PREPARATION OF ACETIC ACID FILED OF THE INVENTION The invention relates to
preparation of acetic acid. More particularly, the invention relates to a method for producing acetic
acid with a reduced level of aldehydes BACKGROUND OF THE INVENTION  Prior to 1970, acetic
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sponding acetals. TJ.S. Pat. WNo. 7,524,988 discloses a method
tor preparing acetic acid comprising reacting a portion of the
heavy, organic phase comprising mostly methyl iodide and
aldehvde impurities with a hydroxyl compound to convert the
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napon li Sﬁﬁé{ Q@%E of. More preferably, the rhodlum compounds
are selected from the group consisting ot Rh, ,(C2C3) 1, Rh,
(COIBr,, Rh.(CO),Cl,, Rh(CH:CO3)>. Rh(CHCO;)x,
HRh(CO) I, the like., and mixtures thercof. Most preferably.,
the rhodivun compounds are selected from the group consist-
ing of HRh(CO),1,, Rh{(CH_C(3,),., the like., and mixtures
therecof.

Suitable iridium catalysis are taught, for example, by TUJ.S.
Pat. WNo. 5,932.764. Suitable iridium catalysts are formed
from iridium metal or iridiuam compounds. FExamples of
suitable iridium compounds include IrCl,, Irl.. IrBr_. [Ir
CO) 1. [Ir(CO)-Clls. Ir(CO)-Brl,. HIr(CO)H, 1. HIr(CO)-
Br., HIr(CO)-1.. HIr(CH)I(CO)o, I (CO)y 5. Ira(CO), 5.,
Ir O, IrO,, Ir(acac)(CO),., Ir(acac)s, Ir(Ac);, and HLIrCl1 .
Preferably., the iridium compounds are selected trom the
group consisting of iridium acetates, iridium acetlylaceto-
nates, the like., and mixtures therecof. NMore preferably. the
iridiunm compounds are iridium acetates.

The iridium catalyst is preferably used with a co-catalyst.
Prceferred co-catalysts includcec meoetals and mcoctal compounds
selected from the group comnsisting of osmium, rhenium,
ruthenium., cadmium., mercury, Zzinc, gallium., indium., and
tungsten. their compounds., the like., and mixtures thereot.
More prelerred co-catalysis are selected [rom the group con-
sisting of ruthenium compounds and osmium compounds.
Most preferred co-catalysts are ruthenium compounds. Pref-
erably, the co-catalysts are halogen-free compounds such as
acctatcs.

The amount ofcatalystused in the carbonylation reactionis
generally 300 to 900 parts per million (ppm) of the reaction
mixture.

The carbonylation reaction prelerably uses a catalyst sta-—
bilizer. Suitable catalyst stabilizers include those known to
the industry. In general, there are two types of catalyst stabi-
lizers. The firsttype of catalyst stabilizer is an iodide salt such
as lithium iodide. The second type of catalyst stabilizer is a



The am 0 nn t ofcatai yst nsed in the ¢ arboriylatiC)111 reaction is CIIC ra | ly 300 to 900 parts per
llion (ppm) of the reaction itmi,ct Lire -The carbcany lati on reaction preferably uses a catalyst
stabilizer. Suitable c ata ly st s tabilizers incln ci e flax, s e loacywn. to the incla_astry Inaeneral, there
are two types of catalyst stabilizers . "The first type of catalyst stabilizer is an iodide salt sal ch. as
litlairtm iodide --rne second type of catalyst stabilizer is a non-salt stab ii i,er_ Preferred non-salt sta it
ili:cers arelpemﬁ@-at %ﬁﬂqﬂhraﬂm Vllﬂ?fefxvd%@ rSeeifSPatabSlBZI@%Qrelfta%gl ‘Eme

oxides are o8 It teds 2R NlelybIRA-S PR 68 Wﬁ%@ﬁﬂﬁﬁﬁ&@&@tﬁéﬁ%dox heamo Lila L Of
c ata ly st ?ﬁh&lh%?‘l_w Finrtvet éﬂ% ﬁu@mﬁ Yﬂiser‘i eFangSZ@ 25 weel smpercent (wt

