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COPRODUCH @NV/AIIES PURI FI CATI ON OF ETHYL ACETATE AND | SOPROPATUAGETRIE FI ELD
OF THE I NVENTION This invention relates to the production of organic
carboxylic acid esters and in particular to a process for si %aneously
coproduci ng ethyl acetate and isopropyl lacetate in a reaction xti eZD%‘
conprising a m xed al cohol stream of ethanol and isopropanol, with acetic
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invention further relates to the subsequent separation of et acetate and
i sopropyl acef SEEFEAhIPNe @F M&%&%@'g‘ﬁﬁ énmﬁ%ﬁRQPYIaME%A?ﬁe removal
-of inmpurities which may be present. BACKGROUND It is well known to produce
esters such as ethyl acetate or isopropyl acetate by reaction of an ethanol
or i SOPFERANOF TIEENEVHENEON W th acetic acid in the presence of an acidic
-catalyst. However, in the coproduction of esters, difficulty is encountered
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This is especi al ters are coproduced in a process for
t he srnultaneous rather than the sequential production of both esters. The
use of reactants of high purity nmay not be econom c commercially for it
woul d aBdCE#QRDiﬂﬁﬁntly to the cost of producrng both esters. It has been
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usi ng relati y I npure reactants and pr ovi d renovi ng sone o
al dehydeeteygpeers in a single reactor by operating the reactor sequentially, i.e., by first producing one

ester by reaction of the acid with the first alcohol, and then in a swing operation changing over to
a second alcohol to produce the second ester. In all of these reactions involving the use of a
mixture of alcohols for esterification, it is important to use relatively pure reactants for reaction
with acetic acid. This 1s especially important if the esters are coproduced in a process for the
simultaneous rather than the sequential production of both esters. The use of reactants of high
purity may not be economic commercially for it would add significantly to the cost of producing
both esters. It has been relatively difficult to coproduce simultaneously a mixture of these esters
from a relatively impure set of reactants, primarily because if the alcohol is contaminated with
impurities, for example, “heavy” or C, or greater alcohols, it is difficult to separate the eventual
ester product from the impurities. ,

WO 98/42652 (BP Chem.) describes ester coproduction for the coproduction of ethyl
acetate and n-butyl acstate. The reference describes use of impure crude industrial ethanol and
“ox0” based n-butanol in a liquid phase esterification reaction system. The process is capable of

using relatively impure reactants and provides for removing some of the aldehyds type
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of a Fischer Tropsch al cohol mxture. Fischer Tropsch al cohol m xtures
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are the gggv%tﬁo%g@g%}étg or the C3 or C4 alcohol conponents of the Fischer

Tropsch X dre. Rer Tropsch m xture may or may not be purified,

prior to use. Purification of the Fischer Tropsch m xture can occur
enploying distillation or alternatively enploying extractive distillation
wi th wat @8JMMARKe Fischer Tropsch mixture is used wthout prior

‘purification, i gh boiling. ester b duct .produced dining .t
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products. The crudé mxed ester product is separated into purified e

and i sopnvapyhceticetiat e the dduct shave,an shespresepse of andicstic Edtaltystomhdrewehs reabixanisl es
of percent al cohol m xtures to enpl i ncl ude al cohol mixtures contajning
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at greater than about 995% purity and up to or_greater than about 99. 7%
Pr esent | Presgat myeRf&ans ympurities of priumary concern are the héavy components, or the C, or C,

alcohol components of the Fischer Tropsch mixture. The Fischer Tropsch mixture may or may
not be purified, prior to use. Purification of the Fischer Tropsch mixture can occur employing
distillation or alternatively employing extractive distillation with water. If the Fischer Tropsch
mixture is used without prior purification, high boiling ester byproducts are produced during the
esterification reaction and removed from the reaction product during the pﬁriﬁcation process of
the respective ethyl and isopropyl acetate products. The crude mixed ester product is separated
into purified ethyl and isopropyl acetate products via a series of distillation towers.

Examples of percent alcohol mixtures to employ include alcohol mixtures containing
between about 90% ethanol : 10% isopropanol to between about 10% ethanol : 90%
isopropanol, or alternatively the mixture 1s betwezn about 80% ethanol : 20% isopropanol to
between about 60% ethanol : 40% isopropanol.

