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PURIFICATION OF N,N-DIMETHYLACETAMIDE

Field of the Invention

The invention relates generally to a continuous distillation method

to purify N,N-dimethylacetamide from a water-N,N-dimethylacetamide feedstock
5 when acetic acid is present as a contaminant.

Background

Distillation, a method of separating the components of a solution,
depends on the distribution of the components between a gas phase and a liquid
phase. The gas phase is produced from the liquid phase by vaporization. A new

10 liquid phase of different composition is produced from the gas phase by

condensation.

Continuous distillation is a relatively simple and commonly
employed method to separate volatile components of a mixture based upon
differences in their boiling points. Continuous distillation is conceptually

15 composed of many ideal stages of distillation, each of which brings together a



new | i quid phase and new gas phase of different conposition |eaves the
stage. Wile the change in conposition of one stage nay be slight, the use
of many Swetagem2926 a countercurrent arrangenent can ef fPectusaoignesns over al |
change in conposition, and essentially pure conponent products can result.
Continuous distillation is routinely performed using colums adapted to
facilitate contact of the |iquid phase and the gas phase by increasing the
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adapted to facilitate contact of the liquid phase and the gas phase by increasing
the condensation surface area. For example, columns have incorporated
10 distillation fingers or internals such as sieve plates, bubble caps, and tray va-lves,
which are easily seen as an approximation of an ideal stage. Column internals
such as random packing or structured packing do not have clearly defined ideal
stages, but are commonly employed for continuous distillation.
The classical configuration for a continuous distillation process is a
15 distillation column with a single condenser overhead and a single reboiler at the
bottom. The feedstock is introduced into a nominal middle of the column. The
higher boiling components are removed from the reboiler stage as the bottoms
product. The lower boiling components are removed from the condenser stage
as the distillate. A portion of the distillate is returned (i.e., refluxed) to the top of
20 the column. The reflux liquid contacts the vapors from the reboiler throughout

the column to effect the separation.



The technol ogy for sizing and designing continuous distillation is well
known. Each design is specific to the conponents that are being separated
and to thworooumeede vol atility. In the case of a m xtuPeTafs2003/019405

N, N-di met hyl acet ami de (DMAc) and 5 water, separation of the two pure
conponents is sinple because of the |ar difference in volatility, as can
be expected fromthe boiling point for each pure conponent. The boiling
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boiling point at atmospheric pressure for water is 100°C. In a continuous
distillation of a DMAc and water feedstock, water will be the distillate from the
10 condenser and DMAc will be the bottoms product from the reboiler.
Acetic acid is often present as a contaminant in the DMAc and
water feedstock. This may be because DMAc can degrade to form acetic acid
and dimethylamine (DMA). Alternately, acetic acid may be present from a
chemical synthesis where DMAc was used as a solvent.
15 A mixture of DMAc and acetic acid, however, is not easily
separated into component parts, even though the boiling point of acetic acid,
118°C, is sufficiently distinct from the boiling point of DMAc. This is due to a
hydrogen bonding effect, whereby DMAg, in the presence of acetic acid, acts as
a base and exerts a strong attraction for acetic acid. DMAc and acetic acid form
20 a high boiling azeotropic mixture, defined as a solution of two or more liquids, the
composition of which does not change upon distillation. More specifically, the

azeotrope mixture of 21% acetic acid and 79% DMAC has a boiling point of

about 171°C at atmospheric pressure.
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of the distillation colum will approachythe azeotrope conposition. A high
boiling azeotrope, if it occurs, wll concentrate in the bottons product of
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t hat approach the DMAc-acetic acid azeotrope. The vapors of the azeotrope
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When a mixture of water, DMAc, and acetic acid is fed into a
classical distillation column configuration, acetic acid will separate into the
bottom of the column, and thereby contaminate the DMAc, because acetic acid

10 will form a high boiling azeotrope with DMAc.

Attempting to remove DMAc as a side-draw vapor stream ator
near the bottom of the column is not an effective solution. Acetic acid will
eventually build to concentrations in the bottom of the column that approach the
DMAc-acetic acid azeotrope. The vapors of the azeotrope will migrate up the

15 column and contaminate the side-draw DMAc vapor stream. The concentration
of acetic acid in the bottom of the column could be controlled to a concentration
well less than the azeotrope by purging the bottoms of the column. However,
this will undesirably result in a large loss of DMAc. Redistilling the bottoms
DMAC product to remove DMAG as an overhead product in a second distillation

20 column would require the bottoms of the second column to be purged to control

acetic acid below its azeotrope composition, again resulting in substantial loss of

the desired DMAc component.



this will undesirably result in a large |loss of DMAc. Redistilling the
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A method to overcome the aforementioned problems is therefore
desired.
Summary
10 In one embodiment, the invention is directed to a method of
separating N,N-dimethylacetamide (DMAc) from an aqueous DMAC solution
containing acetic acid. A first distillation column has a top portion and a bottom
portion in relation to a feed port. The bottom portion is further divided into upper,
mid, and lower bottom portions. The solution is fed into a first distillation column
15 through a side feed port at the nominal middle of the column.

The column temperature profile is controlled to render the lower
bottom portion of the column substantially dry and the upper bottom portion of
the column substantially wet, to partition acetic acid between the overhead
distillate stream and the bottoms product stream. The bottoms product of the

20 first distillation column is fed to a feed port of a second distillation column to
distill purified DMAc to the overheéd stream, and to provide a mixture of DMAc
and acetic acid into a bottom stream. The bottom stream from the second

column enters the entry port of the first column (pumparound) to partition an



15 through a side feed port at the nominal mddle of the colum. The col um
tenperature profile is controlled to render the |ower bottom portion of
the col urwosokgtoaresi al [y dry and the upper bottom porti @aTafS2003/0e9409! unm
substantially wet, to partition acetic acid between the overhead

distillate streamand the bottons produg_stream The bottonms product of
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distillation,colum .o LSt L)L A Tl 3 i

to Pg%visgreae%dlﬁfa%mogig@ i Hb e o R e e e e
amfromthe seco [J0) t t . h

col um (pulfgEA\SITEy gt o edfiStauprooge beasyESBlRigsl % shdfetess

addi tional portion of the acetic acid fromthe m xture of DIYAC ar?:gi cetic
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all the acetic acid in the original feed is distilled to the overhead
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portion of the second colum. 5 In another enbodi nent, the invention is
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column has a feed port for a solution, an overhead condenser for an overhead
distilled stream, a reboiler for a bottoms stream, and an exit port; the column has

10 top and bottom portions, the bottom portion having upper, mid, and lower bottom
portions. The second distillation column has a feed port for the bottom stream
from the first column, an overhead condenser for a distilled overhead stream,
and a second reboiler for a bottoms product. A pump returns the bottoms
product stream from the second column to the feed port of the first column.

