WO 01/ 96275 PCT/ US01/ 18534 PRODUCTI ON OF TERTI ARY BUTYL ACETATE FROM MIBE
BACKGROUND Rel evant background information for consideration includes the
fol |l ow ngwoghArer’a 5 incorporated by reference: US 3,102, 9@ayuddp18s3644, 497,
US 5, 866, 714, US 5,994,578, PCT WD 99/54276, and US 3,678,099. The
reaction of isobutylene and acetic acid in the presence of an acid catal yst
and excess reactant is well known in the art. Tertiary butyl acetate,
("t-BuAc"), is typically produced by an acid catal yzed acetoxyl ati on of

i sobutyl ene wi tBi%&UéUCtTIQ(N OF(TERIREARY BUE YILACETATHFRQVMEVITBE ont ai ni ng
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Ether 25 ("ETBE"), as a raw material, conpared to the current use of
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15  withdrawal of product, etc), and, temperature of the reaction mixture as it is fed to the column.
A common occurrence is the buildup of (isobutylene) dimer or neutralized catalyst in the column
during the distillation process, leading to siudge formation and ultimately requiring shut down
and/or clean out of the column.
It is thus desirable to produce t-butyl acetate with an alternative source of acetoxylation
20 target, or in other words, a material more widely available than pure isobutylene. The traditional
problems associated with prior art methods are thereby minimized or avoided as well as the high
cost of using purified isobutylene.
The present invention provides an advantage in production of t-butyl acetate from readily
available and lower cost Methyl Tertiary Butyl Ether (“MTBE”), or Ethyl Tertiary Butyl Ether
25  (“ETBE”), as a raw material, compared to the current use of higher cost isobutylene. The
present inventive route also utilizes acetic anhydride production, and optionally, methyl acetate

hydrolysis.

SUMMARY

30 Disclosed herein is a process for the production of t-butyl acetate and co-production of
methyl acetate (MeAc), or ethyl acetate (EtAc), directly from MTBE, or ETBE, by contacting a
mixture of acetic acid, acetic anhydride, and MTBE, or alternatively ETBE, with an acid catalyst.



SUMVARY 30 Di sclosed herein is a process for the production of t-butyl
acetate and co-production of nethyl acetate (MeAc), or ethyl acetate

(Et Ac), dveertd2ysfrom MIBE, or ETBE, by contacting a m xpOar/@safisasietic
acid, acetic anhydride, and MIBE, or alternatively ETBE, with an acid
catal yst. WD 01/96275 PCT/ US01/ 18534 2 The catal yst may be a strongly

aci di c ion-exchange resin, such as a mécroreticular type resin. Typically
the reaction pressure is nmaintained at about 1 to 5 atnospheres and the
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schene &lgideBEn®ERSEIYT thOWRMheR, and¥ptAtibSothe PfeebNVENTI ON The typi cal and
generally preferred route to t-BuAc is via a purified grade of isobutylene,

15 for exanplté prefeass sapurdfy darercrgivbunixiies eontdipingidutyl npesate disBusedMeAc,
avai | abj l4.t.y .of. chem cal..gr ade isohutvl ene.can be a problem due to the
difficuIP§A¥&y§§%§?%1gghuo m%%ﬁﬁﬁ??ﬁ@ﬂét?wgﬁWS%her cl ose boiling point
hydr ocar bons. One nethod to obtain purified isobutylene is via acid

catalyzed cracking of MIBE, followed by a relatively easy separation of
t he i sMEE@Cm%MQWWDW@IﬁSand residual MIBE. This pure

i sobut y{ ene ﬁan thgggbe.us d inf@h acet 0x I%tion reactor 20 (see US
3, 102, SOLFEThi e BEQEBRES PAvES LR BFGor BEEOn  ect route from
comercially avail able, low cost MIBE to t-BuAc. The reaction is conducted
with acid catal ysis usi ngi acetic acid as a solvent and reactant by

addi t i oRESALY OFi HEANYENTAON Ac20), and MIBE to produce t-BuAc with co-
The typical and generally preferred route to t-BuAc is via a purified grade of isobutylene,

15  for example, chemical grade isobutylene. However, the cost and availability of chemical grade
isobutylene can be a problem due to the difficulty in separation of isobutylene from other close
boiling point hydrocarbons. One method to obtain purified isobutylene is via acid catalyzed
cracking of MTBE, followed by a relatively easy separation of the isobutylene from methanol
(MeOH) and residual MTBE. This pure isobutylene can then be used in an acetoxylation reactor

20 (see US 3,102,905).