Employing the current process, both ethyl acetate and 1sopropyl acetate are recovered at
greater than about 99.5% purity and up to or greater than about 99.7%. Presently the industry

accepts specification grade ethyl acetate and specification grade 1sopropy! acetate as being 2



accepts specification grade ethyl acetate and specification grade isopropyl
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of 99.5% BRI EF DESCRI PTION OF THE DRAWNGS Figure 1 is a schematic of the
ethyl and isopropyl acetate coproduction process. DETAILED DESQ?IQD'QUQ\IQ%
THE | NVENTI ON A conti nuous coproduction-process is illustrated in Figure 1
A honpbgeneous or heterogeneous catal yst may be enpl oyed in the present

est er i f mcamponpweael 980 % The aci d catal yst should be tenperature stable at
the tenperature which the reaction is effected, i.e., does not deteriorate
to an appreciable extent at the tenperature at which the reaction is
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It is preferred that an excess concentration of acid be present in the liquid phase catalyzed
reaction zone to preferentially drive the esterification, and to minimize hydrolysis of
etherification reactions, thus increasing conversion and selectivity towards the desired products.
In general, the acetic acid concentration in the reaction zone ranges from about 50 to 80 wt %,
most preferably between about 60 and 70 wt %. \

Although the present description is directed to separation of acetate esters, there is a body
of information dealing with separation of alcohols, for example US 4,710,274, US 3,898,291. It
was found that for producing the desired acetate esters (ethyl acetate/isopropyl acetate), the
preferred route was to coproduce the acetate esters and separate them at the end of the
production process, as opposed to separating the alcohols at the beginning of the process and
producing the acetate esters individually.

An embodiment of the present invention is now disclosed. Referring to Figure 1, a
Fischer Tropsch alcohol derived mixture 58 is fed 10 an alcohol purification column 2. The

alcohol mixture comprises ethanol, isopropanol, and small amounts of impurities. Water 56 is
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processed at the end of the purification train. Exanples of i mpurities nost
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esters such a ate and ut, ose skl Il 1.n
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contain unpun“le; or be free thereof. Impurities will cause byproduct formation which can be

processed at the end of the purification train. Examples of impurities most likely to be formed
when using impure alcohol mixtures include high boiling esters such as n-propyl acetate and sec
butyl acetate. Those of skill in the art will recognize that conventional teehniques may be
employed to remove the byproduct formations. For example, a column may be added after the
isopropyl acetate light ends removal column 16 to remove such impurities as a heavy ends purge.
In the reactor 4, water is formed during the esterification reaction. It is desired to

azeotrope this water out of the reaction zone as to favor the esterification and to minimize the
hydrolysis of the ethyl and isopropyl acetates back to alcohol and acetic acid. To accomplish
that a crude Liquid ester mixture, 50, is recycled to the reactor 4. In general, the acetic acid
concentration in the base of column 4 ranges from about 50 to §0 wt %, most preferably berween
about 60 and 70 wt %. Lower acid concentrations would decrease alcohol conversion making

the purification of the esters more difficult to achieve. Reactor column 4 operates in the liquid
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the separation of the organic and aqueous layer in the overhead decanter of the reactor column.
Reaction water found in residue 30 is directed to waste for treatment.

The organic phase, containing most of the ethyl/isopropyl acetate desired products, is
recovered and exits decanter 6 as a side sream 60. Typical composition of stream 60 is
approximately 94% total (i.e., ethyl and isopropyl) acetates with the remainder being water and
unreacted alcohols. |

Stream 60 is directed to the alcohol stripping column 12 which serves to strip the water
and unreacted alcohols, from the desired ethyl/isopropyl acetate esters. Not shown in Figure 1,
the overhead vapors of column 12, like the overhead vapors oz reactor column 4, are first
condensed, then mixed with optonal extraction water, and finally directed to a second decanter
where two phases are formed. At least 2 portion of the organic phase from the second decanter

(stream 38) is recycled to reactor column 4 to prevent alcohols from building-up in the unit, and

