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example, ethylene oxide/ethylene glycol production or production of acrylates.
Ethylene is a commodity chemical used in various chemical processes for making
numerous other chemicals. Ethylene is a particularly important reactant in the vapor-phase
production of vinyl acetate. Because ethylene is costly, producers of viny} acetate by vapor-
phase processes find that recovery and recycling of ethylene is an Important cost saving measure.
In a vapor-phase vinyl acetate process, inert gases, particularly nitrogen and argon, are
vented from the vinyl acetate reactor loop. These gases are introduced with the feed oxygen and
In seal purges throughout the unit. Because ethylene is contained in the purge stream, this purge
of the inert gases may result in an efficiency loss, controlled by impurities in gases, raw
materials, etc, of from about 1% to about 4% of the total ethylene used in the process. In some
plants, this inert gas purge stream is simply burned either in a flare or some other device to
recover the energy. In these cases, the producer merely accepts the loss rather than attempt to
recover the ethylene.
In other plants, the producer may attempt to recover the ethylene. A known way of
recovering ethylene is by absorption of the ethylene into vinyl acetate at system pressure
followed by depressurizing the absorber residue to recover the absorbed ethylene. Typically,
this requires a flash tank in which the pressure can be quickly and dramatically reduced, thus
allowing the ethylene to be separated from the vinyl acetate. Once separated from the vinyl
acetate, however, the ethylene must be repressurized through the use of a COMPpressor to recover -

the ethylene and force it back into the reaction Joop.



allowing the ethylene to be separated fromthe vinyl acetate. Once
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gas purge stream from a reactor loop in a vapor-phase process for making vinyl
acetate is provided. A method of the present invention includes the steps of contacting the inert
gas purge stream containing ethyiene with acetic aéid in an absorption vessel; discharging a
stream containing acetic acid and ethylene from the absorption vessel; separating the ethylene
from the acetic acid in the stream by contacting the stream with ethylene gas in a scrubber
column; and recovering ethylene from a top portion of the scrubber column. The method also
includes the step of recycling the recovered ethylene to the reactor loop for further use.
An alternate method of the present invention includes the steps of: contacting the inert
gas purge stream containing ethylene with acetic acid in an absorption vessel; discharging a
stream containing acetic acid and ethylene from the absorption vessel; and conveying the stream

to a vaporizer in the reactor loop for further use.

BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 is a diagrammatic representation of a known method for recovering ethylene from
an inert gas purge stream.
Fig. 2 is a diagrammatic representation of an embodiment of the method of the present

invention for recovering ethylene from an inert gas purge stream.
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Stream 10, comprising the residue from absorption column 6, is discharged from the base
of the absorption column 6 and contains primarily vinyl acetate with ethylene selectively
absorbed into it. A waste stream 12 is discharged from the top of the absorption column 6 aﬁd
contains primarily waste gases, namely methane, nitrogen, oxygen, and argon, but may also
contain some ethylene. Waste stream 12 may be burned or further processed.

Stream 10, still at system pressure, is conveyed into flash tank 14 where the pressure is
substantially less than the system pressure. For example, the pressure in flash tank 14 may be
about 5 psig or less. When the pressure is reduced on stream 10 as it enters flash tank 14, the
vinyl acetate and ethylene separate.

Stream 8 containing vinyl acetate is discharged from one portion of flash tank 14 and
conveyed through a recycle pump 16 back to absorption column 6. Stream 18 is discharged
from another portion of flash tank 14 at about atmospheric pressure or lower and contains
primarily ethylene. Stream 18 is conveyed to compressor 20 where the ethylene in the stream is
repressurized to system pressure and then returned to the vinyl acetate reactor loop 2.

The recycle gas scrubber loop 22 is a part of the vinyl acetate process which is used to
remove small amounts of viny] acetate and acetic acid from reactor effluent gas stream 24.
Stream 24, when it reaches recycle gas scrubber column 26, contains gases, namely ethylene,

oxygen, nitrogen, and argon, and some entrained liquids, namely acetic acid and vinyl acetate. -