This present invention provides a direct route from commercially available, low cost
MTBE to t-BuAc. The reaction is conducted with acid catalysis using acetic acid as a solvent
and reactant by addition of acetic anhydride (Ac,0), and MTBE to produce t-BuAc with co-
production of MeAc. The MeAc, for example, can be purified for sales, hydrolyzed to methanol

25  and acetic acid for recovery, or used as carbonylation feedstock for production of Ac,0. Also,

ETBE, can be substituted for MTBE to co-produce t-BuAc and EtAc.

30



production of MeAc. The MeAc, for exanple, can be purified for sales,
hydrol yzed to nethanol 25 and acetic acid for recovery, or used as

car bonyl a¥o® en9d2eedst ock for production of Ac20 Al so, ETBEr/Usarsh:
substituted for MIBE to co-produce t-BuAc and Et Ac. 30 WD 01/ 96275

PCT/ USO01/ 18534 3 Schene 1 eq.1) MIBE > isobutylene + MeOH 5 eq. 2)

i sobutyl ene + HOAc t - BuAc eq.3) MeOH + HOAc MeAc + H2O 10 eq.4) Ac20 +
H2ZO H+ > 2HOAC -----------------“---------- MIBE + Ac20 ->t - BuAc + MeAc
15 Vari bekemmhpet i ng reactions are occurring in the production of t-BuAc
which lead to reaction i ?Effi ciency, or lower yield of desired product.

Tertiary butyk al)cMﬁEBE obﬂitbrtéﬁe—}cﬁzfe(bﬂ formed under acetoxyl ation
reaction condi t| ons by tke—+eaction of water with isobutylene, is

controlled by the use of Ac20 as a reactant in this invention. The
formati on of t-BuOH conpetes with the desired formation of t-BuAc and

t hergf ore, re@q@q@bgu@léﬁ@qqq@g{dm@@@iﬁgﬁ@ncy | oss. Anot her reaction
inefficiency is via the dinerizatien—of isobutylene primary to form

di i sobutylene (DIB). The formation of DIB in the reaction step of this
inventive process is mnimzed ?%nuti lizing known control techniques that

i ncl ude: | ower, SO vyl ene in contact with the
acid catal yst, h{%w ten]%(e)fgﬁ}r%eapex a?\l/_lgé'chP%J@by control of the catalyst

activity. 25 The reactions of MIBE and Ac20 in acetic acid are acid
catal yzed and can be run in either batch or continuous nodes. Reactive

distillati on e drEI*Ve sired reactions to conpletion by
addi@i on of 56"gljtzhe top O?ﬁﬁﬁlggdl stillation or fractionation

col um, I\/rI'BE feed to the bottomof the colum, with MeAc taken as the

distillate and ajpxturg of o Ac &+ MeAc

15 Various competing reactions are occurring in the production of t-BuAc which lead to
reaction inefficiency, or lower yield of desired product. Tertiary butyl alcohol (t-BuOH) which
can be formed under acetoxylation reaction conditions by the reaction of water with isobutylene,
is controlled by the use of Ac,O as a reactant in this invention. The formation of t-BuOH
competes with the desired formation of t-BuAc and therefore, represents a raw material

20  efficiency loss. Another reaction inefficiency is via the dimerization of isobutylene primary to
form diisobutylene (DIB). The formation of DIB in the reaction step of this inventive process is
minimized by utilizing known control techniques that include: lowering the concentration of
isobutylene in contact with the acid catalyst, low temperature operation, and by control of the
catalyst activity.