to remove azetropes from the esterification reaction. Stream 38 contains primarily ethvl acetate
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process.qyxt IW'BU%Q of ?soﬁEHﬂ)@?ﬁl;%@ﬂe. a@ﬂeﬁtﬁ’&@%@iséﬁobﬂ%eéﬁé%ﬁ%m799.Shﬁﬂ B,
azeotrope the reaction water out of thé’'liquid phase catal yzed zone. Colum
16 oper adeesratly greatdrltyarbatome®h 7 wt % and containing less than about 50 ppm ethyl acetate) is
recovered as residue stream 48.
The separation of ethyl and 1sopropy! acetate requires numerous theoritical plates.
Overhead stream 50 contains the ethyl and isopropyl acetates which were not removed during the
finishing column process. Stream 50 1s condensed and recycled to the reactor to help azeotrope
the reaction water out of the liquid phase catalyzed zone. Column 16 opera;tes typically between
about 1 and 3 atmospheres.
The overhead stream 50 from 1sopropyl acetate finishing column 16 is combined with a
portion of overhead stream 38 from the alcohol stripping column 12 to form a recycles stream 54
which is directed to the reactor 4 and combined with alcohol and acid for the esterification
reaction.
Distillation options for the present invention involve use of one large column, e.g.,
column 14, as described herein. Alternativelv, a combination of several towers to accomplish

the distillation may be employed.



about 1 an .at nospheres. The overhead stream 50 fromi so ) tate
finishi ng“gooﬁ/dm“m is conbined with a portion of over heagﬁg@%"lg{aﬁg@S from
the al cohol stripping colum 12 to forma recycles stream54 which is
directed to the reactor 4 and conmbined with al cohol and acid for gthe
esterification reaction. Distillation options for the present i Qviénw’i)r?gﬁﬁ

i nvol ve :gsq} EEgne | arge colum, e.g., <cola n 14, as described herein.
Al t er natH @ conmbi nati on of several towers to acconplish the

di stillati onrymy.be WEHMEQ&%SM&% g%@ci']'ﬁqﬁ) ggoié@?c{n@@r%@%ls i) siéf’g%m::Js to.

EXAMPLES The present 1nvention was und to yi ush al cohol = conversi ons
W th sekgetprott@set@ediagtodts pidatucts exteediongodd Ypardimd veodtiéscofactder
reaction zone space tinme velocities of greater than 5 anol per liter per
hour. EXepl gnal p&r it ieHpase react or was previously charged with 1.5%

met hane sulfonic acid (MSA) as catalyst. The glass reactor contained 40
trays, 2-inch dianeter, and operated at a base tenperature of about 100 'C
A react giafgrd consisting of acetic acid, and a blend of 83:17 % ethanol and
i sopropanol was used. Since a blend of alcohols was enployed, in order to
si nul at e i npdy llqwiephadsitetcipmyapprevipnes sharged Weh 41 S huithaske snldonviascid MSd wi t h
n- pr opanol . l‘ljh_e cetic acitd_ tot al o@q{}%pl,)eng r.ati % Wai 1. %;éd | o/ kil o. The
pressur & WY a moSpher FeC Bttt ae Pe B P o R bR e Y@ jiSe 4. 17
gr/mn eina-sohadrsoBhensh c@nd 2.92 gr/mn of recycled esters. Steady state
conditions were reached. The reactor was operated continuously for 15 hours

during each ruractReé&eticonoverdebatetivasd,colddnsddiat : 35%Ctlznd] 4reidséppopanol
wator t eStTGh S BBt G AEQP AT GREGSEHE O5ieG T 4 TSHGEG0S IEgE) CFor
O i R G R S R DS e S R S
wer e i densilcalkijo/kexe ephe plrature was Gmidsphérite deedrotes watex graduhi dfiacstictavid, el 7
decanter. From the decanter tghe or ga_piec pphamsee was edi rsetct ed tio t h\sﬁ al cohol
stri ppi BETEBPUARCIOEAElend (5] 27 SHFOS P ICEIF ErRsICEY etfoahius R6 REndiNoris  dAd

results thereof are found in Table 2.

The reactor was operated continuously for 16 hours during each run. Reactor overhead
was condensed at 35 °C and fed to a decanter. The decanter was maintained at 26 °C. To the
decanter was also fed water to effect and assist separation of the organic and aqueous phase. For
the reactor column, three runs were performed (A, B, C) and the run conditions and reactor
results are illustrated in Table 1. Runs A, B, and C were identical, except that run C utilized
more water addition to the decanter.

From the decanter, the organic phase was directed to the alcohol stripping column. The
sample composition efnployed and conditions and results thereof are foundin Table 2.

For these examples, the aqueous phase from the decanter was discarded.

From the alcohol stripping column, the residue was directed to the ethyl acetate finishing
tower. The sample composition employed and conditions and results of the ethyl acetate
finishing tower are found in Table 3. Ethyl acetate was recovered in 99.96 % purity. The
residue of the ethyl acetate finishing tower was directed to an isopropyl! acetate finishing tower.
The sample composition employed and conditions of operation for the isopropyl acetate
finishing tower for recovery of isopropy! acetate are found in Table 4. Isopropyl acetate was
recovered in 99.95 % purity.