Strearn 24 is fed into scrubber column 26 where it is contacted by acetic acid stream 28 in order
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Using the method of the present invention, neither a flash tank nor a compressor 1s
| necessary for the operation of the method. Accordingly, the method of the present invention
creates obvious savings in equipment and energy costs.
Referring now o Fig. 2, an embodiment of the method of the present invention, vinyl
acetate reactor loop 32 comprises the aspects of the vinyl acetate process in which vinyl acetate
is produced, including a vaporizer and a reactor (not shown). Inert gas purge stream 34 is vented
from the vinyl acetate reactor Joop 32. Inert gas purge stream 34 contains 2 variety of gases, but
primarily, ethylene, methane, oxygen, nitrogen, and argon. Inert gas purge stream 1s at system
pressure.
Inert gas purge stream 34 is conveyed into absorption vessel 36 where it is contacted
with acetic acid from stream 40. Absorption vessel 36 is operated at system pressure.
Absorption vessel 36 may be a column and have trays or packing. Alternatively, absorption
vessel 36 may be a contactor, centrifugal contactor, stirred reactor, stirred tank with packing, or
the like. Likewise, absorption vessel 36 may be an empty vessel, i.., having no interior
structure but with gas sparging up through the bottom of the vessel.

In absorption vessel 36, ethylene is selectively absorbed into the acetic acid of stream 40 -

and a stream containing primarily acetic acid and ethylene, is discharged from one aspect of



conpressor 20_ I ndeed, the ethylene nust be repressurized from
approxi mately atnospheric pressure or slightly above the system pressure.

Usi ng t he wetirogdsof the present invention, neither a flash perkso®isses
conpressor is necessary for the operation of the nethod. Accordingly, the
met hod of the present invention creates obvious savings in equi [ a
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present invention, vinyl acetate reactor |oop 32 conprises the aspects of
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gases, napel t hane, nitrogen, oxygen, and argon, but may al so contain
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and ethylene from stream 44. The ethylene is stripped out of stream 44 and discha:ged from the
top of recycle gas scrubber column 46 and returned to the vinyl acetate reactor loop 32 by stream
50 employing compressor 51. Outlet stream 47 is crude vinyl acetate.

In another embodiment of the method of the present invention, stream 44 would be
returned to the vaporizer (not shown) in reactor loop 32 from which the ethylene recovered in
absorption vessel 36 would be fed to the reactor (also not shown).

This embodiment may require certain special considerations with respect to the acetic
acid used in stream 40. The acetic acid may be fresh acid or recycled acid. In many vinyl
acetate processes, the acid fed to the recycle gas scrubber column 46 is recycled acetic acid. In
order to increase the effectiveness of the acid for absorption purposes, the recycled acid is
typically cooled before being fed to recyde gas scrubber column 46.

If this cooled acid is used for this embodiment of the method of the present invention and
fed to absorption vesse] 36, the resulting residue stream, 44, will also be cooled. Feeding a
coeled stream of acid to the vaporizer could increase the energy expenditures necessary for the
operation of the vaporizer. Alternatively, the acid in stream 44 could be reheated before feeding

it to the vaporizer.



oxygen concentration in stream 38 to a non-flamuable | evel. Acetic
acid/ethylene stream44 is then fed into recycle gas scrubber colum 46
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however, the, ebdifSta) Y& ?ge of the method of the present invention is that acetic acid is more
selective for ethylene than is viny] acetate. Thus, as compared with the known method for
- recovery of ethylene, the present method should be more selective, and thus, more effective.
Table 1 depicts the solubility of ethylene, nitrogen, and ethylene/nitrogen in viny] acetate and
Table 2 depicts the solubility of ethylene, nitrogen, and ethylene/nitrogen in acetic acid. The

data reflects the solubility measured at 30°C and various pressures expressed as pounds per

square inch absolute (psia). The data are reported in grams per liter.

Table 1

Solubility of Gases in Vinyl Acetate

Pressure | Ethylene Nitrogen Ethylene/Nitrogen
45 7.2 1.4 5.1
v 105 25.1 43 5.8

165 43.2 7.1 6.1



of the colum in absorbing ethylene may suffer. Furthernore, hot acid may
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ni trogen, and ethylene/nitrogen in vinyl acetate and Table 2 depicts the
solubility of ethylene, nitE3dSHIMENTAE GONIDEVIANS ogen in acetic acid. The
dat a rﬁérl GhS tcri]?e]_ solubility neasured at 30C and vari ous pressures
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16543. 2prceénd co@raler 0056 B Idv=UE3@ Q82| ) hoEL e 208:h aftached to the reactor for
gas addition. A 1 liter reservoir was attached to the blowcase; gas was regulated from the
reservoir 1o the blowcase and then into the reactor with a gas regulator. The liquid was degassed
by stirring at about 1000 rpms, stopping the stirrer and venting to the atmosphere. The blowcase
was then pressurized to an initial pressure of about 400 psig and the valve from the source
cylinder was shut off. With the stirrer off, the reactor was pressurized to the desired test pressure
and gas added until no more is needed to maintain the desired pressure. Once the pressure is

stable in the reactor, the test gas is vented following the degassing procedures discussed herein.

