MD 95/ 32938 PCT/ US95/ 05525 PROCESS
FOR THE Rilgdéphoder | ODI NE FROM ACETYL COMPOUNDS Thi s i nventp@fuggfgssdsns to
rhe renoval ~of iodine, 5 including [err] and iodine-containing organic
conpounds from acetyl conpounds such as acetic acid and acetic anhydride.
More specifically, this invention pertains to a process for the reduction
of the iodine content of acetyl streans contam nated with iodine 10 and
or one or nore iodine canpounds by subjecting the iodine-contam nated
acetyl streamto distillation in the presence of certain nmetal materials.
Vari ous processes for the preparation of carboxyllc aci ds and anhydri des,

i ncludi ng the coproduction of 15ppocgdsé PPN ! i d anhydri des or
carboxyl i c anhydri des and al g¥l {681 8 . Mﬁgbﬁ € catalytic
carbonyl ati on of al cohols, ethers, esters ano’or ol ef1ns

descri bed extensively i.n the | i.t.erature and, Qne _case aye .heen used
on a commerci al scalé’ nvepkio @aPF§%39H533° oMY in %r&88§§§s are
carried outsin tﬂre:lmdasmdq off "aamdoipdithét+coptaining enganilcne- contai ni ng

SO Sl o O%ygwmsphgﬁghiggbﬁggéG%nggﬁEsl%ﬁbﬂea “Be %&gﬁlaggalgﬁgSUCh

as net hyl iodide
i odi de salt of é%ﬁ%rﬁ c Moxey spegi ﬂFéﬂ%ﬂfertE‘éﬁp R¥RnSionee  for

gx?grg)l 2298 XV?)??eg(?iigmfleo alp fewss EWZmdQ%GucﬁionZGQ &he Wo8inBatents
r
or oduce - cont ai mSRERRESl ALY IoAty SpR, cantanina sl J2EK spdine.

processes IdbmmoAnd e Qn;bjcmzmd'et godanaen:pmmamsepxr subjecpiogethees,
such as fraCt'(”Eﬂdl(fﬂd fﬂ&téﬁh'egt§h| W&eﬁﬁetbeﬁQ§%&113Q§ohe§§CEﬁe0f

both the volatile an o ati | I Ne contalnlng conpounds eed, the
econom ¢ operatﬁﬁ?ﬁﬂQQﬁuﬂ¢:§§r ain getadcdakerdads:. in part, upon such an
ef fective ' Various processes for the preparation of carboxylic

acids and anhydrides, including the coproduction of

15 carboxylic acids and anhydrides or carboxylic anhydrides
and alkylidene dicérboxylates, by the catalytic
carbonylation of alcohols, ethers, esters and or olefins
have been described extensively in the literature and,
in some cases,'have been used on a commercial scale.

20 Typically, these'carbonylation processes are carried out
in the presence of a Group VIII metal and an iodine-
containing compound such as, but not limited to,
hydrogen iodide, an alkyl iodide such as methyl iodide,
a phosphonium iodide, an alkali metal iodide, or an

25 iodide salt of a number oflother catalyst or promoter

' _components. See, for example, S.W. Polichnowski, J.
Chem. Educ., 1986, 63, 206 and U.S. Patents 3,769,329,
4,374,070, 4,661,631 and 4,994,608. The carboxyl
product-containing reactor effluents from such

30 carbonylation‘processes commonly are subjected to
conventional separation procedures, such as fractional
distillation, which allows the recovery and recycle of
both the volatile and non-volatile iodine containing
compounds. Indeed, the economic operation of such

35 processes depends, in part, upon such an effective
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recycl eyglgdzsgagt € of the efficiency of nost separation nmepbpgiSesdagyever,
smal | amounts of iodi ne-containing conmpounds, e.g., up to about 250 parts
per mllion by weight (ppm) [I], typically are contained in the 5

product. For certain end uses, purchasers require that the iodine content
of carboxyl conpounds be extrenmely low, e.g., <20 parts per billion by

wei ght (ppb). U S. Patent 4,036,940 discl ses the use of a single type of
catal yst (copper oxi de/ chroni um oxi de on 10 alum na) for the recovery
and recycle of iodine fromhydrocarbon streans. There is no specific

application Ofelh@1e8CO%Rr ¥pRkaCess the g&@q%qg (g%?g;gﬂddh aci ds.
The method re Slggé ei t her pﬂcatal ; act i. tlgﬁggte arrle qutlat
%&G&P 5

400- 450[ err] RPYRVET oc 808 15 amo 8fertodi SFAIRIRS de i s
passed over tlmondpedndssulet,gng up ttoe abotadl S0 tpan:ﬂusnpea' lmﬂgliloﬂw col or)

or one of theaglgﬁgugbgp e& be|§éqga&& Dggﬁgaggg e@Hey wth the

vapori zed hydrocar trea opera t he i odi ne
removal Bed i profuct. pFeracergain &ﬂﬂeﬁﬁeﬁatﬂﬂ€ ssqe-seepémq thak i s

abl e to retai ghd5iddige’ Yontehlte oir0daRdokydWicoam 4dbel lextHemeyt hod
described in U.S. Patent’ 036 0_requli,r. ratur for
activation (468¥a58}8rr] 28 nEasgérRFFoﬁlegéenSg@[ n%; hlgh
tenperatures are 2U.S. Parentcdppasi,Pue dqulmsest&helngeao&lghsamgﬂace
area catal yst cpaeolr LaRh19EY (Bubat! %ﬁﬁe/%ﬂrﬁ Jusbalsal oheported in

this patent is racterls | C sintered nmateri a and (ii) would
require-8 proéé§§l§99e§ﬁFcEHPaFﬁFR§eE¥ePPé zecycds g€ H@Qﬂ@& %&em beyond 3C

the point at Wdﬁbcb.ﬁ:bbﬁC gteeansV apwheead issnbh u@eewaerrawlllbatwn
unattracti ve.

spite o ossi bl cause t he.h era A
omper atur oo PEqAPELRCERVERYPRBEREE  tPna TR EANES FoRERIRASS CaT B toncy
for |od|ne r egoids. i sTB8. ﬁ@thodhrsqeﬁt35|enchereaebatelyst actlvatlon

step carrled out at 400—450°c (durlnq whlch process

15 hydrogen or carbon monoxlde is passed over the bed
resultlng in the catalyst turning a brlght red color) or
one of these reductants is passed over the bed
concurrently with the vaporlzed hydrocarbon stream being
treated. Durlng operatlon,_the 1od1ne removal bed is

2) maintained at a temperature of 300—500°C and is able to
retazn 85 9-93 7% of the lodlne flow1ng through it.