For production of <99.95% purity the residue of the isopropyl! finishing tower is directed



For -these exanples, the aqueous phase fromthe decanter i scarded. From
t he al co‘ﬁ'g’lo*hf"lﬁppi ng colum, The residue was directed to%ﬁ@%gmﬁ/zfsgacet ate
finishing tower. The sanple conposition enployed and conditions and results
of the ethyl acetate finishing tower e found in Table 3. Et h;ﬂ a at»er
~was recovered in 99.96 %opurity. The r%sidue of the ethyl acetate TInishHing

t ower mas1direc&ed toéﬁn i sopropyl acetate fiBiEhin tower. The sanple
conposi® # BRVEFRRDYEC GhaC WEHUT BT NS e IeBEnat PHRYRTBFIHE TSI SRyl acet at e
finishi . 0 Y ] ate.are f Ln _Tabl .

| sopr opyt Aeuparc R T iR R R ST PR R MGt iy
<99.95%®guﬁkaﬁnuh@hégghﬂm@r@ﬁoﬁﬂ@nkﬁgpropyl finishing tower is directed WO
02h001 6 PCT/ USO /32267 8 9AIN.n to a heavy ends renoval columm whereby the
heavy ends BypbEprtohsdesibedriiethctisei gHDesverhiend;dat Corpcatieadiémiedd=
Conventional_ techni.gue nown to those of skill in the ar re to be.

orp! oy CF AP SRR Tamde PRy Ao cEs O ABBH B Ao basialb e

i ncl ude AMHRL Quasheath HEAGRa@8dd €waGk ;. nPaAc= normal propyl acetate;

i Pr Ac=i sopropyl acefate; nPrOH=normal propanol; | PA=i sopropanol; EtAc=ethyl
acetate; EtOH = ethanol; %= w/w % Exanple 2 Table 5 illustrates runs
cont ai ni ng et hanol /i sopropanol ratios of about 60/40 (A and 10/90 (B) with
no inp@ﬁ@@?%%zadded. A 45 tray reaction tower with thernosi phon reboiler
hol di ng abo 11 il -l iqui ; i I

cont ai ned a%%g gf@@%ug%%?g%?%g%?%ﬁé%ﬁhggﬂﬁﬁﬁﬁﬁ%ﬁg%%ﬁg%kﬁ%?ﬁgﬁzgggﬁﬁ%%ic

aci d. A)moxBURethafo sheiteswddedadded to the reaction zone to azeotrope out
this excess water. Overhead vapors were totally condensed and phased in an
“overhead decaft &RY rea@ﬁ%Fowsmau@éan@wmﬁéemag@lémgt@Oab%%@éévrtbﬁémgat er
concentrald o El@ct%ﬂgﬂgﬁ&ﬁ?& G, RNBS G 8l Wy QR0 C. PRAREL L BT b1 W8E PUNDEd
to the top’tray o col'unm section. a}d%n|c and aqueous phase products
were celdiestedifand aski ghedxsepas &t Was ARd Sy 888 BRaz3heth @teo@b@*r@m higEi C
pressure. WD 02/50016 PCT/USO /32267 9 0 9 JUN 2005 Exanple 1. TABLE 1
React oex@sh water. Oondiced gasomv¢rRetalltoondensed and phased in an overhead decanter.

Water was added to the decanter to decrease the water concentration in the organic phase relux.
Organic phase reflux was pumped to the top tray of the column section. Organic and aqueous
phase products were collected and weighed separately. The system operated at atmospheric

pressure.



Copr oduct i an t hyl Acetate and i soPropyl Acetate RUN A e % ETON
82.5701 8385)%’860@ .570 | PA 16.8201 16.820 16.820 %120 0. 253%.’%@?&%."?50
Organi ¢ Phase (OVHD Decanter) % HAC 0.002 0.002 0.001 % H20 4.6031 4.200
3.600 ETOH 1.210 1.238 0.630 |PA 0.890 0.780 0.584 nPROH 0.005 0.004 0.002
ETAC 81,211 81.662 82.908 % i PRAC 12. 000 “12. 050 12. 200 % nPRAC B.9gUho 2085
0.001 Aqueous Phase (OvHD Decanter) % HAC 0.000 0.000 0.000 % H20O 94.508
95. 157 94. 023 ETON 0.980 0. 850 0Eresiplg PAT&Bidd10. 600 0. 485 % nPROH 0. 000
0.000 0.000 % ETAC 3.550 3390 4c330n. EERAGQ 2004..0,:0001 0. 455 ia nPRAC
0.0001 0.000 0.000 Liqg. Ph: Catalyzed Reactlon Zone % HAC 67.4861 67. 486
67. 486 HROBugOm & Hbo! Acgen anETORrQR5A.coR50 0. 250 % | PA 0.3771 0. 377