For Vinyl Acetate:

The procedure discussed above for acetic acid was repeated for study of solubility in
vinyl acetate, except that viny] acetate, due to its volatile nature compared to acetic acid, had to
be recharged due 10 liquid loss.

Continuous purging in the experiment caused some liquid loss and required the
recharging of liquid into the reactor. For acetic acid, the reactor had to be recharged two times.
For viny] acetate, the reactor was recharged five times during experimentation. At higher
pressures, it was necessary to refil] the bomb in order to saturate the hiquid. Due to the
compressibility of ethylene, the initial pressure was approximated in order to compare data.

When comparing the absorption of both liquids, vinyl] acetate dissolved approximately
two and a half times more ethylene than acetic acid at the temperatures tested. (Gas solubility
was found to be better at the lower temperatures for both liquids tested. Although the solubility

of gases studies were less in acetic acid than vinyl acetate, the ratio of ethylene solubility to



Table 2 Solubility of Gases in Acetic Acid
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to the reactor for gas addition. A lgliter reservoir was attacheﬂé—cﬂﬁ(ﬁ@ﬂﬂa
bl owcase; gas was regulated fromthe reservoir to the blowase and then
into [ i .gas. requl ator,.. The. | i quid degassed by stirring
" at aﬁ%uni "58’83‘&?‘%&5 bglf) iy fgﬂléégil?er?’éperafﬂﬁa Wﬁc%‘gﬁfbﬁl‘ﬁé‘ly efddphere. The
bl owcase WhSe tHeaAvEHtRYSHEY BESkOntitle 1] w300 psi g and
the valve fromthe source j,cyl i ngoer [\e/vas atsrLO%% n%cﬁﬁé%&%%%&%#athg&n@sﬁ, t he
r eacispecifiasmpodisEuts o Heen thewelbs iwagbflegahpRrig I8 d@wiARAnddavasidgd unti |

no nore js needed to nmaintain the desired pressure. Once the pressure is

st abidgscrived Hedetad detsin. Hewveversit shauldite ungatseabdftbht bevinvgntidreis degmssidag to

proc LScu herein...For VYinyl Acetate: The procedure discussed
Bbov et PiRedaiie SRk inclised Rifhebcibugmamign rubrorerdlimmodiismipns.

acet aiEivalexEeRid 1RFhatWeR YA SHak iitaBalsb Spe/oF 1 LB hal W £psopaned to
aceti%l: acid, had to be re(:]fl}gtrglgedﬁa1 Sgg'?gaﬁiq%?%ﬁ&otgési&v&tﬂ% %uageggc ¥éjl?eng in
t he éxporingeppercizdsédmsone |iquid | oss and required the recharging of
liquid into the reactor. For acetic acid, the reactor had to be recharged
two tines. For vinyl acetate, the reactor was recharged five tinmes during
experinentation. At higher pressures, it was necessary to refill the bonb
in order to saturate the liquid. Due to the conpressibility of ethylene,
the initial pressure was approxinmated in order to conpare data. \Wen
conparing the absorption of both liquids, vinyl acetate dissolved

approxi matel y



two and a half tines nore ethylene than acetic acid at the tenperatures
tested. Gas solubility was found to be better at the |ower terrpi wrz,s
for both liquids tested. Although the solubility of gases studi %’ £ES 2003
l ess in acetic acid than vinyl acetate, the ratio of ethylene solubility to
WO 01/ 00559 PCTI USOCO 16823 8 2 + DEC 2803 met hane or nitrogen solubility
was found to be higher for acetic acid than for vinyl acetate. Wile the

i nvention may be susceptible to various nodifications and alternative
forns, Wecsthinedibodi nents have been shown by way of exanple in the

drawi ngs and have been described in detail herein. However, it should be
understood that the invention is not intended to be |imted to the
particul ar forne gewed dsetcovRat bE ethylehe fiomv £ Miritp meit Sgab puegevercaal dontaining

nodi f i ca}]i ons, eﬁui val ents, and, al t?natives IfaI.I [ rl,g Wi hhi n the.s idr.it and
Scope. oftYIRRS Ao ¢ERes BpF clateseT FPTERp TToLS Py 0% g APTENEE A EFRIUIR peC
2003 9 YWabverplosh,dbipesduction df vinyPadttit)td efhlend REONRBIyetidd copibiape from a
first, inert gas purge_stream containi n@g_ql| eﬁ\%l ene ﬂnd at | east one o[?