15 Control hardware on the first column reflux and the first column reboiler regulates
the temperature profile of a column so that the lower bottom portion of the first
column is substantially free of the lowest boiling component and the upper
bottom portion of the first column is predominantly rich in the lowest boiling
component. The temperature profile may be regulated by adjusting heat input to

20 the reboiler or by adjusting the flow rate of reflux returning to the column.

In another embodiment, the invention is directed to a method to

purify DMAc from acetic acid in an aqueous solution by feeding the solution into

a first distillation column under conditions sufficient to partition aqueous acetic



portions. The second distillation colum has a feed port for the bottom
stream fromthe first colum, an overhead condenser for a distilled
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returns the bottoms product stream fromthe 'second colum to the feed port
of the first colum. 15 Control hardware;on the first colum reflux and the
first colum reboiler regulates the tenperature profile of a colum so
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back to the first colum to further partition
product to the first column can be either to the first column feed port at the

nominal middle section, the bottoms reboiler, or to another entry port. The

10 bottoms products pumped back to the first column can be to the feed port at the
nominal middle section, or to any other entry port located above or within the
upper bottom portion of the first column. The purified DMAc is recovered as the
distillate from the second column.

The invention is also directed generally to a method to purify a

15 higher boiling component from a solution of a lower boiling component
contaminated with a third component that forms a high boiling binary azeotrope
with the higher boiling component. The solution is fed into a feed port at a
nominal middle section of a first distillation column at a temperature profile
sufficient to render the lower bottom portion of the column substantially free of

20 the lower boiling component and to render the upper bottom portion of the first
column predominantly rich in the lower boiling component and to partition the
third boiling component into the distillate from the first column. The non-distillate

bottoms product from the first column is fed to a second distillation column under



aqueous acetic acid and DMAc. The return of the second col um bott oms
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port. The 10 bottons products punped back to'the first colum can be to the
feed port at the nomnal mddle sectiorg_or to any other entry port
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generally applicable to systems where the lower boiling component can mitigate
the high boiling azeotrope of the higher boiling component with the third
10 component.
These and other embodiments of the invention will be further

appreciated in view of the following drawings, description, and example.

Brief Description of the Drawings

FIG. 1 schematically illustrates the inventive system in use.

15 FIGS. 1A - 1P schematically illustrate various configurations of the

system of FIG. 1.

FIG. 2 is a graph of temperatures at each column stage using the
inventive system.

Detailed Description

20 A method is disclosed to separate acetic acid as a contaminant
from an aqueous solution of N,N-dimethylacetamide (DMACc). The method

employs continuous distillation techniques using a dual column arrangement.
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FIG 2 is a graph of tenperatures at each columm stage using the inventive

system DetghipepeRescription 20 A nmethod is disclosed to separate acetic
acid as a contam nant from an aqueous sol ution of N, N-di nmethyl acet am de
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distillation columns are serially arranged. The first column 10 is schematically
divided into top 12 and bottom 16 portions, with a feed or eniry port 17 and an
exit port 18. The exact location of the feed port 17 is determined by optimal
design, as known to one skilled in the art, and is not necessarily the exact mid-

10 point of the column. Thus, the feed port 17 is referred to as located at a nominal
middle of the column 10. The bottom 16 portion is further schematically divided
into upper bottom 16a, mid-bottom 16b, and lower bottom 16¢ portions. The
specific number of stages constituting the top 12 and bottom 16 portions depend
upon the specific column design and the application, as known to one skilled in

15 the art. Examples of these parameters include the feedstock composition, the
reflux rate, etc. The second column 20 is arranged so that effluent from the first
column 10 enters the second column 20 at entry port 27. The bottoms product
of the second column exits at exit port 28.

The first column 10 has a condénser 11 overhead and a reboiler 13

20 at the bottom. The second column 20 also has a condenser 21 overhead and a
reboiler 23 at the bottom. Fluid from exit port 18 of the first column 10 may be

pumped directly to entry port 27 of the second column 20. Alternatively, fiuid

from exit port 18 of the first column 10 may pass through reboiler 23 and then



-9 This elimnates the need for nore conplex solvent extractions and/or
chromat ogr aphi ¢ or spectral separations, and provides efficient, accurate
and reprwouroedloeszsepar ations with high recovery and hi goTiseemsp1amst he ’
desired DMAc conponent. 5 Wth reference to FIG 1, first 10 and second 20
fractional distillation colums are sc_ar1' ally arranged. The first colum 10
Is schematically divided into top 12 and bottom 16 portions, with a feed
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The bottom 16 portion is further schematically divided into upper bottom
16a, mid-bottom 16b, Ganeralywsll qjdhemﬁomeg@@e{w@ﬁ@. inthe D'@é@ﬁ’i’eﬁgﬁ nunber of
stages constituting the top 12 and bottom 16 portions depend upon the
speci fi c cebadBloglesigpuryed tding arploi cdtinorarrageknevivia a Aciid aeslici n 15
the art. Exanples of these paraneters include the feedstock conposition,
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fromthe firs 0 10 enters the second colum 20 at entry port 27. The
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feedstock 8 into the first distillation column 10. The temperature of column 10 is
controlled such that a temperature in the upper bottom 16a portion indicates this
10 section of the column is substantially wet, while the lower bottom 16¢ portion of
the first column 10 has a higher temperature and remains substantially dry.