0. 377 % nPROH-6-00604—0-0060-000—1—%FFAC18-830-318-8360—18-830—%+PRAC
9-—5380-nPRAC-O0-0911+-0-09106-091 AHA—Rati-os—Rerud—1HAc |
KK 9 440 4. B85 o 7an Fot Lol Brot il e t:e{)@% ALY SR

% IPA ~16:820] ~ 16.820]  16.820
%H20 0.250 0.250 0.250
Organic Phase (OVHD Decanter) % HAC 0.002 0.002 0.001
% H20 4.600 4,200 3.600
% ETOH 1.210 1.238 0.630
% IPA 0.890 0.780 0.584
% nPROH 0.005 0.004 0.002
% ETAC 81.211 81.662] 82.908
% iPRAC 12.000 12.050 12.200
% nPRAC 0.000 0.001 0.001
Agqueous Phase (OVHD Decanter) % HAC 0.000 0.000 0.000C
% H20 S4.508 95.157) 94.023
% ETOH 0.880 0.850 0.705
% IPA 0.760 0.800 0.485
% nPROH 0.000 0.000 0.000
% ETAC 3.550 3.390 4.330
% iPRAC 0.200 0.000 0.455
% nPRAC 0.000 0.000 0.000
Lig. Ph. Catalyzed Reaction Zone % HAC B67.486 67.488| 67.486
% H20 3.000 3.000 3.000
% ETOH 0.250 0.250 0.250
% IPA 0.377 0.377 0.377
% nPROH 0.000 0.000 0.000
% ETAC 18.830 18.830 18.830
% iPRAC 9.880 9.880 9.880
% nPRAC 0.091 0.091 0.091

Main Ratios .
Reflux/ HAc Feed K/IK 3.440 4.052 3.715
Reflux/Distillate K/K 1.652 1.845 1.837
Wash Water/Distillate KIK 0.117 0.1186 0.226
Wash Water/HAc Fead K/K 0.682 0.750 1.390
Recycled Esters/HAC Feed KIK 1.940 1.952 1.924
Crude EtAc/Crude iPrAc KIK 6.788 8.777 8.795
Base Temperature °C 98.81 98.9 102.7
Top temperature °C 70.8 71.1 71.9
Decanter Temperature | °C 28.0 25.0 24.0




Wash Wat

late | K/K 0.1171 0.116 0.226 Wash Vater

0. 6821 Oe\gégv%dégo Recycl ed Esters./HAc Feed K/ K 1.9401 1.

Et Ac/Crude i PrAc KK j 6.768] 6,7771 6.796 -T- |

28.01 26.0 24.0 WO 02/50016 PCT/ US01/ 32
2 Al cohols Striping Col um. Condtlon I
Acetate and i soPropyl Acetate W %D?R%Sﬁﬁ%gg
. 0053 0.0140 0.0007 0.0007
. 0012 2.0745 2.0745

7390 5.7390 NP

CouUuIoOoOOo

78.0 Exanple 1. TABLE 3 Ethyl

0195 0 0195 100, 0005 B BIEY HEIHo0t g BLoe oa

.34 Reflux/Disti!late KK 0.34 Top Tenperature C 71. 1 Base Tenperature C
Acetate Finishing Colum. Conditions and

g?ﬁ“ f%?f Orude

| j BaseTenperature |
98.81 98.9 102.7 Too tenperature 70.91%1. 1 71.9 Decanter Tenpe
7 10 Q JUN 12755 Exanpl