Carbory

of the Tea @G@nmxtwﬁ,tars@ VRN o G 2% tiah tRaCHANS S, pre‘ferably
pert-tinned in th& it reset @flvm@ tz?fyha gﬂy ﬂg’@ﬁ?@ﬁaﬂ?%ml@ﬁﬁfwa@?% ﬁ’@rﬁlﬁl 0t2wtYip

to altont 143t hasaee, ﬁaato&a ranction BRRGTe PVIora pratetaliy, hamater cone

entrati on |§fkf§}c)ﬁn 1 ;E[t abbl:@l?t TYPRE R4St 713 L W}h’@@ﬂ%@fg@e@% 11trati C3 it

is fro in a hitiniA %@t@rﬁe@t&aﬂﬁeﬂk}ané & onrahRyhadivaraac Wated P Erhamsb ly
performedm‘tqg"p resetbce Qfjn et lay 1 acetate Mcﬂ%kaee@{e Carl He fit ruglcud in,s If de sirah Ic,

Oorrmne

met lay | agetate-calld atddeeltt@}McamaeatnéLt ml)&ﬁ{@'l Bneéemk&y;:tha coacentiakataior methyl

acetate is Qi aforft oAt aitgR 2qnit 214 pased o e Iatal WRisiru e feqiid A fatiadutrei_
N4C3 re pm&e&adrmby;ﬂmml%c&atéaﬂ@uﬂfﬁaeﬁﬂ ragetatedsent a adtratbh2 i gHhd3 to it It 16

wt "Ap _Most BT ERmpN LY @ﬁﬁ?ﬁé@jﬁa@‘@fﬁéﬁi ESRTT R RN 2,84 "X, to abont
8wt. TheecGaneiiyalibemaseastonsipraierablys preaviittatie chi-the presenea-ofunethyl iodide

Methy! Iodﬁe‘%ﬁmgﬁﬁ@ﬁﬁgﬁ’ﬂe&@bﬂ,ﬁhﬁ cne eoirali Ap plitietlayliadidg,isfram alacint 0.6
wt Otai to altgase36owt Xi basedon the tbtakweight githe reavtibn msmzx wiva More piesferal” ly, the

concentratH3f & Y. BafE s ﬂﬁ@ﬁ%@@’ﬁ@?@é@@@%ﬁ@l RIS ERARTERY, the

concentratt@mofrm@‘thyhed ideiis from -abv@dit<t wité £ rid-alicrubz0 wtmqoesiteﬁrramlybﬁ]ethyl iodide

can be 2,423SEAl A S C B AT AT oF by adding Paydrb e Tiadide . M Msthanol and.

carbon 113~0110, efdeaave'red%)thm:a'/tb emlglamtmmlae ittt o bitated mpm:@kla no 1 does
not react dﬁeﬁ[ﬁl\glfﬁ’ Catbol iin TN The Praséncs ol the CataRStis s 3Cede= 8. Ins tea a,
flat thati_01 istfC@HNferrdaztorhet eaetﬂ?lil%wmqil Itﬂetirzcca}tbmelamethyl iodide

hylbodiderkayr
then reacts\wtli-sahatt dnd 1087 G5 Dgﬁq/@ h Iy ﬂlgg@ggﬁﬁﬁehle’ta&sﬁgrm a cetic a cid
andtO res@neﬁmmqﬁlﬁmm% %]H?ld betetflay &I%ﬁb@!éé?hﬁ?th@?@é}:ﬂbn _Addition

dl e Lh

or Itycl ropEdicaR ez ha TACGBE Gt Ak U e GaeY i Rt elelre BN ~UAG € tHE en fro honor
lay arose t&?ggémtarqc fﬂr@llmiﬁemmfl(m@ X9 tocabonesme 11X, Fetatve sethe antonatt of

arbon ntca Lae iaeipthe &&ﬁggoraMewéemab%the anne-en«trationof biydrassen istdront altcp tit
0_3inn 1 Baitoapeptics h epiptiielatiye ro-teduteniohoeicte Tidienes, Trefar

percent (mol 26) to about S mol 26 relative to the amount of
carbon monoxide in the reactor. More preferably, the concen-
tration of hydrogcen is from about 0.3 mol 26 to about 3 mol 2o
relative Lo carbon monoxide.

