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acid feed and p-benzoquinone vapor phase inhibitor was fed as a 0.24 wt % toluene solution
to the top tray of the distillation column. Furthermore, an additional stream of 4-hydroxy-
2,2,6,6-tetramethylpiperidinyloxy tree radical was fed as a 0.34 wt % aqueous solution to the
top tray of the distillation column. After an extended distillation run, it was reported that the
30 column and pot were clean, i.e. no polymerization of monomer detected. However, it has now

been determined that while no polymer build-up occurred on the surfaces of the equipment



The present invention solves the problens inherent in the prior art by 10
provi di ng nn econom cal nmethod for nore effectively mnimzing or
elimnating polynerization in distillation apparatus used to purify

pol ynmeri zabl e organic material. Mre particularly, the present invention
provi des an inproved method for mininzing or elimnating polynerization in
a distillation apparatus used to purify pol yneri zabl e organic ' material.
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Thus, in an enbodi nent of the present invention, aqueous pol ynerizable
organic material in stream9 is fed into distillation colum 10 along with
a distillation solvent 25 introduced to the colum via distillation solvent
feed line 27. Inhibitor (soluble in both aqueous and organic material)
along with a water-insoluble delivery %ol vent is introduced to the col um
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compound inhibitor in distillation purification of acrylic acid. Likewise, German patent

application DE 19954582 cites water as one of a number of inert solvents for use of N-oxyl

compound inhibitor in stabilization of acrylic acid. While polymer inhibition results are



An aqueous acrylic acid feed conposition was fed to the distillation colum
at tray 15 and toluene reflux was fed to the top tray at the rate

i ndi cated. The aqueous acrylic acid feed to conmposition contained 68.9 w%
acrylic acid, 0.7 wt% beta-acryl oxypraqpionic acid (ACPA), 26.4 wt % water,
and 2.9 wt% acetic acid) and 1.1 % other mnor conponents such as

formal dehyde, formc acid, malefic acid, and hydrodui none pol yneri zation
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dimethylcyclohexane; ethylcyclohexane; toluene; ethylbenzene; ortho-xylene; meta-xylene;

para-xylene; trichloroethylene; trichloropropene; 2,3-dichlorobutane; 1-chloropentane; 1-

chlorohexane; 1-chlorobenzene; ethyl acetate; butyl acetate; dibutyl ether; hexane; heptane;

20  ethyl methacrylate; diethyl ketone; methyl propyl ketone; and methyl tert-butyl ketone. In

some embodiments of the present invention, the solvent may be a mixed solvent comprising
more than one of the above-mentioned compounds. Toluene is a preferred delivery solvent.

Thus, in an embodiment of the present invention, aqueous polymerizable

organic material in stream 9 is fed into distillation column 10 along with a distillation solvent

25 introduced to the column via distillation solvent feed line 27. Inhibitor (soluble in both

aqueous and organic material) along with a water-insoluble delivery solvent is introduced to

the column via inhibitor feed lines 20 and 21. Purified product stream 11 exits the bottom of

the column and is substantially water-free. Overhead stream 23 exits the top of the column

and enters overhead tank 24. Once inside overhead tank 24, the material is allowed to

30  separate into an aqueous phase 26 and an organic phase 25. Such phase separation may be

accomplished by various means known in the art. Organic phase 25 is predominantly

comprised of distillation solvent and delivery solvent, while aqueous phase 26 is

predominantly comprised of water and light impurities. As organic phase 25 is predominately



