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I NVENTI ON i oooi i This invention relates to the
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0003 Ethane is usually first mixed with the inert gases such as nitrogen or water vapor before
oxygen or the gas comprising molecular oxygen is fed in. The mixed gases are preferably
preheated to the reaction temperature in a preheating zone before the gas mixture is brought into
contact with the catalyst. Acetic acid is separated from the gas leaving the reactor by
condensation. The remaining gases are recirculated to the reactor inlet where oxygen or the gas
comprising molecular oxygen and also ethane and/or ethylene are metered in. The recirculated
gases will always comprise both ethylene and ethane.

woss;  Figure 1 shows a common prior art acetic acid production process. In this basic system,
an ethane containing stream (1) is fed along with an oxygen containing gas (2) into an ethane
oxidation reactor (3). This reactor can be either a fluidized bed or a fixed-bed reactor. Inside the

reactor (3), ethane is oxidized into acetic acid, ethylene, and various carbon oxides (COy). The



condensation. The remai ning gases are recirculated to
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shows a common prior art acetic acid production
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stream (1) is fed along with an oxygen contai ni ng gas
(2) into an ethane oxidation reactor (3). This reactor
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1woo7; FIGURE 1 shows a prior art acetic acid production process.

jo00s) FIGURE 2 shows one embodiment of the acetic acid production process of the present
invention.

jpoos; FIGURE 3 shows a second embodiment of the acetic acid production process of the
present invention.

o010y FIGURE 4 shows a third embodiment of the acetic acid production process of the present

invention.



of those streans. BRI EF DESCRI PTI ON OF THE DRAW NGS
10007] FIGURE 1 shows a prior art acetic acid
wonrofworison process. | O00SI FI GURE 2 shows onePCT/US2007/002350
enbodi ment of the acetic acid production process of
the present invention. 10009) FIGURE 3 shows a second
enbodinent o f the acetic acid production process o f
the present invention. looioj FIGIRE 4 shows a third
enbodi ment of the acetic acid production process of
the present invention. DETAI LED DESCRI PTION O F THE
| NVENTI ON | oom The present invention provides a
process for selectively prepaning acetic acid fromthe
oxi dation of ethane. One byproduct of the ethane
oxidation reaction is ethylene. It is an objective of
this application to renove as nuch produced et hyl ene
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in this reaction, and one of ordinary skill in the art will know how to optimize catalyst
performance by finding the appropriate reaction temperature. The pressure can be atmospheric or
superatmospheric, for example about 1 to about 50 bar, preferably about 1 to about 30 bar.

wei4)  The oxidation reaction produces a mixture of gases including ethylene, acetic acid, water,
COx (CO and CQy), unreacted ethane, and assorted heavy by-products. The product gas effluent
from the reactor is preferably filtered to remove catalyst fines and is then routed to a recycle gas
scrubber, which produces a top stream containing ethylene, ethane, and COx. The top stream
from the recydle gas scrubber is routed to a fixed bed CO converter followed by a processing
step that removes the COy from the top stream. The bottom stream from the recycle gas
scrubber, which contains acetic acid, water, and heavy ends by-products, may be purified as
known in the art to provide purified acetic acid. For example, the bottom stream may be routed
to a drying column to remove water followed by a heavy ends column to remove propionic acid

and other heavy components.



performance by finding the appropriate reaction
tenperature. The pressure can b e atnospheric or
weupEriaesy spheric, for exanple about 1 to aboBCTAB82007/002350
bar, preferably about 1 to about 30 bar. [00141 The
oxi dation reaction produces a m xture of gases
i ncl udi ng ethyl ene, acetic acid, water, COx (CO and
CQX2), unreacted ethane, and assorted heavy
by- products. The product gas effluent fromthe reactor
is preferably filtered to renove catalyst fines and is
then routed to a recycle gas scrubber, which produces
a top stream containing ethyl gne, ethane, and COx. The
top streamfromthe recycle gas scrubber is routed to
a fixed bed CO converter followed by a processing step
that renoves the COx fromthe top stream The bottom

tr th hi e i
LRSSy LRI 50 ity il SIS pmoves s

etic ac
the puidafi¢retpacicorkprodmct by mdses af ¢ chamigplogaationp (fibisf feestion can take place at
anyddt! { ttﬁg 'pgocggs(,) oL SAM Eimh &8 atbQL dfRMud ERAIY Jﬂibfatﬁ)g rgactor or in the