ni trogen andoMaghng fhofish Perh @b PUIes ST ot a55HE 26 a0 e, PRELEN VARFLIR ng
a recovgdlastilélp osofbdihyine ke heic &did;vi nyl acetate, the ethylene recovery

met hod conprising: contacting the first, inert S purge stream wt.h a}cetic
acid in an aﬁ’éﬂ}afﬁlﬂﬁ)%se\?@?sé‘ﬁ“‘flétreaé'éF@E’c"?'%P%‘?t‘%lﬁggla’b‘P E"E‘ﬂ?’?e &1 ORe PHEOLRGt i ¢
aci d; dirzabRrdiongedeisecond, liquid streamcontaining acetic acid and

et hyl ene from one portian of the absorption vessel; discharging out of the
recovery | oofiseheiging eptof theater st lapm A Ajrdattrepa £optaig g abfeast; e B AfrogRl 2% r gon

from anglhe froROnbineNpdfiod Hethe BSsefphibh Odbsdl SFHeRdin thaltBir® bfeainlt@ntatit Nleds Sthylesm
contains | ess ethylene than the first inert gas stream separating the

et hyl enthap thefirstheertag@esti@maci d in the second stream by contacting the second

st lr eam wit 3 SephiAting the ehifiFAE FRNDAS 284HcQRIN HARY Fchiddreah hy! RfRcting the sscbntbber
columm; an .
stream with a fourth, recycle gas stream containing ethylene in a scrubber column; and

recovering ethylene from the scrubber column.

2.  The method of claim 1 further comprising recycling the recovered ethylene from the

scrubber column to the reactor loop.

3. The method of claim 1 wherein the third stream further comprises oxygen and wherein at
least one diluent is added in an amount sufficient to reduce oxygen concentration in the third stream,

whereby the third stream becomes a non-flammable composition.

4. The method of claim 1 further comprising discharging an effluent stream comprising
ethylene from the reactor loop, and wherein the fourth, recycle gas stream comprises ethylene

recycled from the effluent stream from the reactor loop.

5. A method for recovery of ethylene from a first, inert gas purge stream containing
ethylene and at least one of nitrogen and argon from a reactor loop including a vaporizing step in a
vapor-phase process including a recovery loop, for production of vinyl acetate, the ethylene recovery
method comprising:

contacting the first, inert gas purge stream with acetic acid in an absorption vessel to
selectively absorb ethylene in the acetic acid;

discharging a second, liquid stream containing acetic acid and ethylene from one portion of

the absorption vessel;



recovering ethylene fromthe scrubber colum. 2. The nethod of claim!]l
further conprising recycling the recovered ethylene fromthe scrubber

colum to the reactor loop. 3. The nethod of claiml wherein the t?i i’(ﬂ‘e
stream further conprises oxygen and Whi ein at |east one diluent é (2003

I n an anount sufficient to reduce oxyg concentration in the third stream
whereby the third stream becones a non-fl anmabl e conposition. 4. The net hod
of claiml1 further conprising discharging an effluent stream conprising

et hyl ene fr oowiveging eé@Ge@nd btexaim,to thadapunieing istep intke feattort lhop, metycl e gas stream
conprises ethylene rec ed fromthe effluent streamfrom.the reactor
oop. | 8. A malHGE PP LG ST VsPry M S AR AP £ 5L ShEe

st ream aarkai fAidnggorel bty latdiker podioatof kiradtorptive vefsel) vhergethe dhid wesoroftaiam a
reactor |oop .including a vaporizing step in a vapor-phase process

i ncl udi ﬁedsealE)‘I%’F =l eﬁ’&b‘ﬁ?” BeUHduct i on of vinyl acetate, the ethylene
recovery nethod conprising: contacting the first, inert gas purge stream

with acetic acid. in an, absorption vessel to selectiye absarb ethyl ene in

the acetic afi d{fharngwﬂgpgﬁﬁa S vsgeit g i wa?tag%StSFM%ﬁftcamr'ﬁejo ¥ aci d

and et hyhera finam anaipedtii fdle®in ad Hfouabsaniatit 99 rédesSSlygenl onlertafor? M0Be