The method described in U.s. Patent 4,036,940
requlres high temperatures for actlvatlon (400—450°C)
and operatlon (300—500°C) “Such hlgh temperatures are

2t (1) incompatible with maintalnlng a high surface area
catalyst (the brlght red color of the reduced catalyst
reported in this patent is characteristic of a highly
sintered materlal) and (ii) would requlre a process
stream contalnlng acetlc acid to be ‘heated’ well beyond
'3C  the point at which it becomes a vapor and is thus
economlcally unattractlve. In splte of, or pOSSlbly
because of, the high operatlng temperatures requlred in
this method, the highest demonstrated eff1c1ency for
iodine removal is 93.7%. Thls_eff;c;ency_level is

{
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| nadequat gyg 653240 duci ng car boxyl product streans that neetp&bpsssissat €
fitness-for-use criteria. U S. Patent 4,792,420 discloses the use of

expensive Group VII1, noble netal-containing catal ysts 5 i n conjunction
wi th hydrogen to reduce the level of iodine- containing inpurities in
carboxylic acid anhydride streanms to a very low |level. This patent
specifically excludes streans that consist pr+nmarily of acetic acid, i.e.,
expressly limting conmponents - other 10 t han carboxylic acid anhydrides
to 25 weight percent or less of the total, and indicates that anhydrous

conditions are tihasemiafienfar PradyciRg CArLAXYA PrPEREtoRtEgsMS: XhAsH
372,993 descri b@&dﬁﬁajpﬁvmwtfi%ea@etfw-agedcmlt&n-aganat e 15 times

by treatnment with hyQ{ﬁggﬁﬁ% rutH oqgga &%Q%gggglﬁﬁg Eggtgfnlng

pl ati num pal | adi um am. - ni
cobal t. Cbpper—Qﬂnﬂnﬁh“auﬁngmmawgiﬂs apblsomemaﬁrpgngalanaglsataéy5§$e|s

are not detgerm ngd. coﬂﬁ%ﬁﬂﬁrﬁ@zﬁﬁeﬁgﬁk‘ég’éﬁa%@ B&dhﬁét tRe 1levklieoget hod
w ||l reduce the ,iodi né content to <2 in fact,_.nenti,qns that the

described met hod9edngs&Eant al‘ﬁ"'&?ﬂjlﬂ‘ﬁ’ e\ﬂ t"H GaRePXYddrnacignoyal
met hods. This pammyanwaeﬂatﬂepmbeamhesvbhg dledudieved .of Thidepateatand

unsaturated ald rate y 5 / | gt hus
reduci ng the- leg%%ﬂ&? l&gee%%é“d%%e%F%FQEghgﬁgﬁlCOEﬁggg g ﬁgggﬁﬁoaf
reported is perﬁﬁﬁﬂ@ﬁa@@hﬁnn; eCansupasssdweAﬁmitgaq gngpeaqntsap§herto EP
143, 179) Qﬁﬁcr'lﬂﬁiﬂﬂaiﬂﬁ' 31T acila and ﬁgﬁlaébdtér2§0weigﬁ€ebbchREYS£'de

at 50 to 200[err] referabl 8Q to r ydrogen in the presence
of a Goup VIII ]ﬁc?cﬁpé’ raé F% SOEHPE HPHﬁ] or

preferably rhodicemdigslonsdiare do peaemployedael y distributed on a silica or
alumna suppor ! Ihi bl Parehes A1 iBadlon PLESIERLIBR 494)B8ac0ntent.

present as al kyl or
descrlbes the improvement of acetic acid permanganate

15 .times by treatment with hydrogen and a hydrogenation
catalyst containing platinum, palladium, rhodium,
ruthenium, osmium, iridium, nickel, or cobalt. Copper-—
containing catalysts are not mentioned and iodine levels
are not determined. There is no specific teaching that

20 the method will reduce the iodine content to <20 ppb
and, in fact, mentions that the described method is
useful in conjunction with other iodine removal methods.
This patent primarily teaches the reduction of aldehydes
and unsaturated aldehydes to the saturated aldehyde

25 andror alcohol, thus reducing the level of oxidizable
material. The only analytical method reported is
_permanganate time.

Canadian Patent 1,234,149 (equivalent to EP
143,179) describes the treatment of acetic acid or

30 acetic anhydride at 50 to 200°C, preferably 80 to 140°C,
with hydrogen in the presence of a Group VIII noble
metal such as ruthenium, osmium, iridium or, preferably
rhodium, palladium or platinum finely distributed on a
silica or alumina support. This treatment is said to

35 reduce the iodine content, present as alkyl or aryl -
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| odi des yag ogen iodi de or phosphoniumiodide salts, tprTAKeSHAY €,
e.g., <20 ppb, levels. The residence tine is 0.2 to 6 hours and treatnent

is carried out at a pressure of 0.5 to 10 bars. The catalyst is preferably

5 separ at e

d by filtration and is discarded when its capacity is

exhausted. A conparative exanple reveals that iodine renoval is not
accept abl e when hydrogen is omtted. Canadi an Patent 1,279, 655 (equival ent

to EP LO 217,182) discloses an inprovenent to the process disclosed in CA
1, 234, 149 which invol ves the addition of carbon nonoxide to the gaseous

feed to overc
car bon nonoxi
efficient iod
t he catal yst

when the stre

am bei reated 20 . contains acetic.anhydridg) occurs.
was foun thats?l?a?#ge‘%a%yf, TR AT Jd%%axé%?‘éla BeR c:¥$on nonoxi de
t hen t he fornatapacilty ti=ssxhansivedl. bypreshparxative dexanplei revealls The use
{EHH rggﬁg t - | | t
eg aE e var )Féeﬁ'?ét Zaﬁ:cep ?élgglﬂ?n J?%%dv ér??%pes. The

of a heteroge
processes cit

first is the
concern ‘as the cat atamddisn Poeeniterl, 2ve 65 hpatpi Pealdnt tterepre, in the

FEi D i onen A ibrs B i o diReSTe br clent i n

t he stream t o disckasaddn 1A sl 234 St Wit involves | the tadditide ofstem

above-descri b
avoi d si@g- r

and its cost.

