reaction

tenperature in a case ere yst is enployed, is from 120

to 160[err]C, and @, ,q sﬁ%ﬁh@ﬁrgﬂ[ﬁaqgglgno? SasRcuheIe goigatal yst or an
organic nmetal catalyst is enployed, I1s from160 to 250[err]C, nore 10

preferably from RQde 230leAbkea from an ab¥8ivEIuepf tR61£WWIald On of the
esterification reaction of the present invention, purification is

carried out by oW maRiRad1SBERNAS1di shhiHatden] ok 1o excessi ve
al cohol, renoval of the catalyst, 15 neutralization, washing with water,
treatnment w thexamMprFaQti vated carbon or activated clay, or filtration, to
- A 20 four necked flask equipped with a stirrer, a
distillation column, a condenser, an oil-water separator
and an alcohol-reflux line, was preliminarily heated by
10 an oil bath and pressurized with nitrogen gas to 1000
mmHg (0.316 kg/cm?G). 459g (3.1 mol) of phthalic
anhydride heated and melted at a temperature of at least
140°C, was charged over a period of 35 minutes by means
of a pump. Simultaneously, 1009 g {7.75 mol) of 2-ethyl
15 hexanol of 170°C was fed, so that the initial 807 g was
charged over a period of 40 minutes, and the remaining
202 g was charged over a period of 40 minutes. Further,
0.63 mg (0.05 wt% relative to phthalic acid dioctylester
as the product) of tetraisopropyl titanate was added as a
20 catalyst after completion of the charging of phthalic
anhydride.

Refluxing of 2-ethyl hexanol was continued, while
maintaining the pressure at 1000 mmHg from the time (this
is taken as the starting point of the reaction) at which

25 charging of phthalic anhydride and 2-ethyl hexanol was
initiated (by-product water and 2-ethyl hexanol were

separated by an oll-water separator, and the water was



obt ain an ester as the product. EXAMPLES Now, the present

I nvention wll be described in 20 further ‘detail wth reference to
Exanples and Conpar at i ve Exanpl es. However, the present invention is
not limted to the follow ng Exanples unless it exceeds its gist.

The foll ow ng Exanpl es show cases wherein phthalic acid which is an
aromatic di carboxylic acid, is used as 25¢dhe organic carboxylic acid. In
the case of this phthalic acid, the reaction to a phthalic acid

nonoest er IS carried qut.extrenel|y ckl gggg In the
9ht . fol l O\é\ﬂ]?jdncéi%‘f’ﬁﬁ@s Q‘Jt.]ﬁgle &nggli oﬁggegré%}gﬁ? 5 &t %onverm on to a
p alic aci I ester n ny dgmols of a
pht hal i c acidIEtur%%%égggngf &G vggdtﬁgoﬁgg%ﬁg0|i Iue / nols of the 5

starting mat eré)%L dp%\-} h:ﬁ'{('ocf aphyd 'u@%g] £¥oh0Phe 1n1g2%f61§ df the A

2[err] four necC eqU|ppe Wth a stirrer, distillation

col umm, a condgnagr xf ‘ﬁ* x%e%%ab%duall af*é‘d@@e@] cahw! txef | ux
line, was preI|n1nar| y ated by 10 an oil bat% and pressurized with

g'ht ogen 0as 19 d0e uporMdsihitRt3be k@ eBbatr bG) nindby {Sorl tiwd) of
initiation of the reaction {about 20 minutes after
initiation of the reduced pressure) was about 900 mmHg
{about 0.184 kg/cm®G). At that time, the acid value was
37.5 mgKOH/g. Further, upon expiration of 85 minutes
10 from the initiation of the reaction, the pressure in the
reactor became negative, and the conversion exceeded 92%.
And, the reaction was terminated at the time when the
acid value of the reaction solution became 0.1 mgKOH/g
(conversion of 99.92%). The pressure at that time was
15 550 mmHg (-0.276 kg/anG), and the time required finally
for this reaction was 150 minutes.
EXAMPLE 2
Using the same apparatus as in Example 1, 459 g of
phthalic anhydride, 1009 g of 2-ethyl hexanol and 0.63 ml
20 of tetraisopropyl titanate were charged in a similar
manner. In the same manner as in Example 1, while
maintaining the pressure at 1000 mmHg (0.316 kg/cm’G)
from the initiation of the reaction, the temperature of
the reaction solution was raised from 170°C to 220°C over
25 a period of 35 minutes. Then, while maintaining the
temperature of the reaction solution at 220°C, vacuuming

was initiated by means of a vacuum pump. From 75 minutes



anhydride heated and nelted at a tenperature of at |east 140[err] C,
was charged over a period of 35 mnutes by ‘neans of a punp.