The temperature profile required to effect separation is described
as a percentage of the total temperature difference of the temperature of the
bottom of the column minus the temperature of the top of the column. Less than

15 about 15% of the total temperature difference in the column occurs in the top
portion 12 of the first column 10, less than about 15% of the total temperature
difference in the column occurs in the upper bottom 16a portion, and greater
than about 70% of the total temperature difference in the column occurs in the
mid 16b and lower 16¢ bottom portions. The exact temperatures, in contrast to

20 the percentage temperature difference, is dependant upon the operating

pressure of the first column 10.

The temperature is controlled by adjusting the heat input to the first

column reboiler 13, or adjusting the reflux flow rate of distillate on the first



reboiler 23 at the bottom Fluid fromexit port 18 of the first colum 10
may be punped directly to entry port 27 of the second colum 20.
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I's repunped (punparound fluid) into the feed port 17 of first colum 10.
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the | ower bottom 16¢c portion of the first colum 10 has a hi gher

t enpgr at ur giciiske’ SIEBLES2S BPaieiVst ablyhri1 (.. Thétttoempprostuct 80 of dfé first
required to epgtecrtﬁ’ separation is described as a percgnt age 01Emft he total

R b ey e
of the 11 r Sretsalann 1DoreusFLSRALRoR el RS RBHIB 1P AifeP e 12
bottom product 30 at the first column is also fed into the second column 20
through entry port 27. Pure DMAG is the distilled product 40 of the second
10 column 20. The bottoms product 45 of the second column 20, containing dry
DMAc and acetic acid, is returned to the feed port 17 of the first column 10. The
bottoms pumparound stream 45 flows through the wet upper bottom 16a portion,
which again causes a portion of the acetic acid to be stripped overhead in the
first column 10.
15 The combined effects of stripping a portion of the acetic acid in
both the feed 8 and the bottom pumparound 45 results in acetic acid going
overhead to the distillate 25 of the first column 10 in a quantity that is equal to all
of the acetic acid in the feed 8. Acetic acid in the bottoms of columns 10 and 20
(streams 30 and 45) equilibrates at concentrations well below the azeotrope
20 composition of DMAc and acetic acid, allowing the second column 20 to produce
pure DMAc as its distilled product 40.
While particularly described for separating three-component

system of DMAc, acetic acid, and water, the invention may be used for any



difference in the colum occurs in the upper bottom 16a portion, and
greater than about 70%of the total tenperature difference in the colum
occurs i rwofeo4/aee616b and | ower 16c bottom portions. TRETARAES/019405
tenperatures, in contrast to 20 the percentage tenperature difference, is
dependant upon the operating pressure_gb t he first colum 10. The ’
tenperature is controlled by adjusting the heat input to the first colum

reboiler 13, or_ adjusting the ‘ kSLi ; [

V0 2004 oodises-oseainsristoaberet el Al Ethstiepf i iok Mang”, L0 i e
profile generates a tenperature plat ., bel t he, f ;

o render  SABPGRPE AR FaRVINE ARHESIAAL POLET UF B A A 5 96¢ . The.
wet upper bottom 16a portion is bel ow the feed port 17 ,anﬂ_ Uses a
portion of coheertrativinoofatileastakinat 26%; {pra seventsamRonenkhis & lﬂ?@??'ﬁm%t e

product 25 of the first colum 10. The bottons product 30 of the first

col um 10, ceapoahBirammtive o BMAGrstrdmposient and isipresentin aspbstanyak gortied i nt o
the first colum 10 through entry port 15 as part of the reboiler 13

arrangement, tq-ghl%edg:géélerfhgf idyCh c3Rcartrdtion dfidtséastelooun 506 (8) &dhifeed int o
t he second col'um t'hrough entry port 27. Pure DMAC is the distilled

Lo b e PR PR Al R T A o, S
t hr ough t h€oReentidy ofak 18 ﬁ%oa“tg’?%’t?%ﬁoor% PHIPEAMAG 22656508 tn'the™s
second component; and (d) the first component can cancel, control, or mitigate
the two component azeotrope.

10 Other configurations of the first and second distillation columns are
possible, each of which is within the scope of the invention. As examples, the
first column condenser can be total, for removal of the liquid product FIG. 1A, or
partial, for removal of the vapor product FiG. 1B. The second column condenser
can be total, for removal of the liquid product FIG. 1C, or partial for removal of

15 the vapor product FIG. 1D. As other examples, the bottoms product from the
first column can be removed as a liquid FIG. 1E, as a liquid/vapor mix using a
common reboiler FIG. 1F, or as a side draw vapor FIG. 1G. As still other
examples, the bottoms pumparound stream may be returned to the first column
into the feed port FIG. 1H, at an entry port above the feed port FIG. 11, or at an

20 entry port within the upper bottom portion FIG. 1J. As yet other examples, the
bottoms pumparound stream may be obtained from the second column FIG. 1K,

or from the first column with the second column bottoms pumparound stream

returned to the first column FIG. 1L. As additional examples, the bottoms



whi ch again causes a portion of the acetic acid to be stripped overhead in
the first colum 10. 15 The conbined effects of stripping a portion of the
acetic acwo 20eu/00p2bh the feed 8 and t he bottom punpar ouRdTAS26085u405 | n
acetic acid going overhead to the distillate 25 of the first colum 10 in
a quantity that is equal to all of thesacetic acid in the feed 8. Acetic
acid in the bottons of colums 10 and 2 (streanms 30 and 45) equilibrates