routed. rying colum to renove water followed by
recyplheaplinee fgsaceynpkish this reaskier dhitespmda Passed PFr 4R @xigptien catalyst at a

temPEaMi¥e FBRARRALS conert cthfl@le Blackiic A58Vl ABC&NVE Bthane in the stream
certain teachings of the present invention, ethylene

to aeelicasibviaPrrcgHOifeenb:tiig step dheaBet e¥t by RIPGRAIEE stigpm through a fixed-

bednl&aﬂﬁidﬁzfed aaegh[%mjt&al:thﬁaﬁgitﬁa sarhBi catalyR8kddOth flﬁnetﬁa'ﬁé%xidation step,
place at _an ol.nt 1 n the rocess,. .[or exanpl e

hovy eyt appthey Ergbadimentibe gathluite SR ATt  MAth afalifs thyf are capable of
oxilliB@gleBtyie k€ a@fis akidr higher emperaniréssdie thpadble cfaxidiging ethfiene to acetic

.St d i dat] on. tal yst at .
e LB o B SR LSt e8! s 1000 0 oo
effiaiencles It higber esey eo ttheeCHartypraduthm the raegtin 4add agetor,cthe removal of
Cd . . . . .
e JEhErehp 15T (B0 8 e B0 Byl Yfney of
pror@aendtheoumtatiangtivpcidprodentiencat al yst used in the

o1yt f@ﬂ@o@%ﬁﬂi’ & e 'art%tiﬁ R Jfagw@fﬁa{t tﬁ%@dé&! Q&ﬁ?&@% ﬁﬁﬂhg referred to in
the catal ysts can be ar erent. Mpst catal ysts that
the grecedingabskagravihs oxilldiaxe mepoeipted vath dhemeearions eptexghangers, pumps, and

conBb @B ank SRS QL léi)@l%.tiﬁé Ear%@@gl tRatOfre Q¥letthinkd gﬁ Qﬁ@ﬁ&rﬁaﬁar mixture of
t d at | As h et hyl

0 acetic_aci ower tenperatures. ene

Ci d e e | As_hig )
gasepivelved.i K ip wathinethy abitityeisonstaf oxgingiy|skill isdhe e thdeiprmine the proper
cor %ﬁéaﬁbmdqﬁr@me&i A08r tht pEs&S distlobite. COx byproduct in

G oo o Y SRy e ciion
readtiv@r #@dsthc _tchﬁfldilfefr'bﬁbf_?dl G¥actibn hhﬁt}ﬁrfaﬁﬁﬂs l\ahi_ﬂ,df o_ts;ﬂ*ﬂ)o.wﬁ.ﬂbao.olpdo.ooo75.
OnSEFAM LS, BT S SE il 95, B STy bl B ok ravin
formolat Mo ¢V orseN e s B .ot @ro b iPdo.000750,. The amount of oxygen, z, is determined by the
oxidation states of Mo, V, Nb, Sb, Ca and Pd and cannot be generally specified.

w018y The catalyst of the invention can be prepared, for example, as described in U.S. Patent
No. 6,399,816, by Borchert, et al., the entire contents of which are incorporated herein by
reference. Briefly, metal compounds that are the sources of the metais in the catalyst are
combined in at least one solvent in appropriate amounts to form a solution. These start from a
slurry, in particular an aqueous solution, comprising the individual starting components of the
elements in the appropriate proportions. The starting materials of the individual components for

preparing the catalyst of the invention are, apart from the oxides, preferably water-soluble
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catalyst.precursor. Typically, if nitrogen is used, ﬂowmg is used. If the inert atmosphere is
argon, then typically flowing is not used. When the inert atmosphere does flow over the surface
of the catalyst precursor, the flow rate can vary over a wide range, for example, at a space
velocity from 1 to 500 hr'. The calcination is typically done at a temperature of from 350°C to
850°C, preferably from 400°C to 700°C, more preferably from 500°C to 640°C. The calcination

is performed for long enough to form the catalyst. In one embodiment, the calcination is
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| ant hanu i de, eS| oxi.de, caIC|un1OX|de
entige, CaNiFRLH XS ”?5 ch ?‘ieﬁn‘t?%i"ﬁ%te gw FIRY B8, zi nc oxi de,