obed Fdesramidishytifegen ighide ot yphosphomiahsiod bdef salice

Uy FELELYRbIEctd Nl Y R0 TERSCSIERLIL] Votile Ioesidanig! v, and

ine re en requires That T erati ng

above presents at least two signi
Rit¥Ad s he noble netal catalysts. This is of particular

carbon monoxide to the gaseous feed to overcome a
serious defect. Apparently, in the absence of added
carbon monoxide, catalyst activity'decreases'relatively
rapidly, and efficient iodine removal then requires that
the operating temperature of the catalyst bed be
increased. At these increased temperatures excessive

by-product formation (acetaldehyde;'acetié“acid and

3

ethylidene diacetate when the stream being treated
contains acetic anhydride) occurs. It was found that if
the gas fed to the treating bed contains carbon monoxide
then the formation of these reduced byproducts could be
minimized. ' '

The use of a heterogeneous noble metal catalyst
according to the known processes cited above presents at
least two significant disadvantages. The first is the
cost of the noble metal catalysts. This is of
particular concern as the catalyst is discarded when
exhausted. Furthermore, in the above—described process,

"in order to maintain catalyst abtivity and avoid side—

- reactions, both hydrogen and carbon monoxide must be

present in the stream to be treated. This increases
both the complexity of the system gnd'its cost.

U.S. Patent 4,664,753 discloses a method for iodine
removal from acetic acid, acetic anhydride and‘or

I _ I tenperature of
Helmeels Rr2ER P heursand tre t EfpRaEriedsouk ak st ve
by- product forgPdddiird asete] slety dEn B j C Tite eatal pibyis dsrerai-aspy at e
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‘U.S. Patent 4,664,753 discloses a nethod for iodine 35 removal from
acetic aGgygosa4edgi C anhydride and/ or 5- et hyI i dene di aceicghfosibdseans at
.atmmmaﬂue 20t02&leuJ The difs¢ ires a two
“conponent system consisting of . (i) 'p.oéﬂﬂrﬁw* HAREEN dhd (ii) zinc or

conpounds of zi nclhis Be dor R cé&ﬁIGW?JDTreahnent with this
t wo- conponent syst by dlstlllatlon ThESE chenical traps
m ght be placed in m and cont isnuwousl'y circul ated through a

reboil er. Contact (reS|dence) tlnes of 15 to 120 m nutes are required and
conti nuous replenishnent is 10 possi bl e. The process proposed in U S.

Pat ent 4, 664, 758thyillidene distehatelstreamsocapra stemperature @HAREMo system
whi ch degrades ykplct i ”@he':&iééﬁé %%eéﬁ@d@éi&iﬁéé 4 OB LdipdrEnt eacti on

of the chem cal traps or organj c 1 odi ne-containing
speci es may not sﬁﬁtEPaﬁPEs%ﬁt%H% ‘é%n(ﬂ-l i 3rRhQFPRIRE Y APLIRG aN4 ¢ her nor e,
prol onged resi deig¢ efinecbrveompsnndsnds ind)ecoppet cadilvepsorn the

T eboil er t he _di | at Lon f 0

EP- A- 13508% di sSFgééQn Bﬁﬁ{éég#gr"’%éga ¥‘Q%‘$I?_ aé%é%é% %Wll\/%t i ves
from car bonyl at foﬂ;lpwedubstlﬂ‘hblbabm:s dl‘h%$©s@nbmn=£b s o8k dk=eeds
for an extendedﬁ&aeeap%' stésamteoéwmh&has&oﬁalﬁdi&:ﬁf%ﬁtéa

phosphi ne or eterocyclic aromatic_amn ne. reactlon:Product S
then distilled FBrPBﬁBvE reRo1LeF ne %?n?ﬁ%tdg?%’a‘??‘%‘ée) Fripes ot 35 tPat ent
4,029, 553 descr ibesménptaeseasef peqiiiweduand i contrumis assplenishnent is
contalnlngovery QLE? p@mounts of iodine by fractionation in a single 30

col unn t o™ 0bt ai Roacati ¢ acid containing 20 parts or |ess of iodine per
billion parts aci d afhe progess sPrepP3eR fin¥i$e Ratent. 441664 t5Dperati on

of the process, y¥¢i¥zes a chemical trap comprising a two~component
system which degrades with time. Furthermore, the
materials formed by the reaction of the chemical traps

15 with iodine or organic iodine—containing species may not
be stable to the conditions of prolonged use.
Furthermore, prolonged residence of active components of
the chemical traps in the reboiler of the distillation
train likely would result in fouling.

20 Finally, U.S. Patent 4,029,553 describes a process
for the purification of acetic acid containing very
minor amounts of iodine by fractionation in a single
column to obtain acetic acid containing 20 parts or less
of iodine per billion part: acid as a liquid sidedraw

25 from the column. In the operation of the process, very
minor amounts of propionic acid and high-boiling
impurities are withdrawn from the base of the column
while removing a vapor from the top of the column and
condensing and returning 90% or more of the overhead

30 = take—off to the upper section of the column. The iodine
content of the crude acetic acid subjected to the |
purification process of U.S. Patent 4,029,553 is in the
parts per billion (ppb) range, e.g., 210 ppb I and 30
pPpb methyl ic;ide.

35



m nor anounts of propionic acid and high-boiling inpurities are w thdrawn

fron1thq”8§§§ﬁﬁg the colum 35 while renmoving a vapor fﬁéf@%iﬁ? QP of
e o

t he col umm -5a- condensing and returning 90% or’ nore ver head
take-of f to the upper section of the columm. The iodine content of the
crude acetic acid subjected to the purification process of U S. Patent
4,029,553 is inthe 5 parts per billion (ppb) range, e.g. 210 ppb |-
and 30 ppb nethyl i odide. WO 95/32938_ o _