Results Coproduction of Ethyl Acetate and isoPropyl Acetate
Wt % FEED RESIDUE DISTILLATE REFLUX
HAC 0.0053 0.0140 0.0007 0.00Q7
H20 3.3250 0.0230 5.0500 5.0600
ETOH 1.3605 0.0012 2.0745 2.0745
IPA 0.9850 0.0028 1.4705 1.4705
NPROH 0.0009 0.0027 0.0000 0.0000
ETAC 83.8288 8C.3939 85.6327 85.6327
IPRAC 10.4300 -19.5350 5.7390 5.7390
NPRAC 0.0100 0.0230 0.0031 0.0031
OTHERS 0.0145 0.0048 0.0125 0.0195
100.0000 100.0000 100.0000 100.0000
Ratios
Residue/Feed K/K 034
Reflux/Distillate K/K 0.34
Top Temperature °C 71.1
Base Temperature °C 78.0
Example 1. TABLES3
Ethy! Acetate Finishing Column. Conditions and Results
Coproduction cof Ethyl Acetate and isoPropy! Acetate
Wt Y% Feed Distillate Residue
HAC 0.0021 0.0011 0.0049|
H20 0.0230 0.0252 0.0175
ETOH 0.0043 0.0054 0.0014
IPA 0.0032 0.0036| 0.0023
n-PROH 0.0000 0.0000 0.0000
ETAC 80.5539 99.9634 30.5454
i-PRAC 19.4070 0.0012 69.4052
n-PRAC 0.0082 0.0000 0.0223
Others 0.0004 0.00C1 0.0010
100.0000 100.0000 100.0000

MU C
Y 8eess
Copr oducti on of Ethyl

| STI LLATE REFLUX HAC

H20 3. 3250 0.0230 5.0600 5.0600 ETOH 1.3605

| PA 0.9650 0.00261 1.4705 1.4705 NPROH 0.0009 0.0027

. 0000 0.0000 ETAC 83. 8z@80oB(Ft30i89 CRRiMBR 2pngitiogland Refﬂmf‘ 10. 4900 19. 5350
» 0. 0145 0. 0046

esi due/ Feed K/ K




W % Feed, Bi,SkiJ,lat e Residue HAC 0.0021 0.0011 0.0049 H2Q-0,0230}0. 0252
0. 0175 EYGETG 0043 0. 00541 0. G014 | PA 0.0032 0. 00361 G 0093 PR

0. 0000 0.00001 0.0000 ETAC 1 80 55391 99.96341 30.5454 i-PRAC 19.40701

0. 00121 69.4052 n-PRAC 0.0062 0.00001 87. 0223 O hers 0.00041 og)?o&gnmg}gglo
100. 0000 100. 0000 1 100.0000 \V' C 0 2/500 16 PCTrUS01132267 11 UN"20D%
Rati os Residue/Feed 1UK 0.27 Reflur, llDi,[sti |late I'VK 3.15 Top Tenperature C
76.4 Base Tenperature C 84.4 Exanpl e 1""95TABLE 4 i soPr opyl Acetate

Fi ni shing Colum. Conditions and Results Coproduction of Ethyl Acetate and
i soPropyl Acetate W' EEED RESIDUE DI STILILATE H?0O Q. 0440 0 0173 0.0635 MC
0. 00281 0. 0004} 0.0046 | | PA 0.R3628e/Bee0005 0. 0047K/H¢ PROH 006000 0. 0000

0. 0000 EtAc 29.4221 0./0048 Sefu2Pistile®r Ac 70. 51B7A&L 99/ 9531.143. 2007 nPrAc
0.00771 0.01771 0.0003 | i npumbp TeGp&aidR27 0. 0026 *@¢ 0028 HAC40.0021 0.0036
0.0010 100.00001 100. 0000 I108,{0RR reratre °C 344

Example 1. TABLE 4 -

isoPropyl Acetate Finishing Column. Conditions and Results

Coproduction of Ethyl Acetate and isoPropyl Acetate

WT % FEED RESIDUE DISTILLATE
H20 0.0440 0.0173 0.0635
MC 0.0028 0.0004 0.0046
IPA 0.0029 0.0005 0.0047
N-PROH 0.0000 0.0000 0.0000
EtAc 29.4221 0.0048 56.7224
iPrAc 70.5157 89.8531 43.2007
nPrAc 0.0077 0.0177 0.0003
impurities 0.0027 0.0026 0.0028
HAC . 0.0021 0.0036 0.0010
100.0000 100.0000 100.0000
Ratios

Residue/Feed K/K 0.49

Reflux/Distillate K/K 3.4

Top Temperature °C 82.7

Base Temperature - °C 90.1




Rati os Resi due ed UK 0.49 Refhix/Distillate K/ TC 3.4 mperature C
82.7 Bageé fi?“e‘z‘rr({gggature C 90.1 WO 02/50016 - PCT/ Us61/ 32267%%2[%%"3 N 2"RS