Acetic aci BUmeRraRpTeRD Do SRPRARTAG %@“@?ﬁﬂ@**“é Y S as 1

distilled product 40. Wile partlcular ec d, f

t hr ee- conpBeeitd calysinhy SSINENRFE 0&@5?9 fﬁ) Hﬁ ?Aﬁ@%?ag@ﬂié{)w\%ﬁtlf@n may
be used for any WD 2004/ 002926 PCT/ US2003/019405 -12 three-co onent

syst em whe b, iby(aide Vaposdrawripferththe %ecamridwlwmtp@gpuwaﬁffwﬁﬂg

present in a substantial portion in a feed stock, that is, a

concentr at Fe®, ¢N, BY al si@@'fvapbodffav@ﬁ?/ﬁeeduheasesencmdlwmnrﬁbﬂ'@flrsi SOl EK'}
boi l'i ng conpound relative to the first conponent and is present in a

substzant i aIt Cg(yrtﬂelo‘%]cém'n'ibﬁ RetibeeBofdrauls. 1Phat is, at a concentration of at

| east” abou third conponent is present in a mnor portion in the

feed stock, that is, at a concentratEg [eat nost about 5% and forns a
hi gh boiling azeotrope with the secorr%‘g@%monent and (d) the first

conponent can cancel, A ’?eorr%ér%lture proP1e togrenger the upper bottom 16a portion of first

column 10 wet, using a twenty-six stage, including the reboiler and condenser,
continuous distillation process is shown in the following table. In this example,
10 the first column 10 is operated with a top pressure of 103 mm Hg, a bottom
pressure of 153 mm Hg, and a pressure drop of 50 mm Hg. The specific
temperatures shown in the following table are, however, a function of the
pressure at which the first column is operated, and these specific temperatures
or pressures are not required. Thus, any temperature and/or pressure which

15 renders the lower bottom portion of the column substantially dry may be used.



the two conponent azeotrope. 10 Other configurations of the first and
second distillation colums are possible, each of which is wthin the
scope of wbeodanoearsi on. As exanples, the first colum ecmdseesriceh be
total, for renmoval of the liquid product FIG 1A, or partial, for renoval
of the vapor product FIG | B. The sec_ngj_col umm condenser can be total,

for renmoval of the liquid product FIG C, or partial for renoval of 15
t he vapor preduect—H-G—1+—PBr—As—other—exanplres,

the tHottons product fromthe
first col untagenNbmbieanovedTemperaturei (ACFI GPressure émm Haui d/ vapor i
using a comomreborter F{G_IF, or as a gl raw vapor FEl 1
still otherl exanples, the|#B8tt ons punpar o ﬂg’%s‘?cé’aﬁﬁﬂg‘%fwﬁhgé'tbﬁﬁﬂﬂfs t he
first colunm T1nto the Teed @ t FIG 1 H, aty58f entry port above the feed
port FIG 12_, or at an 20 (=ﬁ ry port within tHe upper bottompertienH G 1
J. As yet o:%her exanpl es, thgq q{bottoms pungarqaupnd stream may be obt ai npd
fromthe setond colum FEl Gl 1K or fremtthe—+rst—eotum—wth—thesetond
col ugn botfgns punparound stuem returned |tildBe first colum FIG 1 }. As
addi t'i onal l-exarptes—the—bottors—WO2604/0G2926 PCT/US20037 019405 - 13
punpar ound| 5t ream may be obtsdi®ed while el i|Mta®ing the reboiler on the
second col pmr—byTusTTTg—a Tgboit er connon t g t@g first and second col unps
FIG 1 M|0By a side vapor ®5a4v to feed the bnd colum to a punpar oyind
stream FIG T N, by a side or draw to f he second colum to the
first coluph FIG 5\6?? e.pﬂé
8 55.8 123.0
10 9 56.1 124.7
10 56.4 126.3
11 56.7 128.0
12 57.1 129.7
13 57.8 131.3
15 14 59.2 133.0 Feed
15 59.5 134.7
16 59.8 136.3
17 60.2 138.0
18 62.3 139.7
20 19 73.5 141.3
20 95.9 143.0
21 109.0 144.7
22 112.3 146.3
23 113.2 148.0
25 24 113.6 149.7
25 113.9 151.3
20 114.4 153.0 Reboiler




5 10, or by a common kettle reboiler FIG | P. Exanple A tenperature
profile to render the upper bottom 16a portion of first colum 10 wet,
using a twernyy®ewest age, including the reboiler and comdeniseeo3/o1sioht i nuous
distillation process is shown in the following table. In this exanple, 10
the first colum 10 is operated with a_tgp pressure of 103 nmm Hg, a bottom
Pressur;a of 15ﬁ nmm Hg, and a pressure drop of 50 mm Hg. The specific
enperatures shown i t f f the
pressure at which thih%%\ta[ Pérh %Framﬂgﬁsoq@%%rn gé%t@ﬁmﬁ]neggsgge@?ateaa@
terrperatures or pressures are not required. Thus, any tenperature and/or
pressure.wfﬂ@W315 renders the | ower bottom portion of the colum
substantially dry be used. WD 2004/ 002926 PCT/ US2003/019 92 4 Stage
Nurber Tenper ature (épﬁprfé@fsﬁﬁbm‘(ﬂnﬂ ch? 1 42.1 103.0 Oondens Vﬁa
Subcooling 2 54.0 1T8pW/apdBFrivriafondensar54.6 116.3 5 54. 95ﬂ}

119.% 7 55.5 121.3 Total Temperature Difference

6 55.2

The temperature difference in the top portion of the column was

calculated as follows:

Feed Stage Temp 59.2°C
Top Vapor Prior to Condenser 54.0°C
10 Upper Temperature Difference 5.2°C

This was recalculated as a percent of total temperature difference as

5.2/60.4 = 8.6%.

The te.mperature difference in the upper bottom portion top three

stages of bottom portion (16) of the column was calculated as follows:

15 Stage 17 ' : 60.2°C
Feed Stage 59.2°C
Upper Bottom Temperature Difference 1.0°C
This was recalculated as a percent of total temperature difference as
1.01/60.4 = 1.7%.
20 The temperature difference in the mid- and lower bottom portions
were calculated as follows:
Bottom of Column 114.4°C
Stage 17 60.2°C
Mid & Lower Bottom Temperature Difference 54.2°C

25 This was recalculated as a percent of total temperature difference as

54.2/60.4 = 89.7%.