(00249 O Eigu@Xx2 d:EowL‘) @ho lembiotlinicde of the @neseatr inveiejonbOI0fhis embodiment, the
gasgcﬁosi hat %éef'drzsto&g?gp a dPaPngg cby% e%asgglégjn%u%?os gle el%hanb’omdatlon reactor
(13r as boordf gdsar in eanizomg wambtqnvzairenbrc &pipien gasee dederibed dleover An oxygen
con%"la'ltliﬁé gas (12), preferably pure oxygen, is also fed to the reactor (13). The ethane oxidation
reaction temperature is generally carried out at about 400 to about 600°C, preferably about 450
to about 550°C, depending on the catalyst used, the key being that the temperature be high
enough tb oxidize ethane. The appropri.ate temperature will depend upon the catalyst used in the
ethane oxidation reactor, however in one embodiment the catalyst has a formula
Mo,V .55sNbg.095bg.01Cag.01Pdo.0007s.

jo2s) The oxidation reaction produces a mixture of gases (14) that includes ethylene, acetic

acid, water, COy, unreacted ecthane, and assorted heavy by-products. The ethane oxidation



net wor ks or correspondi ng nonoliths. i0022| Support
materi al s shoul d be chosen based o n optim zing both
woheo7auzisace area and pore size for the specif PCT/US2007/002350
oxi dation of interest. The catalyst can b e enpl oyed
after shaping as a regularly or irregularly shaped
support elenent, but also in powder formas a
het er ogeneous oxi dation catal yst. 10023)
Al ternatively, the catalyst nay b e encapsulated in a
material. Suitable materials for encapsul ati on include
SSO2, PO, MO C203, TiO2, ZrO 2, and Al 2C8.
Met hods of encapsul ati ng naterlals i n oxi des are known
in the art. A suitable nethod’ of encapsul ating
materials in oxides i s described in U S. Patent No.
4,677,084 and references cited therein, the entire
contents of which are |nco;£ ed hereln b

produgl gasglldbds thfe@aﬁedﬁpwglé 8?1%“&?88‘8?/ %Ol%tw%e{e at least some
ethﬁéﬂﬁ iPbR8LRE ihtbvRakd &did. IThe kihykene ixbiatior Mdactidh &ng&s'a&\n'a ds generally

et hane feedst ock and r.ec g
carrea@ut & PRE BIHATEOA UL BHeRERIBH Ay B LAt e isuding on the
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froml 1) strehhe a8l hB0Ene¢h@atab @l doidhptddontidrenffbe appropridts temperature will
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nough | r
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ol N&: C g é(ﬁ:}rﬁh AR BedoledUledy ig/%'y}é%cﬁﬁ{\éb QuP also contains substantially less

Sb 0. ol Pdo. ooovs- 100 he oxi dati on reaction
ethqu:r@dtu(} awreagrtictagiddhasf thy ghare qq@e)tlopﬁgqctqupécp dygtstream (14). The product

gas %Hﬂ)é'nfe Bbm @& Q'Eéc@orqg 'p%fcx‘ﬁ@ltyeﬁlterépb rédiyve aatabdt Bh&A@MSt shown) and is

assorted heavy by-products. The et hane
therpsohittd 0 BApAYEIease seruber (1), Which REATUBESAIOR PR (i cgptaining etbylene,
ethahECARACOY! dafel t@B SFBAE HRm (RDdecyhIezls SérublRRgs ranedto a fixed bed CO
ethylene i s oxidized int acetlc (g }r @th%/ etae (18), and is
consiSH AEHOHE Bt PSR TRE HER QPLIEIEs S PO 5 R S
the@#é%ycg&d @mllétaml(w)dﬁaek @@ﬂiétetlmgﬁxm’aﬁﬁﬁ f@bdoy(la}ho The Eﬂﬁ)m streamn (16)
to about. 250Q0C, A depe on the.cat st _us g
fromp é@e B:‘éiyﬂg 25 ét{,ru.PlP.Fé ngﬁb ggiiaﬂlrs eathlc agid, %atgrno 8 %e%\é' Shds by-products,
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mozv,? effg\r}{éﬁte e h nefxlgﬁ%o évg?n ?ﬁw J{‘i’?maé !%avyg tfxgr nweglment the gaseous

ethmdbmmk (ab)eindcanacaq'ctﬁ 2 (39 an fedﬁeethggﬁxa@@ pmép.t@n reactor (33) as a

pure ggsp (?rrlgtaur{uextuvyelvxlnth one or more carrier gases described above. An oxygen containing

gas (32), preferably pure oxygen, is also fed to the reactor (33). The ethane oxidation reaction
temperature is generally carried out at about 400 to about 600°C, preferably about 450 to about
550°C, depending on the catalyst used, the key being that the temperature be high enough to
oxidize ethane. The appropriate temperature will depend upon the catalyst used in the ethane
oxidation reactor, however in one embodiment the catalyst has a formula
Mo, Vo.ssNbo.0sSbo.o1Cao.01Pdo.o007s.