8 arts. The depicted and descri bed enbodi nents of the invention are

exenpl ary only and are not exhaustive of the scope of the invention.
Consequently, the invention is intended to be limted only by the spirit
and scope of the appended cl ai ns, giv%ng full cognizance to equivalents in
all respects. 5 9 CLAI11~1S Wat is claimed is: 1. An inproved process
for azeotropically purifying aqueous pol ynerizable organic material
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water. was at tray 18, both from the bottom. The distillation was operated at the following
conditions:
10 215 mm Hg top pressure
322 g/hr aqueous AA feed rate
649.5 g/hr toluene reflux rate
77°C control tray temperature
An aqueous acrylic acid feed composition was fed to the distillation column at tray 15 and
15 toluene reflux was fed to the top tray at the rate indicated. The aqueous acrylic acid feed
composition contained 68.9 wt% acrylic acid, 0.7 wt% beta-acryloxypropionic actd (AOPA),
264 wt% water, and 2.9 wt% acetic acid, and 1.1% other minor components such as
formaldehyde, formic acid, maleic acid, and hydroquinone polymerization inhibitor. A 0.3
wt% aqueous solution of 4-hydroxy-2,2,6,6-tetramethyl piperidinyloxy free radical
20 polymerization inhibitor, available from Aldrich Chemical Co. of Milwaukee, Wisconsin,
was fed into the aqueous acrylic acid at a rate of 3 g/hr. An additional stream of 0.6 wt%
aqueous solution of 4-hydroxy-2,2,6,6-tetramethyl piperidinyloxy free radical was fed to the
top tray at a rate of 6 g/hr. The inhibitor feeds resulted in inhibitor levels in the bottoms of
200 ppm 4-hydroxy-2,2,6,6-tetramethyl piperidinyloxy free radical and 323 ppm
25 hydroquinone. Bottoms product was collected at a rate of 224 g/hr and contained 93.4 wt%
acrylic acid, 6.0 wt% beta-acryloxypropionic acid, 652 ppm acetic acid, and 5 ppm toluene.
Aqueous distillate was collected at a rate of 107 g/hr and contained 89.5% water, 1.9 wt%
acrylic acid, 8.6 wt% acetic acid, and 262 ppm toluene.
At the end of the 8 hour run, the column was clean, but the bottoms product
30  contained minor amounts of finely divided white solids which were collected and shown by
IR analysis to be polyacrylic acid (undesirable polymer)
Example 2: Azeotropic distillation with a 4-HT-toluene inhibitor feed. An

azeotropic toluene distillation column run was conducted at operating conditions using a |



2. The process for azeotropicaily purifying aqueous pol ynerizable organic
material of claim1l wherein the polynerization inhibitor which is soluble
in both water and 20 organic nmaterials is selected fromthe group

consi sting of hydroquinone; 4-nethoxyphenol; 4ethoxyphenol;

1, 2-di hydr oxybenzene; catechol nonobutyl ether; pyrogallol; 4-am nophenol;
2- mer capt ophenol ; 4-ner capt ophenol ; 4- hydroxy-2, 2, 6, 6-tetranet hyl
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radi cal ; 4-am no-2, 2 6-tetranmet hyl piperidinyloxy free radical ; and

mi xt ur esatafratees 68 ccimin.e Thi éed iy wasagrayTHe anst e serirdl iy aze et traypise bothy
purifyin I o m 2 wherein the
polynerlgd??%ﬁ£#§ﬂlbltor méﬂg\%m% Eh% ﬁ@kﬁ&%ﬁﬁhQWg gﬁgand organi c
materials is 4-hydroxy-2, 2, Byﬁﬁmemgammiamheplperldlnyloxy free radical. 4.
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also clear and free of any suspended solids.
25 The present invention, therefore, is well adapted to carry out the objects and
attain both the ends and the advantages mentioned, as well as other benefits inherent therein.
The present invention allows for the purification of an aqueous polymerizable organic
material such as AA, MAA, or other water-soluble vinyl monomers while minimizing or
eliminating the formation of undesirable polymer. While the present invention has been
30  depicted, described, and is defined by reference to particular embodiments of the invention,
such references do not imply a limitation on the invention, and no such limitation 1s to be
inferred. The invention is capable of considerable modification, alteration, and substitution

of equivalents in form and/or function, as will occur to those of ordinary skill in the pertinent
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limited only by the spirit and scope of the appended claims, giving full cognizance to

equivalents in all respects.