8 55.8 123.0 10 9 56.1 124.7 10 56.4 126.3 11 56.7 128.0 12 57

13 57.8 131.3 15 14 59.2 133.0 Feed 15 59.5 134.7 16 59.8 136?3 11]7-22672
138.0 18W0208/@3267 20 19 73.5 141.3 20 95.9 143.0 2PCING2@3D4sM0F7 22
112.3 146.3 23 113.2 148.0 25 24 113.6 149.7 25 113.9 151.3 26 114.4
153. 0 Reboil er WO 2004/002926 PCT/ US2003/5019405 -15 |

The temperature profile graphed in FIG. 2 illustrates the
percentage temperature differences in various portions of the column. This
graph has a characteristic shape, where there is only a moderate change (i.e., @
temperature plateau) in temperatures in the upper bottom 16a portion (stages

5 15-17 in this example) of the column 10. This characteristic shape occurs
regardless of the operating pressure of the column, and is defined in terms of the
total temperature difference between the top vapor temperature prior to
condensing, and the bottom liquid temperature. This temperature profile
produces a wet upper bottom 16a portion to the feed port 17, which results in

10 - stripping the acetic acid overhead. In the first column 10, greater than about
70% of the temperature difference occurs in the upper bottom 16a and mid
bottom 16b portions (stages 15-20 in this example), less than about 15% of the
temperature difference occurs in the lower bottom 16¢ portion, and less than
15% of the temperature difference occurs in the top portion 12 (stages 2-13 in

15 this example). These conditions result in the lower bottom 16¢ portion of the first
column 10 remaining substantially dry, while the upper bottom 16a portion of the
first column 10 remains substantially wet. Under these conditions, the acetic
acid contaminant is partitioned between the overhead stream 25 and the bottom
stream 30 of the first column 10.

20 The effluent 30 from the bottom portion 16¢ of the first column 10
and/or second feed column 45 is recycled back into the feed port 17 of the first
column 10 in a pumparound loop. This allows substantially all of the acetic acid

to locate in the overhead water 25 of the first column 10.



The total tenperature difference in the colum was calculated as foll ows:
Bottom of Col um 114.4C Top Vapor Prior to Condenser 54.0C 5 Total
Tenper at LWwe 2Difdoea2ence 60. 4C The tenperature differencePCh/ush@3too@oporti on
of the colum was calculated as follows: Feed Stage Tenp 59.2C Top Vapor
Prior to Condenser 54.0C 10 Upper Tenpefature Difference 5.2C This was
recal cul ated as a percent of total tenperature difference as 5.2/60.4 =

8.6% The tenperatur eﬁ%#“%%’@g‘%’rﬂ{' ﬂﬂ'eé @g\fé*%%"p%& 3 &f @B irePcdimpe

Zt gggslgf 6g?t2tc:omFggat o 0 um was calculated as follows: 15
Thi o was r dSacenlanad PAET I HNGREN e A0 ST © Her s B BgEn - O
Dot { om por kot redietilations cUNGmeder Y beJeseived I the Second odfin 2 S8
either liquid or side-draw vapor from the first column. Any acetic acid is present
5 at less than azeotropic concentration, and thus does not negatively affect
separation of the DMAc as a pure component 40 and the operation of the
second column 20.
Characterization of DMAc in a feedstock resulted in the following
parameters in two independent uses of the inventive system. The results were

10 compared to commercially available fresh or virgin DMAC having a concentration

of acetic acid at about 80 mg/kg (0.008%):

Table 2
Assay 1 Assay 2

DMAc Assay 100.0% 99.7-99.8%
Water Content <0.01% <0.01%

15 Acetic Acid Content <0.01% 0.2-0.3%
Color < 5 units < 5 units
Base Fraction as Dimethylamine 1-3 mg/kg 1-3 mg/kg
from all Bases Present

Thus, the inventive method yields DMAc which duplicates commercially available
20 DMAc.
It should be understood that the embodiments of the present
invention shown and described in the specification are only preferred

embodiments of the inventor who is skilled in the art and art not limiting in any



Bottom of Columm 114.4C Stage 17 60.2C Md & Lower Bottom Tenperature
Difference 54.2C 25 This was recal cul ated as a percent of total

t enper at LWe 2difidfoer2ence as 54.2/60.4 = 89. 7% WO 2004/ 00P€28IS2003/019405

PCT/ US2003/ 019405 -16 The tenperature profile graphed in FIG 2
illustrates the percentage tenperature gdifferences in various portions of
the colum. This graph has a characteristic shape, where there is only a

noder at e change-(i.e. te i Mﬂy‘?} idniddhe upper
bottom 16a t?érnef%yg%e@%%@wa& t%%1fi‘é‘&gxldh)arrrép g%fegggfiee co uHr?rillI 0. This
characteristic shape occurs  r rdl ess, of the operatin ; r t he
col urm, andqiRt RreaHaedem Wﬁ@%@fnﬁ% it ?@?tﬁm'?@ﬁ'ﬁayd?ﬁe\égﬁiﬁg)@ﬁé%
between the top vapor tenperature prior to condensing, aqr;ﬁ,tq?,e bottom
liquid t enfeonatie &rstoelumn sigidlate. uFkensiarei varioys ehaNaes, MQEHCaioNs O hot t om
16a portion to the feed port 17, which results in 10 stripping the acetic
aci d over hegbrafighd foethbbe smsmlimentsltaydrecmpde artrasord@dtn withogh dgpartied
tenperature difference occurs in the upper bottom 16a and md bottom 16b

portigns ( thgﬁefﬁe %grri%%f e friventien araltRe scbps of tHeafollething clabfis.of t he
|

tenperature fference occurs in the [ ower bottom 16¢c portion, and |ess

than 15% of the terrwh%tt%gaag‘i‘éé%r.ence occurs in the top portion 12
(stages 2-13 in '