028y The oxidation reaction produces a mixture of gases (34) that includes ethylene, acetic

acid, water, CO,, unreacted ethane, and assorted heavy by-products. The product gas effluent



depend upon the catal yst used in the ethane oxidation
reactor, however in one enbodi nent the catal yst for

woheo7@oingh ene oxi dation is the same used for tReTRISE@®NEB02350
oxidation. In a further enbodi nent, the fornula of
that catal yst is Mi Vo. ssNbo- ogSbo- oi Cao. oi Pdo. 000TS-
| 0026] The gaseous product stream (21) o f the second
oxi dation reactor (20) still includes water, COX,
unreact ed et hane, and assorted heavy by-products, bt
al so contains substantially | ess ethylene and nore
acetic acid than the ethane oxidation reactor product
stream (14). The product gas gffluent fromthe reactor
is preferably filtered to renbve catal yst fines (not
shown) and i s then routed to a recycle gas scrubber (
15) whi ch produces a top stream (17) contai ni ng

TR e T Y T—
rccy:(xlm ey $ceubbeo(d30wetlich yrodncps adels strergn €3 Bpcontraning @ﬂw{e@g, ethane, and

o R PP 0, P g s, v
.andﬂ@aw ords by PyeduTisembpbe prniied asdmopady theragtp ﬁ)mé/uieg@wﬁeé acetic acid.
(uuzgﬂ aStiio gﬂ@{)m Wﬁ ‘?l’fénlte;ﬁ:%@é EQSC& b(Be@PS*S‘Si is WRh %ﬁsse@'ﬁgough a second

eavy e ucts uri fred as known
oxx@aﬁ@nmctqrdttﬁ}w praeat peps sdreqcdhkens is eriliged ftsezvstlwmd The ethylene

ox1£%{o§xt}§£ctl‘3§b&%éf‘?cﬂxte ik el cQﬁla@%t' &t dBbBUT R 8 aboht250°C, preferably

enbo , the gaseous ethane feedstock (31) and
aboah 00 wapoite2 5§56, de@eidiag en thedcatabyst hecde thediss beinedhatitmtemperature be

hlgﬁ %ﬁl&lg?lrto %%%zeaéhﬂerpéj at g@«gengf ghriheﬁ s%gf&ﬂ{aﬁy%tfhnﬂé}qewcle ethane is

carrier gases desc bove

Xyg
ox@gm aiThe 1ggsegus pr(oggc;t stygpaaf @l hpf @ewp@dowyexgﬁm qeagoraﬂgb still includes

cof efhdl drdRd re%?AGEorFu(a'%@% the [&1Ry184@NGat DN @b 1OProBRAGA1)GB routed to a
fenperature |s$3enera carried out at about 400 to

fixeshedi C@ oo ILter folleved Ay Rpregsetine %o thebreamyee thss‘%Po@m the top stream

(3851 GRE R BOreR eIt R Gkl (YS)badR fkthe Eh@wﬁemliaemgrewaﬁ (38he
erature b e high enou%g to.oxidiz

st R GHRel BT A PEVREIUED SRS fhorln R Seaieaiet the gaseous

ethatfeCedsiock {81)eindadne redycqmgasc(nzy ﬁ'a(f&cbfa thB @uave bxidati@neactor (53) as a
enbodi nent . t he cg}alyst has a.