conveyi ng the second streamto_ the vapori zi n% step in {he reactor |oop; and
=

di schar §PigWanie sassteare whareknhs Yirg.gste g2 fiepm Decraes  neyularamable eAmpesitia-ni ng
at |l east one of nitrogen and argon from another portion of the absorption

vessel, wherein the third streamcontains |ess ethylene than the first
inert gas streary mEthofrfer meeevrsy obrethylens fom aHEeiinert SAs RUGES &reaflla SIAIYHE

stream Gyl indCANRED e f AXbEE nd Rfkon \WARY Lichut@lobEREudiag @ vepdrizenh alvapadded
in an anount sufficient to reduce oxygen concentration in the third, waste

gas st r GBI RSPy profuctian of yinylgsetets, g ethylened soaveRy @isthos Campibtiag | anmabl e

conposi tion. cdntacfinfelcRE, HAK gds oY SramAlitiedcBd R8N b Moiptibh t&kel, | Nert gas
purge stream contarning ethylene and at | east one of nltr?gen and argagn
from a react dischasgips peqondilayidstroap 691i3IRPE peetig agig 3ad sthylene from one portion o

the absorption vessel;

conveying the second stream to the vaporizer in the reactor loop; and

discharging a third, waste gas stream containing at least one of nitrogen and argon from
another portion of the absorption vessel, wherein the third, waste gas stream further comprises oxygen
and wherein at least one diluent is added in an amount sufficient to reduce oxygen concentration in
the third, waste gas stream whereby the third, waste gas stream becomes a non-flammable

composition, and wherein the diluent comprises methane.

8. A method for recovery of ethylene from a first, inert gas purge stream containing
ethylene and at least one of nitrogen and argon from a reactor loop in a vapor-phase process for
production of vinyl acetate, the ethylene recovery method comprising:

contacting the first, inert gas purge stream with acetic acid in an absorption vessel,

discharging a second, liquid stream containing acetic acid and ethylene from one portion of
the absorption vessel;

discharging a third stream containing at least one of nitrogen and argon from another portion
of the absorption vessel;

separating the ethylene from the acetic acid in the second stream by contacting the second
stream with a fourth, recycle gas stream containing ethylene in a scrubber column; and

recovering ethylene from the scrubber column, wherein the third stream further comprises

oxygen and wherein at least one diluent is added is an amount sufficient to reduce oxygen



phase process for production of vinyl acetate, the ethylene recovery nethod
conprising: contacting the first, inert gas purge streamw th acetic acid
in an absorption vessel, discharging a second, liquid strean1coggaiﬂt%g
acetic acid and ethylene fromone portion of the absorption vessel:; 2003
conveying the second streamto the vapddizer in the reactor |oop; and

di scharging a third, waste gas stream containing at | east one of nitrogen
and argon from another portion of the absorption vessel, wherein the
third, wosdeftr@s i6 @il kiidahl) She@By I thied stR%MGREoma3 RChoM TR R 4Bl eddonipB&dn, ONE
di l uent i dded in an anmount sufficient to reduce oxygen concentration in
the thid ,“ﬁﬁ%@éh%ﬁ§w§¥?5ﬁﬁ$ﬁﬂﬁﬁﬁﬁ? the third, waste gas stream becones a
non-fl amrabl e conposition, and wherein the diluent conprises nethane. 8. A
nmet hod for recovery of ethylene froma first, inert gas purge stream
containing ethylene and at | east one of nitrogen and argon from a reactor

| oop in a vapor-phase process for production of vinyl acetate, the

et hyl ene recovery nethod conprising: contacting the first, inert gas purge
streamw th acetic acid in an absorption vessel; discharging a second,
liquid stream containing acetic acid and ethylene fromone portion of the
absorption vessel; discharging a third streamcontaining at | east one of
nitrogen and argon from another portion of the absorption vessel;
separating the ethylene fromthe acetic acid in the second stream by
contacting the second streamwth a fourth, recycle gas stream contai ni ng
ethylene in a scrubber colum; and recovering ethylene fromthe scrubber
colum, wherein the third stream further conprises oxygen and wherein at

| east one diluent is added is an anmount sufficient to reduce oxygen 24 DEC
2003 11 concentration in the third stream whereby the third stream becones
a non-flammabl e conposition, and wherein the diluent conprises nethane.