15 this exanple). These conditions result in the |ower bottom 16c portion
of the first colum 10 remaining substantially dry, while the upper bottom
16a portiwo2064/0b&26 first columm 10 remai ns substanti al PETIES20030nueF t hese
conditions, the acetic acid contaminant is partitioned between the
overhead stream 25 and the bottom stregg.30 of the first colum 10. 20 The
effluent 30 fromthe bottom portion 16¢c of the first colum 10 and/or

second fee I 45 | ' i [
columm 10 i ncg gterrrpa?‘dh%@rq%f)%fg%e%%ﬁ@iph@méﬂéﬁﬁ%% gﬁtgle% 5) Nglﬁlz? Q%Ifu h?ﬁef ;EZL o

acid to locate in the overhead water 25 of the first colum 10. WO

200:1{ 0029?6??@\‘?'%29@@? lé@@&%npﬂsi'?g The material fromthe | ower bottom 16¢
portion o e first colum 10, containing primaril. c and .aceti i
is provided to the séaopmyidngsaid sgutien to @dir%ttd'ﬂ"@tﬂ%ag%rﬁ@ ?%laéPhlﬁﬁn ?r;;/d’
be received in the second colum 20 as either liquid or side-draw vapor
from the fhagigepfeeanporbaydamesitey poitdaridhavieg dop and hettone pertiongnsaid
azeotropi c concentration, and thus does not negatively affect separation of

the RVAC ag .8, RHE&HBATRRMR M tpASY, Ak, ditPlovrsbatioanpoftionseat & teraperatofeurm  20.
(0]

gg?;ﬁ;t glszia f?n- | DMAC | gqf f;gds{;}gck rersul;h%j_ in the foll .OWi ng
\é\ﬁggen%?afﬁgﬁﬂ%\ﬁ fQ ggi@%r crar y&gvaingg?ﬁeayr es%dgwﬁzﬂ%ﬁmg"/&gﬁfgwha a
the upper bottom portion of the column substantially wet, and to partition acetic
acid between an overhead stream and a bottom stream of the first column,
(b) providing the bottom stream of the first column to an entry port
10 of a second distillation column to partition purified DMAc into an overhead
stream and a mixture of DMAc and acetic acid into a bottom stream, and

(c) partitioning an additional portion of the acetic acid from the

mixture of DMAc and acetic acid to the overhead stream of the first column.

2. The method of claim 1 further comprising recovering the purified

DMAG from the overhead portion of the second column.

3. The method of claim 1 wherein the temperature profile results in

< about 15% of the total temperature difference in the first column

occurs in the top portion,

< about 15% of the total temperature difference in the first column

5 occurs in the upper bottom portion, and



of acetic acid at about 80 ng/kg (0.008%: Table 2 Assay | Assay 2 DVA
Assay 100. 0% 99. 7-99. 8% Water Content </()0.01%< 0.01 %{5 Aceti%:/ Aci d :
Cont ent <v0.2000402928- 0. 3% Color < 5 units < 5 units BaPETRISAABIIONIARS

Di methyl amine 1-3 ng/kg 1-3 ng/kg fromall Bases Present Thus, the
inventive method yields DMAc which duplixgates comercially available 20
DMAc. It should be understood that the enbodi nents of the present

| nvention shown and deger Wbed LR D SRBRIJHNSRIE AMALACOM theiref Goinf

enbodi nev\gzogzlgggglzgv e I'n e art and art not limting
in any ) P S2003/ 019405 .. -18 way. For exanple, the nethod
may be use@CPWSr‘B&}@éfﬂ'd(?égﬁP@’&rl QUHeM BHPMg  poi nt products from hi gher

boi l'ing point contam nants by recovering products fromthe first colum
distillate. Therefore, various changes, nodifications or alterations to
these embodi ments may be nmade or resorted to without departing 5 fromthe
spirit of tshe inventiTire methdchef capd wierehretheddottam streemafrag the second

column is provided as a pumparound stream to the first column.

5, The method of claim 4 wherein the bottom stream of the first

column is provided as a liquid feed to the second column.

6. The method of claim 4 wherein the bottom stream of the first

column is provided as a side vapor draw to feed the second column.

7. The method of claim 4 wherein the bottom pumparound siream is

provided to the first column at the feed port.

8. The method of claim 4 wherein the bottom pumparound stream is

provided to the first column at an entry port above the feed port.

9. The method of claim 4 wherein the bottom pumparound stream is

provided to the first column at an entry port in the upper bottom portion.

10. The method of claim 1 wherein the bottom stream of the second

column contains acetic acid at less than an azeotrope concentration.



What is clainmed is: WO 2004/002926 PCT/ US2003/019405 -19 1. A nethod of
separating DMAc from an aqueous DMAc solution containing acetic acid
conpri si Myo(2a)4/qoeeéi di ng said solution to a first distiPCatisesn3om4osm, said
colum having a feed port and an entry port, and having top and bottom
portions, said 5 bottom portion having upper, md, and | ower bottom
portions, at a tenperature sufficient t'0 render the | ower bottom portion

of the col substantially d t R col um
substanti aﬁﬁny wet , ancpet 8“%@94 ﬁ ggﬁ“&c‘&ﬁ?ﬁéﬂpg{cﬁ %%bée%}\%}e@% l%h\qgggthigfga stream
and a bottom stream of the first colum ép% provi ding the bottom stream of
the first doessaetd WHolig frsbepiimnts Qergtidgcond distillation col um to
partition purified DMAC into an overhead streamand a m xture of DMAc and
acetic acid into a bottomstream and (c) partitioning an additional

portion of the acetic acid fromthe mxture of DVMAc and acetic acid to the
over head stygeam of t Hehd iretihod of ulaim 12whdiein thet hoetioodcid Ipairiitioneduntther
conprising recovering the purified DMAc fromthe overhead portion of the

second col uchad TheafFotAd mét Qidhmid redisichidat hiiduadiper at ur e profi | e

results in about 15% of the total tenperature difference in the first
colum occurs in the top portion,

13. The method of claim 1 wherein the acetic acid partitioned in the

overhead stream of the first column is recovered as a vapor.