25 The reactions of MTBE and Ac,O in acetic acid are acid catalyzed and can be run in
either batch or continuous modes. Reactive distillation can be used to drive the desired reactions
to completion by addition of Ac,0/HOAc at the top of the distillation or fractionation column,
MTBE feed to the bottom of the column, with MeAc taken as the distillate and a mixture of
HOACc and t-BuAc as the residue stream. Pure t-BuAc can be recovered from the reactive

30 distillation column residue by fractional distillation. The reactive distillation overhead MeAc
stream could, for example, be purified for sales, used for Ac,O production by carbonylation, or

hydrolyzed to MeOH and HOAc; where the HOAc could be used in production of Ac,0. The



HOAc and t-BuAc as the residue stream Pure t-BuAc can be recovered from
the reactive 30 distillation colum residue by fractional distillation. The
reacti ve wid 8t/dd2iat i on overhead MeAc stream coul d, for exmapiusgi/tsesspurified
for sales, used for Ac20 production by carbonylation, or hydrolyzed to
MeOH and HOAc; where the HOAc could be used in production of Ac20. The WO
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t he spe@WL@modi ments which are disclosed and still obtain a |ike or
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15 chromatography. The values in the Tables are the result of reaction conditions, product analyses,
and calculations.

Temperatures in the catalyst beds were measured for operation at various reaction conditions
and at different catalyst levels. Peak catalyst bed temperatures were generally 10°C higher than the
preheat / coolant settings used in Examples I and 1L

20 The data listed in Tables I and II are for liquid reactor product taken at atmospheric pressure
and ambient temperature. The letters A and B represent reactants.
Conversion of A = 100% (Amount of A in the product)/(Amount of A in the feed)
Selectivity of A to B = (Actual amount of B found in the product)/(Amount of B that could have
theoretically been made from the amount of A that was converted) x 100%.

25 |
Example 1
Summarizes the various runs found in Table I.

A mixture containing 47.8 wt.% acetic acid, 28.9 wt.% Ac,0 and 23.9% MTBE was
preheated to a temperature of 40 °C and was fed at a rate of 1.85 g/minutes to an ion-exchange

30  catalyst bed containing 6.08 g (8.61 cc) Rohm and Haas A-36® macroreticular ion-exchange resin
(Run 13-2). The trickle bed reactor was jacketed and fed coolant at the same temperature as the

preheat section, and was operated at atmospheric pressure. The reactor product was analyzed to



Selectivity of Ato B = (Actual amount of B found in the product)/ ( Anrount
of B that could have theoretically been nade fromthe anpbunt of A that was
convert edyOr1/42@% 25 Exanple 1 Sunmari zes the various rureTAUSUI3534n Tabl e
. A mxture containing 47.8 w.% acetic acid, 28.9 wt.% Ac20 and 23. 9%
MIBE was preheated to a tenperature of 40 C and was fed at a rate of 1.85
g/mnutes to an ion-exchange 30 catal y55t bed containing 6.08 g (8.61 cc)
Rohm and Haas A-360 nacroreticul ar ion-exchange resin (Run 13-2). The

trickl ecoadn | 84¥ isebutileng, d&RéYeaacthyl@cstels, G oY &httyhalcolivd &@ite ttdmpdratiatee as

the pr t HONe rated at a ric pressure. The .reactor
pr oduct nag HEERG 13t SRRt gBE AR b Bl TS 8a 5 S BisR  Pepteg GineD)

i sobut ydr@ne339% %ottt Yeimels il oBs@h@t e ThOMBBSE tobt¥dn whe@@ate Bio®bt%d s
acetate, 59.17%Jd0Ac, 7.24% 2,4,4-trinmethyl-1-pentene