PuSEES o BB D SIS nOrE SOBT SRS BT e Ry AP contining
gasqﬁmﬂmemwy mrx ouygenofs ajssied tq B )redat(53)n clhedexddation reaction produces

a ngﬁgﬁ( ¢, 8L gast tﬁatqg%mdes\’\géﬁ q@é?hc :H:n& e@e&&e %(? t Gﬁ:régcted ethane, and

eavy roduct
asseftéd hemvy fyeproduses. r@h@tpmduptsgq@rqiﬂmmﬁﬂ}b ifrq>mttb¢ e@cm (53) is combined

with Qﬁ@%gct&aé‘iﬁ{\ g6 lf) AT }%rle%y e‘ﬂg%\%ﬁatl% geaht%r ttﬂﬁ N1l t%Qemove catalyst

a rec SCcru whi c roduces a top
ﬁﬂ@t memhommdcr@ theni Ionied tep mq.‘/é eges é?rhb‘?Fé (5féntYhG®Pf°dH‘iés a top stream

(Sﬁ%hﬁmxﬁ'é 8Bk 36thadd, At @9 I BN bBt AR St UBBE from the recycle gas
contai'ns acetic acid, water,

scrubber whlch contains acetic acid, water, and heavy ends by-products, may be purified as
known in the art to provide purified acetic acid.

0311 The top stream (57) from the recycle gas scrubber (55) is routed to a fixed bed CO
converter followed by a processing step that removes the CO, from the top stream (58). The
resultant gas (59) is then split into two streams, a first stream (62) that is recycled back to the
ethylene oxidation reactor (53), and a second stream (63) that is sent to ethylene oxidation

reactor (60). The ethylene oxidation reaction temperature is generally carried out at about 150 to

about 250°C, preferably about 200 to about 250°C, depending on the catalyst used, the key being



and heavy ends by-products, may b e purified as known

in the art to provide purified acetic acid. i0029| The
woam7awzsam (37) fromthe recycl e gas scrubber PCBAS2(03/002350

t hen passed through a second oxidation reactor (40)

where at | east sone ethylene is oxidized into acetic

acid. The ethyl ene oxidation reaction tenperature is

generally carried out at about 150 to about 250 0C5

preferably about 200 to about 250 OC, dependi ng on the

catal yst used, the key being that the tenperature b e

hi gh enough to oxidi ze ethyl ene, but | ow enough that

substantially no further recy§le et hane is oxidized.

The gaseous product stream (4%) of the second

oxi dation reactor (40) still includes CO, and

unreacted ethane. Finally, the et hyl ene oxidation
R i g T
subtietia@dnof d&thmet ilae)xicb:p:dstT}Eﬁmsé@S)proamﬂ sirgam IQ@‘I) afgby e¢cedd oxidation

readSy 1T G RPN, A0 WEWSELN LD ER b ABIEE A e product gas

efflieny (54 fdom ke 1teh¢tsr (éerbmﬂn imthremn, ronted tgageqygls gas hcaweber (55) as described
ham??%%EOCk (51) and any recycle gas (62) are fed to the

fane oxi dation react or (53) as a pure gas or.in
too3zri XEher preedding deseriptionnigset tozthrfor pugpasessofd gsiéwilb@@nly and is not to be
také'?lbﬁavg lififted®% a%ﬁggn \gﬁ'ﬂﬁl@'rﬂddﬂ"ﬁcﬂﬁﬁs Qﬁg)altglraﬁgﬁsr a4l e F%Uicﬁly apparent to

gen, IS reactor (53). The oxidation
persoeiaelﬂll% inghe étic disis interdgd.dhaeiore. dhat dre %?&Pl%rb&tconmdmd as exemplary
onld Rid HeEBe SEIPElRBR inAeBbh be Ab@ain¥iBir6h thdFMowitiyf famk ed
et hane, and assorted heavy by-products. The product
gas effluent (54) fromthe reactor (53) is conbined
wth the reactor effluent (61) fromthe ethyl ene
oxi dation reactor (60), filtered to renbve catal yst
fines (not shown) and is then routed to a recycl e gas
scrubber (55), which produces a top stream (57)
containi ng ethyl ene, ethane, and COx. The bottom
stream (56) fromthe recycle gas scrubber, which
contains acetic acid, water, and heavy ends
by-products, may b e purified as known in the art to
provide purified acetic acid. i003i| The top stream
(57) fromthe recycle gas scrubber (55) is routed to a
fi xed bed CO converter followed by a processing step
that renoves the COx fromthe top stream (58). The
resultant gas (59) is then split into two streans, a
first stream (62) that is recycled back to the
et hyl ene oxi dation reactor (53), and a second stream
(63) that is sent to ethylene oxidation reactor (60).
The et hyl ene oxi dation reaction tenperature is
generally carried out at about 150 to