Exanpl e 2. TABLE 5 Reactor Columm. Conditions and Results Coproduction of
Et hyl Acetate and isoPropyl Acetate RUN A B Feed % ETOH 57.5 10.2 PA 40.66
89.8 %20 0.018 0.0 Orcanic Phase (OvHD'Decanter) % HAC 0.0 0.0 { % WuB 2189
1.89 %ETON 0.75 0.06 2.08 2.05 nPROH 0.0 0.0 ETAC 64.921 11.66 i PRAC
28.86 79.57 nPRAC O G 0.0 AqueouBxprakel-(MB-Becanter) % HAC 0.0 0.0 %
H2O 85.7 88.35 % EfDH 2. 61 225, PAudn?Eodkif5hs UaRROHO. 0 0.0 O o ETAC
6.891 1.54 % iPR AC 1.05 3,17 UmPRAC 1 0.01 0.0 Liqg. Ph. Catalyzed
Reaction Zone % HAC 81Cupr@icsion ofiRithyl Aeptatemnd isoPropyl Acetate

RUN A B

Feed % ETOH 57.5 10.2
% IPA 40.66 89.8
%H20 0.018 0.0
Orgznic Phase (OVHD Decanter) % HAC 0.0 0.0
% H20 3.38 1.89
% ETOH 0.75 0.06
% 17 *, 2.08 2.05
% nPROH 0.0 0.0
% ETAC 64.92 11.66
% iIPRAC 28.86 79.57
% nPRAC 0.0 0.0
Agueous Phase (OVHD Decanter) % HAC 0.0 0.0
% H20 85.7 88.35
% ETOH 2.61 0.25
% [PA 3.75 495
% nPROH 0.0 0.0
% ETAC 6.89 1.54
% IPRAC 1.05 3.12
% nPRAC 0.0 0.0
Lig. Ph. Catalyzed Reaction Zone % HAC 81.19 80.59
% H20 1.74 2.4
% ETOH 0.18 0.0
% IPA 0.7 0.75
% nPROH 0.0 0.0
% ETAC 9.88 1.29
% iPRAC 6.32 13.6
% nPRAC 0.0 R

Main Ratios .
Reflux/ HOAc Feed K/K 4.02 402
Refiux/Distillate : K/K 1.16 1.57
Wash Water/Distillate K/K 0.225 0.215
Wash Water/HOAc Feed K/IK 0.784 0.77
Recvcled Esters/HOAcC Feed K/K 1.438 0.45
Crugs EtAc/Crude iPrAc K/K 2.25 0.15
B “emperature °C 107 102
Tor emperature °C 4 78
Decanter Temperature °C 5 5




ETOH 0.18 0.0 % IPA 0.7 0.75 % nPROH 0.0 OA ETAC 9.881 1.29 % | PRAC 6. 321
13.6 nPRAC 0.0 C (Main Ratios Redux/ HOAc Feed K/ K 4.02; 4.C2 RebxaNi i
Distillate K/K 1,161 57 Wash Water/Diktillate i K/ K 0.2251 0.215' ¢ Sa8H 2015
Wat er/ HOAc Feed K/ K 0.7841 0.77 Recvcled Esters/HOAc Feed K,'K 1.438 0.45
Crude EtAc/Crude iPrAc K/ K 225 0.15 E "enpera*.ure C 107! 109 enperature =C
74 78 17 DecanterTenperature | ~C SLAIMS UN ngr CLAIMS What we claimis:
1. A proc f or lt he.simul t aneous coproduction and recovery of ethyl acetate
and isop?@%@ﬁwﬁﬁéF%f%, conprising the steps of. (a) reacting a stream

conpri si ng|. et hag @rocRBfor HRPSMRMAnALE BEYbdWtioh aA€ eddoerddf@thyil AcetitBand i qui d
phase, in the presence of an acidic catalyst wherein the reaction is

carried oufonrepy acetale: sympriingiihe stepapfiel evat ed tenperature and pressure
sufficient to effect esterification of the ethanol and isopropyl alcohol to

form a m xt uf@ redctingarsjfrieam cemprigingrethangbandopgnropyd edeohe!l with acetemasid,nig t he

m xture of ethy|. acetate .and i sopropyl. acetate om t.he .reactor . colum as
o over head 1% s TRHE Bnhe PRGST e Buaifb dalwy sl BErfietoR Tt
reaction progugied Bukins esactod coR@Rps4tadn devatddeteipatatiite hA@ phdsOite RuMARGE M Xt ure
into an organi c phase conprising ethyl acetate and isopropyl acetate and an

aqueous phasé elegbresterifigatiqar ¢fnideiethanghamd isopropyl alcohol to form a mixture of

ethyl acetate and isopropyl acetate;