(di mer )2 selestivasy of 27¢7% re theytertaranyleasetated i Fhis same faedstotk 3@enfedioghe tedctoents

and ol i . 791 versi.on S ul ated t.0 98,6% Wi t h

el oot 1B oy 7oL Bl S R L RL A 72 30T B bSO oo e P Hstet oBlaRt s
fed to wheloveaed @ 3RCCandahe Seedfwab debraabel 786 Bhmuteerof ®unRUns. W ndx@pd
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used | ORI %8 dy 2475 Wi VB G R DppPl o agiona 4

| ess Ac@fs.usage than in other runs. 10 Data from Exanple | runs were
conbined in the followng Table I: Table I: A-3600 | ER Catal yzed

Ace]tooxyl ation of MIBE to t-Butyl Acetate 15 Run # 13-2 17-2 17-4 17-6 21-2

21-4 21%%&1 {r-gg'gﬁggrg}gl%g%gg%vedf cérgbiérllgd %Sthg’%olflo(ﬁ)zviﬁ'g TabFlg?:d rate, g/mn. 1.853.71

7.40 1.

Table I: A-36® IER Catalyzed Acetoxylation of MTBE to t-Butyl Acetate

15 Run# 13-2 17-2 17-4 17-6 212 214  21-6
Temperature, °C 40 40 40 35 35 40 40
Feed rate, g/min. 1.85 3.71 7.40 1.86 1.86 1.86 3.66

MTBE Conversion,%  98.6 97.6 72.7 96.1 92.52 949 97.4
Selectivity to t-BuAc,% 27.6 28.9 56.3 48.2 454 35.7 36.2

20  isobutylene, wt.% 1.37 242 3.06 2.50 2.06 1.99 2.77
methyl acetate, wt.% 1524 1534 1172 1523 1534 1573 15.07
MTBE, wt.% 0.33 0.55 6.47 0.90 1.87 1.27 1.83

t-butyl alcohol, wt.% 0.52 0.24 <0.1 0.11 0.78 1.15 0.63

t-butyl acetate, wt.% 8.61 8.82 12.81 1449 1393 1123 11.68
25  total dimers wt.% 9.07 8.83 1.62 5.97 6.79 8.65 7.24

total trimers wt.% 4.33 5.92 0.68 2.05 1.70 1.97 2.02

Rohm and Haas A-36® Amberlyst-36 macroreticular ion-exchange resin .
Total oligomer content per run ranged from about 2-15 wt.%, while MTBE conversion ranged from

30 about 72 to 99% conversion.



MIBE Conversion,%98.6 97.6 72.7 96.1 92.52 94.9 97.4 Selectivity to
t-BuAc, % 27.6 28.9 56.3 48.2 45.4 35.7 36.2 20 isobutylene, w.% 1. 37 2.42
3.06 2. 50WQ@00%21599 2.77 nethyl acetate, w.% 15.24 15. 3ECT/UST2183%H. 23
15.34 15.73 15.07 MIBE, w.% 0.33 0.55 6.47 0.90 1.87 1.27 1.83 t-butyl

al cohol, wt.%0.52 0.24 <0.1 0.11 0.78 1.15 0.63 t-butyl acetate, w.%
8.61 8.82 12.81 14.49 13.93 11.23 11.6& 25 total dimers wt.%9.07 8.83 1.62
5.97 6.79 8.65 7.24 total triners wt.%4.33 5.92 0.68 2.05 1.70 1.97 2.02
Rohm an@xampke 2A- 3600 Anber|yst-36 macroreticul ar i on-exchange resin. Total
oligo er. : t 15 wt.% while MIBE conversion
rangeﬁ? orﬁ’% 23&5’%%’?5%65%1@%9%%%%\%@‘%@1@ D 01/ 96275 PCT/ USO1/ 18534 6
Exanpl e 2 ExampkeroSI36eaki. %edTBRe4 .01 desadetio acifl oD 8i47 wWiedalaetid anhfdride