PCT/ US95/ 05525 -6- The present invention provides a process for the
reduction in the iodine content of an acetyl product stream conprising (|)

acgtlc aci f' or acet Imeaaﬂ—sdé.@'dnte i&ﬁ@r(tlll Itpidmaesorae ov\dhaysﬁ tor the
i odi ne- cont ai ni_n oun m xt.ur reo i.ch _caonprises the
Sreps of - (1) TRAMRHIER N2 he fodink, fanedt, o B8 et e B ower
section of a dlsﬂnelalnataomp axsliunqm (dontagiertiiey axigh ok tagata.tcerardiydzd:qgrl si ng
kel , th
| ron, nicke a % ri%ﬁa' dr>6ﬂé‘%rre &reafl%d]i@le—cog@a ‘?{gﬁ!dﬁ%&c&ﬁ& e

distillation c anount aceth aci e vapor
fromthe Sop ofX I"Pe“@éﬂt&‘l’ﬁ'ﬁ tgeir)eo(;,m%c FOMPT 1§es, thg @%sd%‘-r anhydri de

liquid fromt he(maS(feéfdihbem mtyan@z(dd\:c)t stieal toehe milddle idd ed

SFS’E : FI ét5| on col um; "\%?O;geﬁ %%r R %rep&g;?'&%%@%r %&gﬁgﬁ%@ﬁ%%ﬁt ai ns
| ess-than 200 ppb |@@nkdnahmamheiadnanmpmiqimg'ﬁt@@.amdckclacmwpner or

anhydri de renmoved f Ramathie ydmﬁhbgbgtlggdpolunn cohstitutes 80 20 . or

nore wei ght percent of the amount of
qo P (2) removing from the Alséillation column (i) a minor

amount of acetic acid or anhydride vapor from the
top of the column; (ii) a minor amount of acetic
acid or anhydride liquid from the base of the
column; and (iii) a major amount of purified acetic
15 : acid or anhydride from the upper section of the
distillation column; wherein the purified acetic
acid or anhydride contains less than 200 ppb iodine
and the amount of purified acetic acid or anhydride
: removed from the distillation column constitutes 80
20 or more weight percent of the amount of the acetic
acid product stream fed to the distillation column.
The process of this invention represents an improvement
over the existing art as it (1) avoids the use of
expensive noble-metal catalysts and (2) operates at
15 moderate temperatures thus providing both an economic
advantage as well as being compatible with the presence
- of acetic anhydride in the stream being treated. During
the operation of the ahové—described'process, the
passage of the iodine—containing species through the
:0 above—described packing.material'is believed to result
in an iodine metal reaction, i.e., a reaction between
the iodine-containing species and the ifon, nickel
and/or copper of the packing material. ..
The crude, iodinc—containihg, acetyl product stream
5 normally is obtained from a carbonylation production



acid product streamfed to the distillation colum. The process of this

I nvent i onweeyAsR/RNt S an i nprovenent over the existing art apctisdshssaVoi ds
t he use of expensive noble-netal catalysts and (2) operates at 25

oder at e t enperatures thus providing both an econonic advantage as wel | as
bei ng conpatible wth the presence of acetic anhydride in the stream being
treated. During the operation of the above-described process, the passage
of the iodine-containing species through the 30 above-descri bed packi ng
material is believed to result in an iodine/netal reaction, i.e., a
reaction between the iodine-containing species and the iron, nickel and/or
copper of the papietum WwHerdial mebhanul)ddimettiyle ethergi methylaaceyate

product Stream g, ouf Yalily dohiHl Ae'ebriteled CALROMUAERORRATHE! | on

WO 95/ 32938
system wher ei n rigt b lprefenaendf & IEoUMMITY metadat @lemensalmdodine

i odi de i's contacisdlap tdh GRIdAGHRe Wu‘i‘ﬁ iahd! h%pQ&%%U.Q.? Obn2 @&ou@rw I

netal, elenmental iodine and/or an iod |ne co nd optl allé e or
more 5 p? onptRKAWAReTs QF, Ry imary ratady, t?g’l" 1Ze¥fa | #5Lo8Fne in
the carbonyl ati thmrmssess ﬁmdsamnwaﬁmmmnmssf leadso® n_:mh ne speci es,
depending in par ls ed.i.a the
particul ar cat aléys SyS e%tgs}’a % natu%(rg'rl?%l %p\gsyel%g ”%%p%g.dﬂ@ 18 gaH]_

i odi ne- cont ai ni MPaMPihe (vMariows madexdiades shighpryi Hgi dacladed ipethel or
et hyl i odide; arpa%ﬁ&cum& dﬁﬁ:&iy&t dy(?i@hﬁ@e'&mmtggﬁ?lg?ﬁls@% aggé?lngn a
motal sucttEe T S A-JHT T ARHE LEdes” BAYC ORPT AR, BA A ot o ¢ an
i odi de salt of ewodﬂdem|3493,ahhamwdecaam&hyﬂeuaﬁlduchaasaswdlumﬂlﬂebhlun1
pot assi um bery' im ’%ﬁ%é&ﬂe,o&zﬁ%ﬁéﬁmm%&d@ Kylodindocar BRstlerhady d:
e.g., nmethyl io cetate or
ammonlum or phosphonlum iodide; an iodide salt of a
transition metal such as rhodium, iron, chromium, _
15 nickel, molybdenum, etc.; an iodide salt of an alkali or
‘alkaline earth metal such as sodium, lithium, potassium,
beryllium, magnesium, or calcium; an alkyl
iodocarboxylic acid, e.g., methyl iodoacetate; or an
iodoalkyl carboxylate, e.g., iodomethyl acetate. Unless
20 stated otherwise, all references herein to "iodine"

include all forms of iodine such as elemental iodine and
the iodide compounds mentioned above. _
' The iodine content of the crude acetic acid product

stream may be as high as 250 ppm but normally will be in

25 the range of 500 ppb to 10 ppm. Usually the iodine
removal process of the invention will reduce the iodine
content of the refined carboxyl product stream to less
than 200 ppb, preferably to less than 100 ppb, and most
preferably to less than 20 ppb. The present process is

30 particularly useful for reducing the iodine content of
crude acetyl product streams which conta... one or more
aryl iodides, e.g., iodobenzene, resulting from the
presence of an aryl or aromatic. compound, such as a

_ triarylphosphine, in the aceti. acid or anhydride
35 manufacturing process. The crude acetyl stream may



i odoal kyl carboxyl ate, e.g., iodonethyl acetate. Unless 20 stated

ot her W @) 9shésgr €f erences herein to "iodine" include all petaBoissidi Ne
such as el enmental iodine and the iodide conmpounds nentioned above. The

i odi ne content of the crude acetic acid product stream may be as high as
250 ppm but normally will be in 25 t he range of 500 ppb to 10 ppm

Usual ly the iodine renoval process of the invention will reduce the iodine
content of the refined carboxyl product streamto |ess than 200 ppb,
preferably to |l ess than 100 ppb, and nn§tspFéferany to less than 20 ppb.
The present process is 30 particularly useful for reducing the iodine

content of crugds, |o ﬁ,téy &{;%&tﬁﬁ%@é”f ﬁééhﬂa {Ib&PHéaiﬁ‘ Ohé P&rﬁméf é‘ﬁé"

i odi des, e.g., nzene e presence of an ary

aromati ¢ conmpRndNOEe ATyl Pdidesy| Yehe, they %?@%eﬁ%”%)—d or

anhydri de 35 pro®ess a@éwrwma@e@s%uc&iﬁmm ﬁGﬂtWé féd DR fbom WO
95/ 32938 CT/ US95/ 05525 e ntain from