"The carbonylation reaction is pretfterably pertformed at a
temperature within the range of about 150 C. to about 250°
C. More preferably, the reaction is performed at a temperature
within the range of about 150 C. to about 200 C. The
carbonvyvlation reaction is preferably performed under a pres-
sure within the range of about 200 psig to about 2_ 000 psig.
More preferably. the reaction is performed under a pressure
~within the range of about 300 psig to about SO0 psig.

The carbonylation rcaction producces a rcaction mixturc
comprising acetic acid., carbon monoxide, the catalyst, alde-
hydes, and other components. The aldehydes are byproducts
ofthe carbonylation reaction. Examples of aldehydes present
in the reaction mixture include acetaldehyvde, propionalde-
hyde. butyraldehydes, crotonaldehyde, their derivatives such
as Z2-ethwvl crotonaldehvde, 2-ethwv]l butyvraldehwvde., and the
like.

Acccording to the invention., an aldehyde-containing stream
is generated from the reaction mixture. At a least a portion of
the aldehyde-containing stream 1is reacted with an alcohol to
form an acetal-containing stream (acetal - forming step).
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IP’referably., the carbonylation reaction uses, in addition to
the carbonylation catalyst, a cataly st stabilizer, methy 1l iodide,
water, and methvl acetate to produce a reaction mixture com-
prising acetic acid, carbon monoxide., the carbonylation cata-
Ivst, a catalyst stabilizer, methyvl iodide, wwater, methvyl
acetate. and aldehvdes.

At least a portion of the reaction mixture is separated by a
flash separation into a liquid stream comprising the majority
of the catalyst and the catalyst stabilizer, and a vapor strcam
comprising acetic acid, methanol, carbon monoxide, waltler,
methvl iodide, and any other impurities generated during the
carbonylation reaction including aldehydes. The ligquid
stream is then prelerably recyvcoecled Lo the carbonvlation reac-—
tion. The flash separation is preferably conducted at a pres-
surec of from 15 to 30 psig and at a temperature of 110 to 140°
.

The wvapor stream obtained from the flash separation is
passed to a light-ends distillation. The light-ends distillation
separates an overhead comprising methyl iodide., ~water,
methyl acetate, and aldehydes from an acetic acid stream
comprising mostly acetic acid, water, and minor amount of
aldchydes. The light-ecnds distillation i1s typically opcrated at
atemperaturce of 105 to 1307 C. . andapressureof 15 to 25 psig.

Preferably, the acetic acid stream from the light-ends dis-
tillation column is passed to a drying column to remove water
and then subjected Lo a heavy-ends distillation Lo remove the
heavy impurities such as propionic acid, the remaining cata-
lvst and catalyst stabilizer. A purified acetic acid is produced
from the heavy-ends distillation. The heavy-ends distillation
is typically opcrated at a tecmpcecraturc of 115 to 150° C. and a
pressure of 5 to 15 psipg,.
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We claim: 1. A method for reducing aldehydes from an acetic acid production process by reacting
methanol and carbon monoxide in the presence of a carbonylation catalyst to produce at least one
aldehyde-containing stream, said method comprising reacting the aldehyde-containing stream with an
alcohol to form an acetal-containing stream, separating an acetalenriched stream from the
acetal-containing stream, hydrolyzing the acetal-enriched stream to form a hydrolysis mixture
comprising thévsllechlgiiamd the aldehydes, isolating the alcohol from the hydrolysis mixture, and
recycling the alcolol o ¢thacktdbiormeagistene, ad defleyaethotiroficiaimmnl avetsin dimdlcohol is

selected frpmdkiigraupcpasistegsofisonesatteh@snudidoten GB-411 dlycerimerand midures thereof.
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iodide stream<4nd fraeettberdchédrdaml . wherein the alcohol is 2-methyl-
1.3-propanediol.
5. A method for producing acetic acid, said method com-
prising:
(a) reacting methanol and carbon monoxide in the presence
of a carbonylation catalyst, a catalyst stabilizer. methyl
1odide, water, and methyl acetate to produce a reaction
mixture comprising acetic acid, water. methyl acetate,
methyl iodide, the catalyst, the catalyst stabilizer, and

aldehydes:
(b) flashing at least a portion of the reaction mixture to

produce a vapor stream comprising acetic acid, water,
methyl acetate, methyl iodide, and aldehydes and a lig-
uid stream comprising the catalyst and the catalyst sta-
bilizer;