about 250 O0C, preferably about 200 to about 250 0C,
dependi ng on the catal yst used, the key beingthat the
woenp@ozsar e be hi gh enough to oxidize at | easPCS@ISE007/002350
et hyl ene, but | ow enough that substantially no ethane
is oxidized. The gaseous product stream (61) of the
second oxi dation reactor (61) includes acetic acid,
COx, and unreacted ethane. It is conmbined with the
product gas effluent (54) fromthe reactor (53) and is
then routed to a recycle gas scrubber (55) as
descri bed herei nabove. | 0032| The preceding
description is set forth for purposes of illustration
only and is not to be taken in a limted sense.
Various nodifications and alterations will be readily
apparent to persons skilled in the art. It is
cLAR€nded, therefore, that the foregoing b e considered
—as exenplary only and that the scope of the invention
be ascertained fromthe follow ng clainms. CLAIMS: 1. A
1. pr deprosess dor théyprogresthuctiiaoeticalcida cernpresingsi d, conpri si ng:
OXicHt #1igeREANG frtt Radidr 8 prddB@ER BEst Eﬁl&ﬁ@&%ﬁﬁ; @Jgﬁe&g acetic acid
ef fl uent” stream conprising acetic acid and et hyl ene;
and gthylesRia®dzi ng the first effluent streamin a second
I e@&xid¥ing the FRAUEh AR Strsudf fnl L£de8OHd feBctOXdt RbBtiahs Ju@ént to oxidize at
some ethylene. 2 . The process of claim1, wherein the ‘
leashsqueg thylghset hane occurs at about 400 C to about 600 C.
3 . The process of claim1l, wherein the oxidizing the
2. i rigde peddebsisdlaitit ¥, @aidtdinthe oxRRANE ethRRCoRGrsQf @bt 460 °C to about 600
C about 150 C to about 250 C. 4 . The process of claim
"1, wherein the oxidizing ethane and oxi di zi ng the
first effluent streamis perfornmed with a catal yst

having t he m cal .fornyl a 1 Vaq. bo,09Sho. ui Ca

ol S bR by e TP PSR seom et
occwx pthitpun i e'Charbowt25p&€f or med using a fixed bed

reactor or a fluidized bed reactor. 6 . The process of

claim1, wherein the oxidizing the first effluent
4. st dampesspef cimel whirkg the foxididng ethaoe and fokigdidng e first effluent
stred1fd _rig_aCtp%f'forchd Th%viﬁ’lr ocgss cgtal}%{ al @a\;ingm%g i N hBBical formula
conditions of the oxidizing theé first effluent stream
Mo} Vo.55Nbo.ooSbs.u1Cag.01Pdo.0007s.

5. The process of claim 1, wherein the oxidizing ethane is performed using a fixed bed

reactor or a fluidized bed reactor.

6. The process of claim 1, wherein the oxidizing the first effluent stream is performed using

a fixed bed or a fluidized bed reactor.

7. The process of claim 1, wherein the conditions of the oxidizing the first effluent stream

are not sufficient to substantially oxidize ethane.

8. The process of claim 1, further comprising using a carrier gas for oxidizing ethane or
oxidizing ethylene and the carrier gas is selected from the group consisting of nitrogen, methane,

carbon monoxide, carbon dioxide, air, steam, or combinations thereof.



are not sufficient to substantially oxidize ethane. 8.

The process of claim1, further conprising using a
woaonaeioezisgas for oxi di zi ng et hane or oxi di zi ngrPeThgk®neo23so

and the carrier gas is selected fromthe group

consi sting of nitrogen, mnethane, carbon nonoxi de,

carbon di oxide, air, steam or conbinations thereof.?9.

The process of claiml, wherein a solvent is used for

oxi di zi ng ethane or oxidizing ethylene and the sol vent

is selected fromthe group consisting of nethanol,

et hanol, propanol, diols, water, distilled water, and

dei oni zed water, and conbinatipns t hereof. 10. A

process for the production of “acetic acid, conprising:

oxi dizing ethane in a first reactor to produce a first

ef fl uent strean1conprising acetic acid and ethyl ene;

oxigi zin |rs ent '
9. ettt e b ShElF R so bbbl B 35RERAG cthape or oxidizing
cthylemearet thylsohent & spieotdd dena theegrongl cerfsisting mf nedthangh etlzandl, propanol,
diols) QWeh 9iskifla 36600d BEOhYEN ARt A BMBIAMAR HerbioyC! @