900 ppb to 4 ﬁﬁ%??%ﬁl#ﬁ?????kﬁ?ﬁ?ﬂ?&%ﬁ %ﬁﬁ?cﬁa¥ﬁﬁ%§é?§?c?%ﬁﬁ%e§ Mever,
the iodi re rencacibonylation (pro¢esses dis ing catslyst |gystemse i odine from

acetyl streamuagsildifg SRR | OHD B WESSCEoRHID Gompounal AL N

processes using cat systens’ conprising rhodium one or nore iodine
conpounds and %e’m%’fe rﬁ%m‘b?%t%‘%"sh ArRrHR@L mgtalsalts and ang

qugt ernary amﬁlml ; tepReryp W@Iuml r&ﬁ@mmh i G nesmpdynds he deggee of ]

I Odl ne renova epe art ECO entsya ine in the
crude acetyl ? rfi]z‘f'reé}ﬁ%ﬁﬁeet%f e % % v%:‘: e?%'#ﬁ%m Bhi ch may
be achi eMed bwame, e tie t¢pngrnization Qmeiqﬂmnxmm:wm negetyl (
characteri zed gpindiot ¥er &AHC C M | %&fdé#&é'eof Nj $dMEn & CRdnbva] oduct

streamfed 15 fq the process rel ative to he concentration of iodine
in the refinedhich iRaR B arhigysdihndhs (R)fb ?t‘%"?ﬁ%%%s%f the val ue
of (1)/(2) mapieseént tirvention may be characterized by (1) the

concentration of iodine in the acetyl product stream fed
.5 to the process relative to (2) the concentration of
iodine in the refined acetic acid or anhydride produced
by the process. - The value of (1)./(2) may be in the
range of 150 to 500 but more typlcally will be in the
range of 200 to 300. ' :
<0 . Other materials (in addltlon to those mentloned
above) which may be present in very low concentratlons
in the crude acetyl product stream used as the feedstock
in the process of this invention include methanol,
methyl acetate, dimethyl ether,'mefhyl iodide, water
23 ‘(when the acetyl stream does not contain acetic
' anhydride), and/or other materials endogenous”to the
catalytic carbonylation processes'or decbmpoSition
products of such materials. Normally, the acetic acid
_ or anhydride will constitute at least 95 welght percent
31 preferably at least 98 weight percent, of the crude
' acetyl product stream.

The temperature and pressure within the
distillation column may vary considerably. Normal
pressure of operation are from approximately atmospherlc

3{ " pressure (1 bar absolute) up to 5 bar absolute although



tange of 150 to 500 but nore typi cally will be in the range of 200 to 300.

20 wo ks materials (in addition to those menti onedpglpwsesosshs ch nay
He present in very |low concentrations in the crude acetyl product stream

‘used as the feedstock in the. process of this invention include. nethanol,

met hyl acetate, dinethyl ether, nethyl iodide, water 25 (when the acetyl
stream does not contain acetic anhydride), and/or other materials
endogenous to the catal ytic carbonyl ati ofr precesses or deconposition
products of such materials. Nornmally, the acetic acid or anhydride wll

constitute at |east 95 wei ght percent, 30 preferably at |east 98 wei ght
percent, of theSEhyEROSRRARAC RERARUTES MaynberipiRiaxed 4L desitedagssur e

within the di stwéinta@nsxmémd@ghemrd prasseisnivell Nor @dcegscaFuse Of

t f
Deorut ey o’ P é%#%ﬁ%aﬁémﬁo i) p¥heersBS® W Splekatda ac
PCT/ US95/ 05525 a jpressuaresitivin cths aange ofivdy e ehanophsolutgesi red as
vell as superat nosphigd Ctéiiﬁ‘éx%&ﬁse WPt i) the So1diin hdial1ih@ill be

distillation col um refer oper at ed ressure thin the range
of 1 to 3 bar 2PEHyesnR the f1ing Fﬁﬂe"’lte al'd’t% %%laﬁ%é’rcol um
normal [y will lm-xmmmm bélmd)cpdmrﬁ.qmlat e tpnesmnta ofadihé @olamimydri de

bei ng purified (O :H[TT! :Iter{g,er r i-ch a
satisfactory boﬁ} up rg%e 'S ac |eved"ﬁ£l suc pressure bq#i %Pe%ea\r@r&ed 10
pressures, the i®laghieved atemighmnessyner oAt the pnaferned n t he range

of L1om afgr oX| piidutirdd)® i |ddXii0 Bl cduifbrithir  petitiednylGidl tae

pressure enpl oyed to hi gh as é??%’l'e”] Pr ef er %,, e Iurm base

tenperature wi %% thin 5&% °ml'r‘?é’ﬂfr°é?’é'?ark€& e:ﬁr’ﬁe 3¢ 15

wi thin the distof |tte cm::cmlan'nmﬁt)eixﬂ::ab tat M prgssure tdmployed to as
high as 205°C. Preferably, the column base temperature
will not exceed 163°C. The preferred temperature ranges

15 within the distillation column are 110 to 130°C for the

purification of acetic acid and 120 to 140°C for the
purification of acetic anhydride.

The essential components of the iodine-scavenging,

Packing material utilized in the purification process of

20 the present invention comprises iron, nickel, copper or
an alloy of one or more thereof. Iron typically is
employed in the form of steel such as carbon steels,
Bethanized steel, stainless steels, e.g., 300 and 400
series stainless steels and other iron—containing

25 alloys. Carbon steels and 304 stainless steel generally
are not preferred since they undergo relatively rapid
corrosion and degradation, particularly in an acetic
acid environment. Nickel may be used in the form of
packing material constructed of substantially pure

30 nickel or of nickel-containing alloys such as Hastelloy
C nickel alloy. Similarly, copper may be used in
substantially pure form or as a component of an alloy
such as Monel copper-nickel alloy. It is apparent that
the iodine-scavenging, packing materials may inc'ude, in