m xture of 23.66 wt.% MIBE, 47.01 w.%acetic acid, and 28.47 w. % acetic
anhydr i Wes fodee afjacketed, Hicklechediraastortqontaiaing pddg (at exrof Eohonnsd HepsdBT{1®
(10.c7 ¢ n T- Ldic i exchan resin.
Feed 1 Bl SRIEIE S hRER o 5P o ShieRRR WlBliefic) O FOHSTy, &
series wieduns seie¥lhmedmntrizbeid b fdwwigg Takled: | | Table I'1: DPT-1 A-360
DPT-1 | ER Catal yzed Acetoxylation of MIBE to t-Butyl Acetate 10 Run 4 33-2
33-4 33-6 37-2 37-4 37-7 37-9 41-1 41-3 Tenperature, C 40 40 40 40 40 40

e coryPaF R Giay §OTP 1 HERT S Rpdiattn JeSiret g BudbadedB 00 0V 1

to t-BuAc, % 68.7 69.8 72.3 73.5 75.9 73.2 74.4 75.7 79.5 15 isobutyl ene,
wt.%;Z.SS 2.86 2.80 2.78 2.50 2.22 2.16 2.20 2.20

Run # 33-2 33-4 33-6 372 37-4 37-7 379 41-1 413
Temperature, °C 40 40 40 40 40 40 35 35 35
Feed rate, g/min. 375 290 220 136 065 031 136 136 0.68

MTBE Conversion,% 69.8 723 752 879 936 965 757 78.8 88.8
Selectivity to t-BuAc,%  68.7 69.8 723 735 759 732 744 757 795

15 isobutylene, wt.% 258 286 280 278 250 222 216 220 2.20
methyl acetate, wt.% 11.08 1141 12.06 13.74 14.80 15.02 11.65 122 1391
MTBE, wt.% 7.16 655 586 285 152 083 574 503 285
t-butyl alcohol, wt.% 0 0 0 0 0 0.03 O 0 0
t-butyl acetate, wt.% 14.95 1575 1696 20.14 22.13 22.02 17.58 18.60 22.57

20 acetic acid, wt.% 5233 51.14 51.50 52.33 52.17 52.58 50.81 51.49 50.91
acetic anhydride, wt.% 822 754 6.66 239 .063 0 6.79 552 2.89
total dimers, wt.% 029 025 027 063 094 153 056 021 0.30

Dimer content from runs in Table II ranged from about 0.2 to 1 wt.%, while MTBE conversion ranged

25  from about 69 to 94% conversion.

The data illustrate the production of t-butyl acetate and methyl acetate from MTBE, acetic
acid, and acetic anhydride. The reactants are readily available raw materials. The reaction
proceeded with use of a strong acid catalyst. A range of conditions was demonstrated and a range

30 ofresults was produced. A review of Tables I and II show that the key conversion, i.e., MTBE
conversion, ranged from about 69% to about 99%. The key efficiency loss is the dimerization of
isobutylene (formed as an intermediate in this process) to oligomers (dimers plus trimers). This

inefficiency loss arose due to an irreversible loss of raw material, and it ranged from about 1% to



met hyl acetate, w.% 11.08 11.41 12.06 13.74 14.80 15.02 11.65 12.2 13.91
MIBE, wt.% 7.16 6.55 5.86 2.85 1.52 0.83 5.74 5.03 2.85 t-butyl alcohol,
Ww.%0 O0W001/%206503 0 0 0 t-butyl acetate, wt.% 14. 95 15r@CBHUSE/B83420. 14
22.13 22.02 17.58 18.60 22.57 20 acetic acid, w.%52.33 51.14 51.50 52.33
52.17 52.58 50.81 51.49 50.91 acetic anhydride, w.%8.22 7.54 6.66 2.39
.063 0 6.79 5.52 2.89 total diiners, wt.%0.29 0.25 0.27 0.63 0.94 1.53
0.56 0.21 0.30 Diener content fromruns in Table Il ranged from about 0.2

to 1 w4 Alhreehvinsdesmhizde bavsnowampagts of sobytylenemylirbwyl alephgljogthe reactor
convers