gas Serubber 1o produce an acétic aclid stream and a

recycle stream 11. The process of claim 10, further
10. Comrﬁ@egkgfo¥ hgg'r(ﬂﬂlcﬁ oisa%g@@&l@fcg Eﬁﬁh St ream t hrough

a filter ows through the récycle gas

screiging efimne yetiyst @é@ggt%ﬁ0@+cauarﬁrit@fﬂvw $tFREPM comprising acetic acid
andC@Edesi Ng a flowing the recycle streamthrough a COx

scrubbér. 13. The process of claim 10, wherein the

fi retidiciogéhetinst eflyentisieam g sespnd reariar Ypnditigns eyficignt to oxidize at

least 4omg9@1ylbﬁ@ %‘cﬁé‘rﬁdlﬂfe aGle@dnd ekuenedag; And he second
i xed bed or a_flujdized bed reactor.

react or

The %‘V‘Bééﬁ%s n¢ FHIMERY YToARNEFBER & HEYFT BLY STERER B’rpr" uce an acetic
acidi§traani sidpaieaddlly @reain. about 400 C to about 600 C and the

second reactor is at a tenperature of about 150 Cto

about 250 C. 16. A process for the production of
11.aceThepracdssl pf clainrpi(D dimlger comipdsing flgwaighthe eecond afffuentstiream through a

react or a f| Si ef fl.uent stream conprising
ﬁltearc;%efolr%'taf%’l ?‘ﬁ r?cg ga?FOV\lALb%g the first effl uent

strean1through a recycle gas scrubber to produce an

12, ace{"}lxecpr%%sg of claim 10, further comprising a flowing the recycle stream through a COy

scrubber,

13. The process of claim 10, wherein the first reactor is a fixed bed or fluidized bed reactor.
14. The process of claim 10, wherein the second reactor is a fixed bed or a fluidized bed
reactor.

15. The process of claim 10, wherein the first reactor is at a temperature of about 400 °C to

about 600 °C and the second reactor is at a temperature of about 150 °C to about 250 °C.

16. A process for the production of acetic acid, comprising:
oxidizing ethane in a first reactor to produce a first effluent stream comprising acetic acid
and ethylene;

flowing the first effluent stream through a recycle gas scrubber to produce an acetic acid
stream and a recycle stream; and



stream and a recycle stream andoxidizing the first

effluent streamin a second reactor at conditions
weubd7ioozsat to oxi dize at | east sone et hyl ene POT/US2007/002350

produce a second effluent stream 17. The process of

claim 16, further conprising flowing the first

effluent streamthrough a filter before the first

effluent streamflows into the recycle gas scrubber.

18. The process of claim 16, further conprising a COx

scrubber in the recycle stream 19. The process of

claim 16, wherein the first reactor is at a

tenperature of about 400 Cto,pbout 600 C and the

second reactor is at a tenperature of about 150 Cto

about 250 C. 20. A process for the production of

acetic acid, conprising: oxidizing ethane in a first

re . . » T

oty Bhinh YR HEEE ol Py LicebERbedl HRBIEBRRLAECIER o oxidize o
leass sqneaethylenoteghtoduce esyeing efftusntyreatsber t o produce an

acetic acid streamand a recycle stream flowing a

portion of the recycle streamto the first reactor;
17. andThexpraeesh of cleim dGoRuthebeqamerising flowing the Jigst eflyqng gigeam through a

filter BeRrS@RE HH HARGT Qfcafl IFRNAIC thORSySBkh] Chibbr. T O
oxi di ze at | east sone ethylene to produce a second

effluenfstream wherein the second effluent stream and

18. f i TRie RbddssI6Mdlaif 16 RAIRF oL a0l 8érabter ih@e rédysle stream.
effluent streamflows through the recycle gas

scrubber.
19. The process of claim 16, wherein the first reactor is at a temperature of about 400 °C to

about 600 °C and the second reactor is at a temperature of about 150 “C to about 250 *C.

20. A process for the production of acetic acid, comprising;:

oxidizing ethane in a first reactor to produce a first effluent stream comprising acetic acid
and ethylene;

flowing the first effluent stream through a recycle gas scrubber to produce an acetic acid
stream and a recycle stream;

flowing a portion of the recycle stream to the first reactor; and

oxidizing a second portion of the recycle stream in a second reactor at conditions
sufficient to oxidize at least some ethylene to produce a second effluent’stream,

wherein the second effluent stream and first effluent stream are combined before the first

effluent stream flows through the recycle gas scrubber.