35 addition to iron, nickel and-or copper, other metals



purification of acetic acid and 120 to 140[err] for the purification of

acetic ¥Gyslidose- The essential conponents of the iodine- S5

packing material utilized in the purification process of 20 t he present ‘
i nvention conprises iron, nickel, copper or an alloy of one or nore

thereof. lron typically is enployed in the formof steel such as carbon
steels, Bethanized steel, stainless steels, e.g., 300 and 400 series

stainless steels and ot her iron-contai ngo26  alloys. Carbon steels and
304 stainless steel generally are not preferred since they undergo
relatively rapid corrosion and degradation, particularly in an acetic acid'
envi ronnent . NFeRR| agpghpeniumd nolybdengnm epbaltki ngnganeseal construct ed

of substanti al £ ¥t#yién30tungSték CAn@roR  vahad fhm COSMAGAL POpPbseNE $HCH as
Hastel | oy C nickel . al . Simlarl copper _may.be used.in substantially
pure form or égeﬁa%dﬁ%ﬁ%ﬁﬁt g%“%ﬁ %}} sﬁ£ﬁ°é%aXmﬁ%?tiﬁBpEFDHFckel al | oy.
It is apparentaménamts heei@d} nep scavedgveighbopercentaotrother neyenentsde,
05 3503 30 ' 6F Cbipblflls & de UfhinkPPREL 1R M TERG Sike. 1D
as chronium nPsERLHYIM ixemealRickehRRRser ¢opRer will ueenstitube/ ot
vanadi um comMmDéas e’ €6 aféidht Fértert | OF SthSUsdcRingyhatesfalpy contain
m nor anounts, e.g. up.tgilo_meiggnqéﬁwcentrof ot he _elefents gr or
conpounds such as af@f HRAIRTECAVEDGING \ PRCRING \PIHRF 131 PrRferablye
and/ or copper i%|c¢omstucted cofit31eastaigless gikeqlk; crickel, t beppexkong :
"Lt o AZESPE R Pund il bR BLEPELY, 5 el Lo
Packi ng nat er i @nEEFacteR 1% APRYTRICKRLIRILNS 0yR: T e MONRbRILGYI Oy, s
a particul arl yi@refparerew ek e - dferited 0i 6@l - stavénging | hoversa e,
conpri sed of 59\1&19 a%?l_é’?s' gah:}'e pgén%azr']{sed of 50 to 80 weight percent
‘nickel and 50 to 20 weight percent copper. The copper—
.5 nickel alloys may contain up to-10aweignt percent of one
or more of the additional metals or compounds mentioned
above. '
The iodine-scavenging, packing material is utilized
in the form of shaped articles, e.g., knitted wire mesh,
0 rings, and saddles, commonly used as packing materials
in commercial distillation operations. Generally, the
surface area of the iodine-scavenging packing material
is at least 1 meter square per liter. '
The volume of the metal, iodine-scavenging, packing
25 material required to purify a given amount of acetic
acid or anhydride can'vary significantly depending on a
number of variables such as the iodine content of the
acetyl product stream to be purified, the iodine
concentration desired in the purified acetic acid or
3) anhydride and the surface area of ‘the iodine-scavenging
material. To achieve a significant reduction in the
iodine concentration of the crude acetyl stream fed to
the distillation column, the ligquid hourly space
velocity (LHSV), i.e., the unit volume of acetyl feed
3! per unit volume of iodine-scavenging packing material



‘ni ckel and 50 to 20 wei ght percent copper. The copper- 15 ni ckel all oys
may cont atvip 9832938 10 wei ght percent of one or nore of the garintsosnsdasnet al s
:0r conmpounds nentioned above. The iodine-scavenging, packing material is
utilized in the formof shaped articles, e.g., knitted wire nesh, 20

rings, and saddl es, commonly used as packing materials in conmerci al
distillation operations. Generally, the surface area of the

i odi ne-scavengi ng packing material is at-l e@ast- 1 neter square per liter.
The vol une of the netal, iodine-scavenging, packing 25 mat eri al required
to purify a given anDunt of acetic acid or anhydride can vary significantly
~ depending on a RevHdOUsT, wsvaddlyeshoudd aott mxceedi RBOconTenachievaeaacet yl

product streamifad%aﬁwaﬂ'&heq°da%% b%ﬂb&ﬁt?QQESHtB?thoﬁaéﬁétrSE 59, the
purified acetic acid qr 30 %n §hﬁe surface a
3]

i odi ne- scavengi fy 9rat &R 1 ?@“ﬁ&ﬁ'@?epg ngﬁﬂtnPEBﬁiiYOﬁLPﬁlgth
i odi ne concentram<rme0&ambe ofudeoatet $00s5t preffekablyyoihhthdi saAhgkadfon

col um, Ilqwdé Qgpr%* space velocity (LHSV), i.e., the unit volune of
acetyl fee 35 unlt vol ume of i odine-scavengin acking materi al
WO 95/ 32938 In the operation of the process ¢ opresent - 11 -

per hour, usual |jnveniloh nQheeé%%%§15QQldTBréaﬁbEVQtﬁeéﬂdEStb@n uPikoeane

concentratlon by, a f ctor rom 1l
or i 1y Shoul i e e the Jadiel o5 L6%850s8RELPE, 88 b Bﬁs{%il?ghae of 5
200 to 300. In tmaummemwmtaundhgthhepmatais dbdihe—pcavengingvmatenialt he

acetyl ac'% progy:ETQ&ﬁﬁﬁgbﬁ UE%oQHEEfE%thﬁ &39 Lg #ﬁﬁaﬁhgﬁ'f r8h hoOVer

section of a di at i on contal ni n I ne-scavengi ng
material . 10 Rﬂﬁ1§é§ﬁté°@dﬁ6hﬁﬂﬁéﬁé938PF@ﬁﬁFﬁa?uﬁh ast Ehakddeseribed

purification/ dellydtaisi,opakentcds 0395898  PRredecstrblfid are removed

from the distillation column: (i) a minor amount of a
vapor comprising acetic acid or anhydride and low

15 boilers such as water, methy: iodide, methanol, methyl
acetate, benzene, toluene and the like from the top of
the column; (ii) a minor amount of a liquid comprising
acetic acid or anhydride and iodine and-ror iodine
compounds from the base of the column; and (iii) a major

20 amount of purified acetic acid or anhydride from the
side of the upper section of the distillation column
(sidedraw stream). Normally, the sidedraw stream of
purified acetic acid or anhydride constitutes at least
80, preferably at least 90, weight percent of the acetyl

25 product stream fed to the column. Thus, the total of -
the overhead vapor stream and the underflow 11quid
stream is less than 20, preferably less than 10, weight

'percent of the acetic acid fed to the column.  Most of

the iodine contained in the crude acetyl stream fed to

30 the distillation column is removed, possibly as one or
more metal iodide salts, in the liquid which is removed
from the base of the column. '