met hyl 1@ (ggggFga&3W#EE&ﬁg%§%§8%ﬂﬁﬂ%%RQH%éﬂace &ngﬁh §Em§%%&$%%m&. ants
are r eatthlrjecdatoahd mbtier wawve Mdyewilbpreducthdutydacdtito Bsinptiocprded. Wi t h use of a
strong acid catalyst. A range of conditions was denonstrated and a range 30
of results was produced. A review of Tables | and Il show that the key
conversion, i.e., MIBE conversion, ranged from about 69%to about 99% The
key efficiency loss is the dinerization of isobutylene (formed as an
internediate in this process) to oligoners (dimers plus trimers). This
inefficiency |loss arose due to an irreversible loss of raw material, and it
ranged from about 1%to WO 01/96275 PCT/US01/ 18534 7 40% Although it is
desirable to have | ow anobunts of isobutylene and t-butyl alcohol in the
reactor product it is envisioned that these two materials can both be
recovered by standard techniques and returned to the reactor where they

w Il produce t-butyl acetate using this process. WO 01/96275 PCT/ US01/ 18534
8 CLAIMS 1. A process for production of t-butyl acetate and co-production
of nmethyl acetate directly from MIBE (Methyl Tertiary Butyl Ether) by
contacting a m xture of acetic acid, acetic anhydride, and MIBE with an
acid catal yst.




5 2. A process for production of t-butyl acetate and co-production of ethyl
acetate directly fromETBE (Ethyl Tertiary Butyl Ether) by contacting a
m xture o¥oavs2rx aci d, acetic anhydride, and ETBE w th paT/@seidssst al yst .
3. The process of claim1l where the catalyst is a strongly acidic

i on-exchange resin. 4. The process of claim 3 where the catalyst is a
macroreticul ar type catalyst. 10 5. Theb process of claim2 where the
catalyst is a strongly acidic ion-exchange resin. 6. The process of claim
5 wher eCLAéMBat al yst is a nacroreticul ar type catalyst. 7. The process of
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brocess of clarriooumnatbatiottiold Shaailc) BAMRHR b fRl acthc i egy
9. The poeQEIBEGMhATatAryBaiyEEhet) B vaitsitian aofixfof B8 dcsti @itd hedtictanaydradeput

69% 15 10. The process of claim9 wherein conversion of ETBE is greater
t han ab#if MABNE with an 7pid cglabiséss of claim 1 wherein selectivity towards
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sel ectivity fova c 1S greater’ t € process

cl ai m 1feherEBR(Hihd Tefiaey Bafyl Bthes Y ténthsingBhiikiaiddcdic agldoatetid ath§dfde, and
atnospheres and the reaction tenperatures are in a range of from about 10
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16. The process of claim 15 wherein the reaction tenperatures are in a

rante of frof alsytrocesgoiigaim 2 whee tlg catalyst is a strongly acidic ion-exchange resin.
6. The process of claim 5 where the catalyst is a macroreticular type catalyst.
7. The process of claim 1 wherein conversion of MTBE is greater than about 69%.
8. The process of claim 7 wherein conversion of MTBE is greater than about 75%.
9. The process of claim 2 wherein conversion of ETBE is greater than about 69%.
15 10. The process of claim 9 wherein conversion of ETBE is greater than about 75%.
11. The process of claim 1 wherein selectivity towards t-BuAc is greater than about 25%.
12. The process of claim 2 wherein selectivity towards t-BuAc is greater than about 25%.
13. The process of claim 1 wherein the reaction pressure is maintained at about 1 to 5
atmospheres and the reaction temperatures are in a range of from about 10° to 100 °C.
20 14. The process of claim 13 wherein the reaction temperatures are in a range of from about
40°to 70°C.
15. The process of claim 2 wherein the reaction pressure is maintained at about 1 to 5
atmospheres and the reaction temperatures are in a range of from about 10° to 100°C.

16. The process of claim 15 wherein the reaction temperatures are in a range of from about

25 40°to 70°C.