(c) dastilling the vapor stream to Torm an overhead stream
comprising methyl iodide, water, acetic acid, methyl
acetate, and aldehydes, and an acetic acid stream com-
prising acetic acid, aldehydes, and water;

(d) separating the overhead stream into a light aqueous
phase comprising water and a heavy phase comprising
methyl 1odide and aldehydes;




(ii) recycling the recovered methyl iodide stream to step (a); (iv) hydrolyzing the acetal-enriched
stream to form a hydrolysis mixture comprising the alcohol and the aldehydes; and (v) isolating the
alcohol from the hydrolysis mixture and recycling the alcohol to step (i). 6. The method of claim 5
further comprising purifying the acetic acid stream by a drying column distillation and a heavy-end
column distillation to produce purified acetic acid. 7. The method of claim 5 wherein the alcohol is
selected from(ihg geaypadonsistihg di Guacl Simenomlankibid)€1: €48 glyshls s€3C K gfycerins, and
mixtures thereof.(a 8. Miraneimd biehin 5, phetednthelaltvhel Is elylydst sdisctad flom the group
consisting of 2-miathy ¥t phropanedictraihyleak lgiycdh & Badlopyleng giyegdsi, 3-propylene glycol,
1,2-butanedidi 1, Berutamagioh tl bepetitanquiott 1061- hek dimsdli b a2y dinlstisg- 1381 thrapanediol , cycl
ohexane-1 ,4-dinadthatob Ineo gentyhglyoohaetahixtionetatheregt, st&dhe;method of claim 5, wherein
the alcohol is @elhykl] 3rgrop arsdeohl -d0rlihe metpostotelami b twhesictheegaclion between
the heavy phaseandting hicototlis p¢rformadsimtherpreseatalotarrachiiodesinearit. The method of
claim 10, whefein)treasiditi resinlsea sedfonieresih meth viheaxhifl ed dfrelaim Sawiséegn the
hydrolysis of the @a@tal-enriched stream is performed in the presence of an acidic resin  13. The
method of cla{nv]2, ghdmeid yheingdithesimisasulfominmsihed 14tidmmethod bhciaima, wherein
the catalyst stabiliredire hestavalantt@ms g vmgpausing 1Berhdandtddaoididlne 53 dkerein the
catalyst stabilizetiy d ghosphihe oxide.

(v) 1solating the alcohol from the hydrolysis mixture and

recycling the alcohol to step (1).

6. The method of claim 5 further comprising purifying the
acetic acid stream by a drying column distillation and a
heavy-end column distillation to produce purified acetic acid.

7. The method of claim 5 wherein the alcohol is selected
from the group consisting of C,-C,, mono-alcohols, C,-C,
glvcols, C;-C |, glycerins, and mixtures thereof.

8. The method of claim 5, wherein the alcohol 1s a glycol
selected from the group consisting of 2-methyl-1,3-pro-
panediol, ethylene glycol, 1,2-propylene glycol, 1,3-propy-
lene glycol, 1,2-butanediol, 1,3-butanediol, 1,5-pentanediol,
1,6-hexanediol, 2.2-dimethyl-1.3-propanediol, cyclohex-
ane-1 ., 4-dimethanol, neopentyl glycol, and mixtures thereof.

9. The method of claim 5, wherein the alcohol is 2-me-
thyl-1 ,3-propanediol.

10. The method of claim 5, wherein the reaction between
the heavy phase and the alcohol is performed in the presence
of an acidic resin.

11. The method of claim 10, wherein the acidic resin is a
sulfonic resin.

12. The method of claim 5, wherein the hydrolysis of the
acetal-enriched stream is performed in the presence of an
acidic resin.

13. The method of claim 12, wherein the acidic resin is :
sulfonic resin.

14. The method of claim 5, wherein the catalyst stabilizeri
a pentavalent Group VA oxide.

15. The method of claim 5, wherein the catalyst stabilizer is
a phosphine oxide.