(b) removing the mixture of ethyl acetate and isopropyl acetate from the reactor

column as an overhead stream;
(c) condensing the overhead stream to form a liquid reaction product mixture;

(d) separating the liquid reaction product mixture into an organic phase
comprising ethyl acetate and isopropyl acetate and an aqueous phase comprising

primarily water;

(e) directing the organic phase to a first distillation column and removing a stream

comprising ethyl acetate and isopropyl acetate from the first distillation column;

(f) directing the stream from the first distillation column to a second distillation
column and removing an ethyl acetate product stream from the top of the second
distillation column and a steam comprising isopropyl acetate from the bottom of

the second distillation column; and

(g) directing the stream comprising isopropyl acetate to a third distillation column
and removing an isopropyl acetate product stream from the bottom of the third

distillation column.

2. The process of claim 1 wherein the stream comprising ethanol and isopropyl
alcohol is subjected to azeotropic distillation to produce a purified stream comprised
of ethanol and isopropyl alcohol and comprising less than 300 ppm of an alcohol

having a boiling point greater than the boiling point of isopropyl alcohol.



(e) directing the organic phase to a first distillation colum and renovi ng
a stream conprising ethyl acetate and isopropyl acetate fromthe fi[ﬂiﬁé" ‘
distillation colum; (f) directing thetstreamfromthe first di dt B |EWS
columm to a second distillation colum and renoving an ethyl acetate
product streamfromthe top of the second distillation colum and a steam
conpri si ng.i sopfhepyocess eff aiaamf 2 eietelre theattteam ainprising stbamr dndiisiprdgdyht i on

col umm; an . directing the stream.c ri.si.ng i sopropyl acetate to a third
distillat iag‘fP(th)’ls Vecghﬂglraeﬁﬁ?heﬁ ropsch gg@?%ﬁ%}f‘g’éecet ate product stream from
the bottomof the third distillation colum. 2. The process of claim1

wherein the stream conprising ethanol and isopropyl alcohol is subjected to
azeot r opi c-di stThel protesa of ¢lasmoldwderein therstichmdcosmprising ebannl iasd dsopedpyet hanol

2 boi 11 ng el o8 Bend iR T RS RS sbd B LSRRl bR 127Vo"™

3. The prqgess of claim2 wherein the stream conpri sing ethanol and
i sopropyl al cohol is derived froma Fischer Tropsch al cohol m xture. 4. The
process of claim1 wherein the stream conprising ethanol and isopropyl

al cohol is. a Fischer Tropsech _a) cqhol. m. xtur d the, streami,s not purified
oo oo B Siheets B3 S Ml A LASLAEE T Tehim i |
acet at e andeta®oRt PRYduce@ ettt Rabe cHluMEILEEAre Repai@ted €aed ethyr adeti® agdd ar e
separated formethyl acetate and |soPr opyl acetate during recovery of ethyl

acet at e arigerrepypegigte dusag saceverg of Tthyl gnetpteany iseprepdiagetatenher ei n the stream
conprising ethanol and isopropyl alcohol conprises fromabout 10%to about
90% et hanol and from about 10%to about 90% i sopropyl alcohol. 7. The

process ofg cl aiTheSprobek @f R1difes sheRaMROMRamSIongprRittasthhinod REd iisPRsIDY |
al cohol conprises from about 60%to about 80% et hanol and from about 20%to
about 40%@3lenhel epmprisgscizem| abogt 19Hetgppbre H%prtheneli aads fipeplaud 104eko of t he

et hyl acetag%)%&t%f-agﬁ?ggog&fa%%qyl acetate is recovered at greater than about

99. 5% puri ocess of 4 wherein each of the ethyl acetate and the
i sopropyl acetate is recovered at a purity of greater than 99. 7%

7. The process of claim 5 wherein the stream comprising ethanol and isopropyl
alcohol comprises from about 60% to about 80% ethanol and from about 20% to

about 40% isopropyl alcohol.

8. The process of claim 4 wherein each of the ethyl acetate and the isopropyl

acetate is recovered at greater than about 99.5% purity.

9. The process of 4 wherein each of the ethyl acetate and the isopropyl acetate is

recovered at a purity of greater than 99.7%.





