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PROCESSES FOR MAKING METHACRYLIC ACID

Fiald of the invention

{0001} The present application concems processes for making
mathacrvlic acid via methacrolein from izobulens.

Backaround At

[0002] In this regard, isobutene is widely used for the production of a
variety of industrially important products, and has been used o maks
methacrvlic acid via methacrolein i one commercialy known roudes,
lsobudene has however been produced commercially to date through the
cataiytic or steam cracking of fossit feadstocks. As fossil resources are
deplated andior become more costly to use, renewable souwrce-based roules
{6 sobuiens are inoreasingly needed ~ especially in consideration of
inereased demand for isobutens.

[OG03IA hard-tfemplate method has previously been desoribed for
synthesizing ZnZr,Q, mixed oxides for the direct and high vield comversion of
ethanol (rom the fermentation of carbohydrates from renewable source
materials, including biomass) {o iscbutene, whearein Zn0 was added fo 210y o
selectively passivate zirconia's strong Lewis acidio sites and weaken Bronsted
acidic sites while simultaneously infroducing basicity. The objectives of the
hard template method were o suppress ethanol dehydration and acetone
polymerization, while enabling a surface basio site-calalyzed ethanal
dehydrogenation o acetaldenyde, an acetaldehyde (o acslone conversion via
aldol-condensation/dehydrogenation, and a Brinsted and Lewis acidic/hasic
site-catalyzed acelone-to-isobitene reaction pathway.

[0004] High isobutene yvields were in fact realized, but unforlunately, ag
later experienced by Mizuno st al, (Mizuno et al., "Une ~path and Selective
Conversion of Ethanol to Propene on Scandium-modifind iIndium Oxide
Catalysts”, Chem. Lefl, vol. 41, pp. 882-804 {2012} in their eforts o produce
propylens fram ethanal, i was found that further improvements in the

catalyst's stability wers neaded.
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Summary Of The Invention
{0008} Our United States Palent Application Ser. No. 81/7230,433 {the
" 433 application”), fited Qctoher 31, 2012 for “Stable Mixed Oxide Catalysts
for Direct Conversion of Ethanol o fsobutene and Process for Making” |

concems the discovery that these improvements could be realized without
adding modifying metals and without a reduction in the initial high activity (100
percent ethanol convearsion} that had been observad in these mixed oxide
catalysts. The 437 application thus in sum concems an improved stability,
wonger lifefime catalyst for converting ethanol o isohutene.

{0008] Separately, we discovered that acetic acid, rather than sthanol,
may be converted {0 a biobased isobutens product using certain mixed oxide
catatysts, including a mixed axide catalyst as made in the 433 application.
This discovery becams the basis for Unifed States Patent Apglication Ser. No.
B1/737,312 (the " 312 application™), filed December 14, 2012 for ‘Frocess and
Catalyst for Conversion of Acatic Acid to isobutens”.

{0007 Building on these discoveries, the present invention in one
aspect concems a procass for making methacnvlic acid via methacrolain fram
a binbased isobutene, wherein the biobased isobutene is prepared from
sthanol in the presence of a ZnZn 0, mixed oxide catalyst, the bicbased
isobutene is oxidized to methacrolein and the methacrolain is oxidized o
methaorylic acid,

[0008] In certain embodiments according o this first aspect, the
£n ey mixed oxide catalyst exhibits improved stabiiity for the conversion,
exhiiting less than 10 percent ivss, maore preferably less than 5 percent foss
and stiil more preferably less than 2 percent i0ss in iscbutene selsctivity over
a period of 200 hours on sfream. In other embodiments, the Indn D, mixed
oxide catalyst is made by a process as described it the 433 application,
broadly comprising forming a solution of one or more Zn compaunds,
cambining one of more zirconium-containing solids with the solution of one or
mare Zn compounds, drying the wetted sofids, then calcining the driad solids.

[G0081In a second, related aspect, the present invention concems a
process for making methacrylic acid via methacrolein from a bichased
ischutene, whergin the biohased isobutene is prepared from acsdic acid in the
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presence of 3 catalyst, the biobased isobutene is oxidized o methacrolain
and the methacrolain is oxidized to methacrylic acid. In certain embodiments,
the catalyst s a Zn.2n,0; mixed oxide catalyst, sspacially a catalyst made by
a process as described in the 433 application, and the process of making the
starting biobased isohutene is carred out as described in the ‘312 application,
Brief Description Of The Drawings

(0010} Figure 1 schematically depicts a process for producing a whaolly
biobased methacrylic acid from a wholly bichased isobutene made from
ethanol in the presence of a In, 2,0, mixed oxide catalyst, especially such a
catalyst made by a process as desaribed in the 432 application.

{0011} Figure 2 schematicaily depicts a process for producing a
bichased methacrylic acid, particularly a wholly bicbased methacnytic acid,
from a biobased and especially a wholly biohased sobutens made from acstio
anid, scoording to the second aspect of the present invention as summarized
abova.

Descrivtion Of Embodiments

{0012} Referring now to Figure 1. a process 10 is schematically
Hustrated wherein ethanol 12 is converted {o isebutens 14 in the presence of
a catalyst, particularly, a Zn.2r, 0, mixed oxide catalyst. The isobutene 14 is
then combined with axygen from an oxygen source 18 and oxidized {o yield
methacrolein, which is then oxidized with oxygen from oxygsn sourca 18 to
provide a methacrylic acid product 18.

{0013 The ethanol 12 is conventionally derived from biclagical carbion
sources, for example, by fermentation of five- and especially six-carbon
sugars, so that the obutens 14 and subssequent methacrylic acd product 18
are desirably wholly-hichased.

{00141 Parenthetically, by “bichased”, we mean those materials whose
carbon content is shown by ASTM DE8ES to be derived from or based in
significant pant (at least 20 percent or more;} upon bivlogical products or
renewable agricultural materials (inciuding but not being limited fo plant,
animal and marine materials) or forestry materials. “Wholly biobased” thus will
be understood as referring to materials whose carbon content by ASTM
6886 is entirsly or substantially entirely (for example, 98 parcent or more)

indicated as of biological origin,
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