Si mul t'aneously, 1009 g (7.75 nol) of 2-ethyl 15 hexanol of 170[err]C was
fed, so that the initial 807 g was charged over a period of 40

m nutes, and the remaining 202 g was charged over a period of 40

m nutes. Further, 0.63 ng (0.05 % rel ative to phthalic acid

di octyl ester as the product) of tetraisopropyl titanate was added as a

20 catal yst a;éf(;tg%rglloﬂﬁ!@a! BrPlo r&%ecgééggﬁgeﬁ?ﬁghﬁfﬁﬁﬁés_afte@!‘hydri de.

Ref | uxi ng of exanol was conti nue mai nt al ni ng the

pressure at 1000 i Jd YP LR iTBglt hikBe tempbBat@k8Nwas 1bwesé@rts ng
poi nt of the reaction) at which 257charging of phthalic anhydride and

2-ethyl hexano|gy@s over d Hddidieds(By- piaduet waiee apgdt2neityl hexanol

wer e separated by an Oil-water separator, and the water was
10 r endvegh Quin g t RS tHieMt et ratarby vabenafotainsd untileturned to
the flask via the reflux Iine). Upon expiration of 40 mnutes fromthe

initiationsof ¢dpletiod ACIHRN rdake iphegsheetias ghadushéyacidueatize and
the 5 pressure upon expiration of about 60 mnutes fromthe
initiation of ¢hecheanddan dmbaluti®nnrbecess af LemgkKOH/g = a

conversion of 99.92%). The pressure upon expiration of

60 minutes from the initiation of the reaction was 800

mmHg (0.053 kg/cm?’G), the acid value was 40.1 mgKOH/g,

10 the pressure at the time of the completion of the
reaction was 200 mmHg (-0.737 kg/cm®G), and the time
required finally for this reaction was 180 minutes.
COMPARATIVE EXAMPLE 1

Charging was carried out in the same manner as in

15 Example 1 except that the pressure was maintained at 700
mmHg (-0.079 kg/cm®G), and while the temperature raising
rate of the oil bath was the same as in Example i, the
reaction solution was heated from 170°C. From 70 minutes
after initiation of the reaction, the pressure was

20 further reduced from 700 mmHg, and the temperature
raising of the reaction solution was continued, so that
upon expiration of 120 minutes from initiation of the
reaction, the temperature of the reaction solution
reached 210°C. Thereafter, the reaction was continued

25 while maintaining the temperature of the reaction

solution at 210°C, and the reaction was terminated when

the acid value of the reaction solution became 0.1



initiation of the reduced pressure) was about 900 mmHg (about 0.184
kg/cnferr]G. At that tine, the acid valué was 37.5 ngKOH g. Furt her,
upon expiration of 85 mnutes 10 fromthe initiation of the reaction, the
pressure in the react or becane negative, and the conversion exceeded
92% And, the reaction was termnated at the tinme when the acid
value of the reaction solution becane 0.1 ypKOH ¢ (conversi on of
99.92% . The pressure at that time was 15 550 nmHg (-0.276 kg/cnjerr]Q,

and the time re%}fﬁd (; nall ¥iversiohObst BoSgbgaCt I%(ga\r%%s]s%qfema@tt%t

EXAMPLE 2 he saime apparatfus as’ in 459

phthal i ¢ anhydride. r?]%Oe 8 nffi? éfbhgbohﬁgaefatg)anda& ahdliahld retfhidled

tetrai sopropyl manner. |I'n the sane

manner as in @%1%1 15 f"’@ﬂ% tIBhakNb e hhsupsgssure at 1000 mrHg
(0.316 kg/cnferr fy Fo olm trr?gcl nitiation of thlé reaction, the

tenperature CWCOMPARﬂﬁEVE*E%ﬂMPﬂE gol ution was raised fron1170[err]C to
220[err]C over 25 a period of 35 mnutes. Then, while naintaining the

tenperaturg of theckeAstdwadlddriaR@ouR2GhethCsalactinheg as inwas
initiated by neans of a vacuum punp. From 75 m nutes after
initiation of mhengeact iaredd) thatuthe pkessure was maintained at 700
mmHg (-0.079 kg/cm®G), and while the temperature raising
rate of the oil bath was the same as in Example 1, the
reaction solution was heated from 120°C. After 88
10 minutes from initiation of the reaction, the pressure was
further reduced from 700 mmHg, and the temperature
raising of the reaction solution was continued, and upon
expiration of 140 minutes after initiation of the
reaction, the temperature of the reaction solution
15 reached 210°C. Thereafter, the reaction was continued
while maintaining the temperature of the reaction
solution at 210°C, and the reaction was terminated when
the acid value of the reaction solution became 0.1
mgKOH/g (= a conversion of 99.92%). The pressure at that
20 time was 380 mmHg (-0.500 kg/cm®G), and the time required
finally for this reaction was 228 minutes.
EVALUATION OF THE RESULTS
Calculation of the energy required for heating was
carried out b& means of a computer simulation from the
25 temperatures and the pressure conditions in Examples 1