14. The method of claim 2 wherein the DMAc is recovered as a liquid

from the overhead of the second column.

15. The method of claim 2 wherein the DMAG is recovered as a vapor

from the overhead of the second column.

16. The method of claim 1 wherein the bottom stream of the first
column is provided to the second distillation column in a physical state selected

from the group consisting of a liquid, a vapor, and a liquid/vapor mixture.

17. The method of claim 1 whereby the additional portion of acetic acid
is partitioned by providing the bottom stream from the second column to the first

column.



< about 15% of the total tenperature difference in the first colum 5
occurs in the upper bottom portion, and WO 2004/ 002926 PCT/ US2003/ 019405
-20 > abowD 20@0@0e426t he total tenperature difference in PoE/US2eS01%05 uM
occurs in the md and | ower bottom portions. 4. The nethod of claim1l
wherein the bottomstreamfromthe second _colum is provided as a
punparound streamto the first colum. 5~ The nethod of claim4 wherein the

bottom stregm of the_first, col i i L (Ol ’
second col ﬁgn 6. Th Wﬁmdg?ﬂgglgj? %@%éﬁ%ﬂ%%@o %%’ﬂ?é? ?gg%nﬁ%%ate he
first colum is provided as a_ side vapor draw to feed the secqnd um.
7. The net ioBagitiopedibmRIovidiNg:tg RAtOM BHMPATYRARH S 6 r%’i“ﬁ@ﬁﬁﬁr?c{sco'%ﬁhvi ded
to the first colum at the feed port. 8. The nethod of claim4 wherein the
bot t om pumadieovetdrring daerbotompsteadna éem the srcand ealupw todRedirstHolWRNr y port
above the feed port. 9. The nmethod of claim4 wherein the bottom punparound
streamis provided to the first colum at an entry port in the upper
bottom portion. 10. The nmethod of claim 1l wherein the bottom stream of the

second col cont ai dcFoPQhfn AlwhEeh fHadsotiom atesiaronad stream is
concentrat i@ﬁrﬁ1 WO 20(5'2/%0 3626 PCT/ US2003/ 019405 w

obtained using a reboiler common to the first and second columns.



-21 The nethod of claim3 wherein the tenperature is a function of a
pressure at which the first colum is operating. 12. The nethod of claiml
wher ei n tWe 2aeitee6éaci d partitioned in the overhead stpearmsefostomeosirst
colum is recovered as a liquid. 13. The method of claim1 wherein the
acetic acid partitioned in the overhead,streamof the first colum is
recovered as a vapor. 14. The nethod of Claim 2 wherein the DMAC is

method of i m 2 whehBPRBRIRURiRECPLERENBY P aTES tn 8RRl O

over head of the second columm. 16. The nmethod of claim| wherein the bottom
stream of t®¥TPIF8Y colum is provided to the second distillation colum
in a physical state selected fromthe group consisting of a liquid, a
vapor, and a |iqui d/ vigerfirsi distifatiomcolumpdn sefinsavitra spepnd di {A%by t he
additional portion of acetic acid is partitioned by providing the bottom
st ream f r ongdlh@ins teofict diztilatior coluhm havisg a feed wont fon® kit ersa@rhead

PCT/ US2003/ 019405 -22 The nethod of claim 1 whereby the additional portion

]9‘; Ofnctﬁthgc f ?(?c}srgheggl%lrjﬁi:éﬂ biEedd istmeastidiany o fedohet fovra pottgardistiddst r eam
stream, and an exit port, the column having top and bottom portions, the bottom
portion having upper, middle, and lower bottom portions,

(b) the second distillation column having a feed port for the distilled
bottom stream from the first column, an overhead condenser for a distilled
10 overhead stream, an optional bottoms rebbiler, and an exit port,
(c) a pump to provide the bottoms product stream from the second
column to the first column, and
(d) a control to regulate a temperature profile wherein the upper

bottom portion of the column is substantially wet and the lower bottom portion of

15 the column is substantially dry.

21. The apparatus of claim 20 wherein the control regulates the
temperature profile in the first column between the temperature of the overhead
distilled stream and the bottom distilled stream such that
< about 15% of the total temperature difference occurs in the top
5 portion,
< about 15% of the total temperature difference in the first column

occurs in the upper bottom portion, and



after returning the bottomstreamfromthe second colum to the first
colum. 19. The nethod of claim4 wherein the bottom punparound streamis
obt ai ned wei2og/@2926boi | er common to the first and secon@CTraisami®n194%O

2004/ 002926 PCT/ US2003/019405 - 23 20. An apparatus to separate fluid
conponents in a feed solution conprisingy(a) a first distillation colum
in series with a second distillation ¢ um1 the first distillation colum

o]

having a feed port fo -t %‘?&s r head
distilled stream a r%b%q%gﬁf/%gf]’g‘eg@ eﬁ‘f@h&%@ ‘?sed S reaﬁ%ﬁCJéﬁ g%@ﬁf
port, the colum haying t g anﬂpgottoqr{rhgortl ons, the bottom portion having
upper, m ddpetiormpriignandieyes N. (b) the second distillation
colum having a feed port for the distilled bottomstreamfromthe first
col um, an overhead condenser for a distilled 10 overhead stream an

opti onal bottons reboiler, and an exit port, (c) a punp to provide the

bott ons progdgct streaf‘r‘hbrappetrb@nssﬁ@imm 2@ wheneinttbe chatrbl issm thel rehileranfd (d)
a control to regulate a tenperature profile wherein the upper bottom
portion of {iefiePbyifhA.s substantially wet and the | ower bottom portion of
15 the colum Is substantially dry. 21. The apparatus of claim 20 wherein
the control regul ates the



tenperature profile in the first colum between the tenperature of the
overhead distilled streamand the bottomdistilled stream such that <
about 15%vof20ede2926t al t enperature difference occurs i nPCR@Se@B/01%0porti on,
< about 15% of the total tenperature difference in the first colum occurs
in the upper bottom portion, and WO 2004@%0_2926 PCT/ US2003/ 019405 -24 >
about 70% of the total tenperature diffeiénce occurs in the md bottom