The iodine removal process of the present invention
35 is further illustrated by the following examples. The



in US. Patent 4,039,395. Three streans are renoved fromthe distillation

col um: b hs/go3g NOr anmount of a vapor conprising acetic aq;'ddmgggs,gﬁg) dride
and | ow fg ﬂwg%ilers such as water, nethyl iodide, nethanol, net yF

acetate, benzene, toluene and the |like fromthe top of the colum; (ii) a
m nor anount of a liquid conprising acetic acid or anhydride and i odine
and/ or iodi ne conpounds fromthe base of the columm; and (iii) a major 20
anount of purified acetic acid or anhydeigg f£romthe side of the upper
section of the distillation colum (sidedraw stream. Normally, the

si dedraw stream of purified acetic acid or anhydride constitutes at |east
80, preferabl yiodiheason®@iningoatebiccaridohseficincthgl egdmplegrwasct

stream fed to Lk | Hau : of et \; eam and
t he underfIOMI%?gﬁﬁgégtr aﬁg?sé?gé§ﬁ¥%§%féﬁ,65rg?%?%ﬁ?ggfggsagﬁgﬁﬁé%,
wei ght percentaRd Bmethyteiedide; infthepresence| afn2 fAt21¥St: R¥steli ne

contai ned in t&em fﬂdﬁn@cstGfoﬁﬁrvﬁnlfﬁé?ip 2Rd tribﬁeﬂ?;tbhbﬁp?pﬂepglaﬂn ]
is renmoved, possibly as.on r e ts .the |iqui ic
S rennve% frdiﬁ?ﬂé ﬂé%% B$f€%33§o$ﬁgﬁﬁgT%%8€%%iﬂéf#e§%5%$1%$ocess of the
present inventcomt8tned seméuicdobenzene:rated by the follow ng exanpl es.

The WD 95/ 32938 rhe qistillation column employed in theFéiahpPas 6525 -
12 - iodine-contaiHan_acetfc aci din th% é&a | es was produced by the

car bonyl at i on %ﬁ“%iﬁ*?@u?%*B?Vﬂ§+ﬂa§§ff%ﬁﬂnﬁﬁ%ﬁ?9tP dPHelTiMERe presence of
a catal yst sysdtametep; i $ilveredy ovachit+jacketedndglaseheoyimpsosphone. 5
The di StED| a1 BT ehHERR cfphebot ATk ediioned cuflh &h gladbPEe TOPOPeCNe
di fferent | enghéatiig Imantle Waseconnecteder b, ovdenun{ihckedédinghass
colums.  To 1Qectidnlot! tRé adsEffled! AsinNUaPRREEEL] NgRRs8! 861 6K,
(2)'a feed plate, (3) a 30 inch section of the describead
l1—-inch diameter, glass column, (4) a feed plate, (5) a 6
15 inch section of the described 1-inch diameter) glass -
column, and (6) a vapor take—off head. The feed plate
sections and the vapor take—off head were equipped with
thermometers. Column section (1) contained 36 inches,
‘column section (3) contains 30 inches, and column

.0 section 5 contains 6 inches, of Goodloe metal packing in
the form ¢f 1 inch diameter by 3 inches knitted wire
mesh. ' ' '

Crude acetic acid was fed to feed plate (2) and
refined acetic acid is removed from the side of the
<5 column at feed plate (4). A small vapor stream was
removed overhead through the vapor take-off head to
remove trace amounts of low boiling impurities. A
- ligquid stream was underflowed from the base to remove
metal iodide salts and high boilers. ThefdistillationS'
3 involved in Examples 1-24 wherein iodine was removed
from crude acetic acid were carried out at atmospheric
pressﬁres and at temperatures=ranging from 120°C in the
base flask to a vapor take—off temperature of 116°C.
The distillation:offExampie-25=wherein-iodine was
33 removed from crude acetic anhydride was carried out at



heating mantl e was connected, in order, (1) a 36 inch section of the

descri beqyég'ﬁ, gdiameter, glass colum, (2) a feed plate, pclysdsgddad NCh
section of the described 1-inch dianeter, glass colum, (4) a feed plate,

(5) a 6 L5 i nch section of the described 1-inch dianeter, glass colum,
and (6) a vapor take-off head. The feed plate sections and the vapor

t ake-of f head were equi pped with thernonmeters. Columm section (1) contained
36 inches, colum sectiqgn (3) contains 36 ggches, and col umm 20 section
5 contains 6 inches, of CGoodl oe netal packing in the formof 1 inch

di ameter by 3 inches knitted wire nesh. Crude acetic acid was fed to feed
plate (2) and r &tmespherdic prassuresandrstcempenatures; yanginghfron

colum at feed Rl (dWocc AnSThlkl P¥8ROEF18EKERD WovapbrD¥8ReneENead
t hrough the vapor take-off head to.remqpve trace anmounts of | ow boiling

d
inpurities. A |itGHRETATIEEORa8PeNEerPPo%ed from the base to renove neta
| odi de salts and hi giTheoidcatic atiid tembvebdattiromstBe topi andl bettom of

Exanpl es 1-24 %%e'dlhét‘i‘i'ﬂ%i‘%s cﬁm}segay Qg‘a%%ﬁ get 6eas! Qo&“fﬁs by
carried out” at atnospheric pressurés and at teirperatures rangi ng 1rom
120[err] in the¥%xey Enadysis {sensdtiveksooff ppanpeding) e o%h§16[err]. The
distillation of gudfiled 4ideaeas Bcetdcnacyas idSanalgaBdcdot §8uEHEdE .
acetic anhydrid s carried ou%{at VE)25/32938. . _

PCT/ USo5/ 05525 SopTent, iy, done FhEoBRLCIEABNY  §SBRSLEIRE, 5P 8sPPRngi ng f rom
about 140[err] iiodime)has@incaslioddne pzpsentalis- thé foxpeofit ure of about
130[err]. e a ' s g psapd t he
Goetillw e coﬁg’tr‘ri#%\?g‘%eg’ﬁaﬁ%g\e‘%qf beeRELRA bghich 899%%‘;8%%%‘;9 s
(sensitive to 5anadyisdg.nepmeTRE Shei sRER1SEILSr Eheaprrifligd) §1ASdEaY| yzed

for iodine cont ariethi: a@idchrenpregianbrd( tenebhveett end0is@bbenzene to
iodine compound(s) which are detected by ion chroma—
tography. The analyses reported in Exaﬁples 19-21 did
i5 not include such a pretreatment and thus any iodobenzene
present is not included in the iodine concentration
reported in those examples. Metal analyses are done by
ICP.
The crude acetic acid employed in the examples
20 typically consists of 99+ weight percent acetic acid.
Total iodine content of the crude acetic is determined
by X-ray and-or ion chromatography analyses.