and 2 and Comparative Examples 1 and 2. The software

employed was “gPROMS” (Barton and Pantelides, 1994 Im-



initiation of vacuumi ng), the tenperature was | owered to 185[err]C

over a. period of 80 m nutes while continuing vacuum ng, and this

t enperature was nmintained until 5 conpletion of the reaction (the tine
when the acid val ue of the reaction solution becanme 0.1 ngKOH g = a
conversion of 99.92% . The pressure upon expiration of 60 m nutes from

the initiation of the reaction was 800 13 MHg (0. 053 kg/cnferr]Q, the
acid value was 40.1 ngKOH g, 10 the pressure at the time of the conpletion

Cequi red 11 naly i CmEoRost FaRa: TeotRRaEaend Reblpa bty e

EXAMPLE 1 h 15
Ecampl e 1 excdt™s ARETH qjee'a%rféé?i&%@%?qﬁ%f%&?%%dfe?@%%m%5@%( 0.079

kg/cnjerr]Q, ﬂégn&)\%lle aﬁae%mg %B(Bfnﬁléabs'@ﬂen f‘t {8teo® ihe oil bath

was the sane as reacfion solution was heated from

170[err] C. Fr akter initiation of the reaction, the
Fels) Qk?%x ple
urt

pressure was 2 re uced from 700 mmHg, and the tenperature

rai sing of sthe reeﬁtdxpruﬁ@ Wd Q1 as tCaRt ieRyedntSenkbakith thegpon
expiration of 120 mnutes frominitiation of the reaction, the
t enper at ur e ofodriiRertdasid10pravedlsi (Tomparateaehedadpdéery] CGit Thekeafd er
the reaction was continued 25 while nmaintaining the tenperature of the
reaction Isalgitdiame dor?2 HieericpCtiand thé tkaceéhengymseqeinedafed when
the acid value of the reaction solution becane 0.1

heating is required to be substantial. Further, Example

2 is a case where optimization was carried out to save

10 the required energy. Also in this case, the reaction
time was 85% of Comparative Example 1, and the necessary
energy was about 70%. Further, it was 79% of Comparative
Example 2, and the necessary energy was about 60%.

INDUSTRIAL APPLICABILITY

15 According to the process for producing an ester of
the present invention, the reaction time can be
shortened, and the energy can be reduced, as compared

with a conventional process.



12 nmgKOH/ g (= a conversion of 99.92% . The pressure at that time
was 380 mmHg (-0.500 kg/cnferr]Q, and'the tine required finally for
this r%aption was 210 m nut es. COMPARATI VE EXAMPLE 2 5 Char gi ng
was carried out i e“lm wmnﬁ“l as in Exanpl e 1 except that the
pressure was nalna Hmm mHg (-0.079 kg/cnferr] G, and while
the tenperature raisirfg v ™ rate of the oid bath was the sane as in
Exanple 1, the reaction solution was heated fraom 120[err] C. After 88
10 mnutes frominitiation of the reactigpmdhe pressure was further
reduced from 700 mHg, and the tenperatare— rai sing of the reaction

sol ution was cont ingedcednd fopoproducingpanasésoear of rdml Garmiangagsicaf t er
initiation of the reaction, the tenperature of the reaction solution
15 reached 21{ryoxydicThericakng/ort ha aphgtirbdewasererf iandds Ci-18 while
mai ntai ning the tenperature of the reaction solution at 210[err]C, and
the reacti on wsdlerni natieth \isercharactehézadi invehae die trragteian iish

sol ution becane 0.1 ngKOH g (= a conversion of 99.92% . The pressure
at that 28 tdfifeates] 38@enridg preds8oe kf/ EroE) 0. 8Adte He kg i’ Fequi r ed
finally for this reaction was 228 m nutes. EVALUATI ON OF THE RESULTS
Cal cul ati on of2 { h&hen@mpreassqforeprpguchadt | ngskey according to Claim

1, wherein the reaction is carried out at a temperature
higher than the azeotropic point which a mixture of the
Cs-18 alcohol and by-product water exhibits under normal

10 pressures.
3. The process for producing an ester according to Claim
1 or 2, wherein the reaction is effected under a pressure
of from 0.02 to 5 kg/cm’G during a period from the
initiation of the reaction till the yield of the ester

15 become 90%.
4. The process for producing an ester according to any
one of Claims 1 to 3, wherein the organic carboxylic acid
and an anhydride thereof are supplied in a molten or
powder state, and the alcohol is supplied in a