Cont ol 1o 8 the reommen o N vneRi e iniyeTestatort a8 e

PCT/ US2003/ 019405 -25 23. A nethod to purify N, N-di met hyl acet am de ( DVAC)
from acet i clNs@? @AUEPUSBOHLOR GRTRBING i on conpri sing providing said sol ution
to a feed port of a first distillation colum wunder conditions sufficient
to partition aqueous atatdiogseidiselstien th sifeed pod dgfrediinst distillaion exlumelol um,
provi ding a punparound of a non-distillate bottons product froma bottom
of the firsunget comtitiond feffitientto patition aheedupacttiandidtas a distilatedrom the

distillation
5 first column,
providing a pumparound of a non-distillate bottoms product from a

bottom of the first column to the first column feed port and to a second distillation
column under conditions sufficient to distill substantially purified DMAc as a
distillate from the second column, and

10 providing a non-distillate bottoms product from the second column
containing DMAc and acetic acid to the first column to further partition aqueous

acetic acid to the overhead of the first column, and separating DMAc to the

bottoms of the first column.

24. The method of claim 23 further comprising recovering substantially

pure DMACc as the distillate from the second column.

25. The method of claim 23 wherein the conditions comprise a
temperature profile sufficient to render a lower bottom portion of the first column

substantially dry.



col um under conditions sufficient to distill substantially purified DVAc
as a distillate fromthe second colum, and 10 providing a non-distillate
bott onms pwodwetooks2em t he second col utm  cont ai ni ng DMVAc perd@Saastonsonci d t o
the first colum to further partition aqueous acetic acid to the overhead
of the first colum, and separating DVAc,k0 the bottons of the first
colum. 24. The nmethod of claim 23 further conprising recovering

subst anti al pure c as, the.di sti f; The
met hod of C#%I m 23 mntﬁ%m?s‘t‘ﬂ%°£§1?§’Ft2§éo‘ﬁ@8rc%'ﬁrpﬂﬁgu fségﬁ%é%ﬁggg)e@@tb %e{)r ot | e
sufficient to render a | ower bhottom portjon of the first cplum

subst ant i al # jerapgratye @e%@e@%é%&@@%@&éﬁ%ﬁé@fﬁ%@ .r%ﬁgpﬂﬁf hod of
claim 23 wherein the tenperature profile generates a tenperature plateau
bel ow t he flreitbrstpagéon efifercalume substami@dy Wwele upper bottom portion of the
colum substantially wet. WO 2004/002926 PCT/US2003/019405 -27 27. A
purification nethod for at | east one conponent in a solution having a

first lower boiling conmponent, a second hi gher boiling conponent, and a
third conponent that fornms a binary high boiling azeotrope with the second



conponent, the nmethod conprising 5 (a) providing said solution to a first
distillation colum, said colum having a feed port and an entry port, and
havi ng t owoanaydet2z6om portions, said bottom portion havpcmgsSapa@i94osi d, and
| ower bottom portions, at a tenperature sufficient to render the | ower
bottom portion of the colum substantialby free of the first conponent and
t he upper bottom portion of the colum squtantiaIIy rich 10 in the first

conponent, d to parfition_t ' V, stream
aﬂd ?_ bot t oﬁ?‘st ream o?‘ R%g'%?{'$§fﬁéghé€ﬁ?ﬁféﬁggﬁpﬁnﬁgﬁﬁgﬂ?ﬁgn%o%lgﬁ@gt ream of
the first colum to an entry port of second distillation colu to
partition ahayipd@det owey beilino: sosap n@ SeEB'Fr‘E)g‘fQZ}W bloﬂ{n(g WB%%EQ@ a
streamand a m xture of the second and third 15 conponents into a bottom
stream andthirg)companentiat fesmsa bipanshigbdailincorgatiopsevihtheseerid to t he
feed port of the first colum to partition an additional portion of the
third conpopemponénipthd hethdck tomprisingsecond and third conponents to the
overhead streamof the first columm, wherein (i) the first conmponent is a

| ow bgi | i ng conpound agdpidvidiRg BERESSUtioMtcRa fiegtdlistiiagisn caluranCcld catunom of
at | east about 25% (r11) the second conponent is a high boiling conpound

ooy o oV b SRBASH T, o RERY Y SPBER AR o4 °
PCT/ US2003/ 8%’[%%5porfigr§ having upper, mid, and lower bottom portions, at a temperature
sufficient to render the lower bottom portion of the column substantially free of
the first component and the upper bottom portion of the column substantially rich
10 in the first component, and to partition the third component between an overhead
stream and a bottom stream of the first column,

(b) providing the bottom stream of the first column to an entry port
of a second distillation column to partition a substantially purified second
component into an overhead stream and a mixture of the second and third

15 components into a bottom stream, and

(c) providing the bottom stream from the second column to the feed
port of the first column to partition an additional portion of the third component
from the mixture of second and third components to the overhead stream of the
first column, wherein (i) the first component is a low boiling compound and is

20 present in a feed stock, a concentration of at least about 25%; (ii) the second

component is a high boiling compound relative to the first component and is

present in the feed stock, at a concentration of at least about 5%; (iii) the third



conponent is present in the feed stock, that is, at a concentration of at
nost about 5% and fornms a high boiling azeotrope with the second
conmponentwoanmat/00¢ey t he first conponent can cancel, contPcaluys2am/om40$ gat e
the two conponent azeotrope.

-28 -
component is present in the feed stock, that is, at a concentration of at most
about 5% and forms a high boiling azeotrope with the second component; and

(d) the first component can cancel, control, or mitigate the two

component azeotrope.