10!, 39%+109& () -! (3%+L0%& () - ! #3%H109& () -' #2$2& )| ++WU3P4! ( F#109%& () - 3! F#10
& () - 3! F#10% () - 31 F#LO% () - 3! =F#10% () - 3! pF#10% ()- 3+, V. WX. Y. [ /1 PAl(
F#109& | | #10% (& ()-3MLO% & ()- 10 10

10! (F#10%& ()- 3!, XF#10%& ()-3/ 1134562 X6P4!1 | | #10% (& ()-3!# | #10% (& ()-3!
| #10% (& () - 3! |#10%1(&' ()-3 1 #109& ()~ 3! A | #10% (& () - 36T899999: r P4! |

| #109% (! | #10% (& ()- ~109% & ()- 10(( 10(( 10((', |#10% (& ()-3!,

| #1094 (& ()-3: ~<<< ?@zX6P4! 1, #10%f &yl Fo%6 ( #10% (& () - F% #

#10% (& ()-F9% #10% | & () - F% #10% =198 $| #10% (& ()- BBCCCCC\ DDr S4! 9
10%: ()- 9! 10%g, ().- 9! 100 ()- 10(( 10(( 10((!;X #10% (& ()- F%
#10% (& () - FO FEPA%r Sa199@ 1098 () - F#10%& () - 9! 10%&' ()-9! 10%& ()-!y10

YNN&' () - ! ylo%\lANA&&[( Jimigkdektt ?Mde?d?:rf@hz%&@ﬁx&ﬂ@ puritlying#ddbus( pollXerizhB& () - L
| 109& ()-L3! 109& ()- F#10%&' ()-1J7JIIK LdEr S4T9L. | 1098 () -3 - #109%&' () - L+t 10%
& () - 9* YAIgORS Materie uaprisingL' 1 1098 () -~ LLMe MVMMMWKITDC! 9° 109%& () - 10 10

I 109, I 109, %R () -
Lo B Uik e g O
feeding to said distillation column an unpurified agqueous organic
stream comprising polymerizable organic material and water;
feeding one or more inhibitor streams to said distillation column, each
inhibitor stream comprising polymerization inhibitor and a delivery solvent;
10 feeding a water-insoluble distillation solvent to said distillation column
to induce azeotropic distillation; and
azeotropically distilling said unpurified aqueous organic stream in said
distillation column to form a purified product stream;
' wherein the improvement comprises:
15 at least one of said one or more inhibitor streams comprising a
polymerization inhibitor which is soluble in both water and organic materials and a delivery

solvent which is insoluble in water.

2. The process for azeotropically purifying aqueous polymerizable organic

material of claim 1 wherein the polymerization inhibitor which is soluble in both water and

20 organic materials is selected from the group consisting of hydroquinone; 4-methoxyphenol; 4-
ethoxyphenol; 1,2-dihydroxybenzene; catechol monobutyl ether; pyrogallol; 4-aminophenol;
2-mercaptophenol; 4-mercaptophenol; 4-hydroxy-2,2,6,6-tetramethyl piperidinyloxy free
radical; 4-oxo-2,2,6,6-tetramethy! piperidinyloxy free radical; 4-amino-2,2,6,6-tetramethyl

piperidinyloxy free radical; and mixtures of two or more thereof.

25 3. The process for azeotropically purifying aqueous polymerizable organic
material of claim 2 wherein the polymerization inhibitor which is soluble in both water and

organic materials is 4-hydroxy-2,2,6,6-tetramethyl piperidinyloxy free radical.

4. The process for azeotropically purifying aqueous polymerizable organic

material of claim 1 wherein the delivery solvent which is insoluble in water is selected from

30 the group consisting of heptane; cycloheptane; cycloheptene; cycloheptatriene;
methylcyclohexane; ethylcyclopentane; 1,2-dimethylcyclohexane; ethylcyclohexane; toluene;

ethylbenzene; ortho-xylene; meta-xylene; para-xylene; trichloroethylene; trichloropropene;
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5 material of claim 4 wherein the delivery solvent which is insoluble in water is toluene.
6. The process for azeotropically purifying aqueous polymerizable organic
material of claim 1 wherein the distillation apparatus is selected trom the group consisting of
a packed distillation column, a distillation column with dual flow trays, and a distillation

column with sieve trays.
10 7. The process for azeotropically purifying aqueous polymerizable organic

material of claim 1 wherein said polymerizable organic material is a vinyl monomer.

8. The process for azeotropically purifying aqueous polymerizable organic

material of claim 7 wherein said vinyl monomer is acrylic acid.