20 temperature range from the boiling point under the
pressure in the reactor to a temperature lower by 20°C
than that.
5. The process for producing an ester according to any
one of Claims 1 to 4, wherein the reaction temperature is

25 from 120 to 250°C.
6. The process for producing an ester according to any

one of Claims 1 to 5, wherein a catalyst is an organic



carried out by means of a conputer si rruI ation fromthe 25 tenperatures and

t he pressure cqnle ons_rﬁ_Eia—‘r‘g ) ang 2 and Conpar st
o 2ol g o (2 S e

Sl ence Technol ogy ancf MEdi Bi ne) .* The time required for conplretrtomof
the reaction is 65%in Exanple 1 and 78% in Exanple 2, when it is 100%
in Conparative Exanple 2. 5 Fromthis result, it is evident that
with the fuIe i tNalsthr ocess (Conparative Exanple 2), it takes a
long tinme for the reaction, and the energy required for heating is

required to be?SUQ&kﬂ@kb@essF&b&h§&0d5&§ﬁ9|Qn este? A8cEr@BsE thelwy

optim zation was carried out to save 10 the required energy. Also inthis

case, the readn®nf ClaiisT® was 6§5%helre@anpheablysnfdasptBodyl eddad he
necessary energy was about 70% Further, it was 79% of Conparative

Exanpl e 2, andridiomenessdnyirdider ghewasfalsutn68%matic dNRITGkWLic
APPLI CABI LI TY 15 According to the process for producing an ester of
t he present i racsiid iaod/drheny eadtyideidel thetenfbe shortened, and the
energy can be reduced, as conpared wi th a conventional process.

8. The process for producing an ester according to any

one of Claims 1 to 7, wherein the Cy.1s alcohol is an

aliphatic primary alcohol.

9. The process for producing an ester according to any

10 one of Claims 1 to 8, wherein the pressure is made

negative at the terminal stage of the reaction.
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14 CLAI M5 1. A process for producing an
ester -froman organi.c carboxylic acid®and/ or an anhydride thereof and
a-‘(err] al cohol, which is characterized in that the reactionis 5
effected under a pressure of fromO0.02 to 5 kg/cnferr] G 2. The
process for producing an ester according to Claim 1, wherein the
reaction is carried out at a tenperature 15 higher than the azeotropic
poi nt which a m xture of the C err] alcohol and by-product water

exhi bits under normal 10 pressures. A STé%CiIhe process for producing an
ester according to daim 1 or 2, the reaction is effected
under a pressure The mfrdasemdE Ghet proskgtcifiGedtiongia perposvidemt he
initiation of the reaction till the yield of the ester 15 becone 90%

4. The procesydoaesp ddacprgdaciegt an asterdingmtan asyganic aarboiyldains 1
to 3, wherein the organic carboxylic acid and an anhydri de thereof are
supplied in aauld emddior an aphwdendet ahereafidandiea atcahallcohodupplied in a
20 tenperature range fromthe boiling point under the pressure in the
reactor toSa twhgrediat dhe reaetiby 20jrer i3 Cshortenédnby hetevating the

reaction rate at the initial stage of the reaction, and
the energy cost is reduced thereby bringing about an
economical advantage.
The present invention resides in a process for

16 producing an ester from an organic carboxylic acid and/or
an anhydride thereof and a C;-1s alcohol, which is
characterized in that the reaction is effected at a
pressure of from 0.02 to 5 kg/cm?’G, and further, the
starting material alcohol is supplied in a temperature

15 range from the boiling point under the pressure in the

reactor to a temperature lower by 20°C than that.



5. The process f or produci ng an ester according to any one BEPLACEMENT §HEET
to 4, wherein thereacttomnm tenperature is 25 from 120 to 250[?@&2;)35%_9
[

6. The process fQp pster according to any on
L]
5l . L M s/, *

to 5, wherein a ¢Hi '
§ he process for producing an esl‘Grlllbl

15 metal cato

according to any one of Clains 1 to 6, wherein the organic -c\apggxyl I C
aci d and/ or an anhydride thereof is arlfromatic dicarboxylic

anhydri de. ~ 8. The process for producing an ester according to any
one of O ains ketgl7cakpdwetn the Clerr] al cohol is an _aliphatic
primary al cohol . 9. The process for producing an ester according to

any 10 one of 7C aThs preeess fpsreradufdngreBseseeT saggerding toegayi ve at
the term nal stage of the reaction. )

one of Claims 1 to 6, wherein the organic carboxylic acid

and/or an anhydride thereof is an aromatic dicarboxylic

5 anhydride.

8. The process for producing an ester according to any

one of Claims 1 to 7, wherein the C4.1s alcohol is an

aliphatic primary alcohol.

9. The process for producing an ester according to any -

10 one of Claims 1 to 8, wherein the pressure is made

negative at the terminal stage of the reaction.
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