~ In Examples 1-18, the Goodloe metal packing
25 employed was a knitted wire mesh of an alloy consisting
of 33 weight percent copper and 67 weight percent
nickel. This material is a commercial packing material
available as MONEL Metal Goodloe packing.

30 EXAMPLE 1 :

A total of 7074 mL of acetic acid containing 4 ppm
total iodine was fed at a rate of 200 mL per hour to the
above described glass distillation column which
contained 1.83 meters (72 inches) of the copper—nickel

35 packing material. The total amount of vapor removed



i odine). Since iodine present in the formof 10 | odobenzene i s not
detecte ' chromat ography anal ysis, sonme of the sanp
purifiegug¥§%§$%w1acetic-acid are pretreated to convert t §§?§%%%§%%ene to
i odi ne conpound(s) which are detected by ion chroma- tography. The anal yses
reported in Exanples 19-21 did 15 not include such a pretreatnent and

t hus any iodobenzene present is not included in the iodine concentration
reported in those exanples. Metal anal ysepq ate done by | CP. The crude
acetic acid enployed in the exanpl es 20 typically consists of 99+ wei ght
percent acetic acid. Total iodine content of the crude acetic is determ ned
by X-ray and/ ®dvéxheahreonstituted 4qweikght |pextenty| et thd Ssrude CGoodl oe

metal packl NG ddetic APIPYRE R Sodiitd 1ih i dds Bidh 8 Gy o€ ONS! StINg

of 33 wei ght percent coegﬁr a wei ght’ S material is
a commerci al pER&i tREMatARUNt aR/faiJr’aEB'P%da‘%&MYﬂ fxam the RA%R dhckr®g. 30
EXANfPLE 1 At cdollumi odivst idutdd oo ive gt pard aimd.idm ﬂa’élgdémlid?é al iodine
was fe ar 0 0 o] O desgrld be

distHIei%on C %ﬁﬁ§d§$¥%q%%ﬁ??Fﬂé?&ﬁ%&ﬁ%ﬁi%fﬁ*ﬁ%29’cﬁéissghéfiﬁ

copper - ni ckel B¥lide maMisg Rhersidedrahstrran ehmuibied aretienoved

WD 95/ 32938  acid contained less than 10 ppb iodindCl/ US95/005525 - 14 -
overhead constituted 4.0 wei ght percent of ‘the crude acetic acid fed and

contained | ess than 5 ppmiodine. The total anount of liquid renoved from
the base of tIBXXMBLENR constituted 0.9 wei ght percent of the crude 5

ol dedr an bt roam of U koS ik o e BE ALAREH Spnll o
EXAMPLE 2 total iodine was fed at a rate of 200 mL per hour to the
distillation column as described in Example 1. The
total amount of vapor removed overhead constituted 4.7
weight percent of the crude acetic acid fed and
.5 _contained less than 5 ppm iodine. . The total amount of"
liquid removed from the base of the column constituted
4.2 weight percent of the crude acetic acid fed and
contained 77 ppm iodine as metal iodide salts. The
sidecr-aw stream of purified acetic acid contained less
20 than 10 ppb iodine. o ' '

EXRMPLE 3 : -
A total of 3104 mL of acetic acid containing 3 ppm
total iodine was fed at a rate of 200 mL per hour to the
25 distillation column as described in Example 1. The
total amount of vapor removed overhead constituted 5.2
weight percent of the crude acetic acid fed and |
contained less than 5 ppm iodine. The total amount of
liquid removed from the base of the column constituted
3t 3.8 weight percent of the crude acetic acid fed and
contained 41 ppm iodine as metal iodide salts. The
sidedraw stream of purified acetic acid contained less
than 10 ppb iodine.

B



10 A total of 3142 nL of acetic acid containing 4 ppmtotal iodine
was fed afyodsizassg of 200 nL per hour to the distillation cQdymisodfssas
gdescribed in Exanple 1. The total ampunt of vapor renoved over head
constituted 4.7 weight percent of the crude acetic acid fed and 15
contained less than 5 ppmiodine. The total anmount of liquid renmoved from
the base of the column constituted 4.2 weight percent of the crude acetic
acid fed and contained 77 ppmiodi ne as felal—i odide salts. The sidedraw
stream of purified acetic acid contained |less 20 than 10 ppb i odine.
EXAMPLE 3 A total of 3104 nL of acetic acid containing 3 ppmtotal iodine
was fed at a raEEAMBLEQ4 m per hour to the 25 distillation colum as

descgi t)efl idn5E>2<arrpI eﬁltotih]eofoiz%oaﬁnuﬁf oéeuwpacia:rwwhmm&maq:pm |
nt,ain

Cess than s pprtboarnsodThe Pheared Bt EFeF Eh fof bt 0 L il o

the col um cons@istidliaBbon celsmnecaghdeperibed i Example de. adﬁhec aci d

fed and cogtai nededl Qﬂﬂhhﬁdbfevgﬁoﬁefé‘ﬁoi@&“d@eﬂ?ééé dﬁ&ﬁ@@&ﬁ ayy $tream
of purified aceti aC|d contained | ess than 10 |pd|ne WO 95/ 32938

PCT/ US95/ 05525 ¥Weight pemgenk af Athe;Srude 3eebiciacyd 4edand g |
containing 6 pp&bhﬁaahedonieés mnfsdppxh Podphe. Of TROCtotapeamdnint 46 t he

distillation co . of

vapor renoved O\Eiggﬁé glg%g e%nﬁag?égh%f pt]éi?%eé lm?ﬁ <Ihe c‘?{%cetlc
acid fed and cohtalWGGGhﬁsBerﬁant5°§phh¢o@tﬂﬂﬁ aeetiotagidinfrditand | i quid
removed faem t hgoReaened é’ﬁ%ﬁﬁ' 1ERikeN8s | het £l dodid®i sliePer opd of the

crude acetic aci ¢ _fed and ont a d. 67 | od] pe as tal Jj-odide
salts. The sgdegraw stream o puriET;d acggn1 aclélcontégaed less
than 10 ppb iodine.
EXAMPLE S :
15 A total of 3515 mL of acetic acid containing 5 ppm

total iodine was fed at a rate of 200 mL per hour to the
' distillation column as described in Example 1. The
total amount of vapor removed overhead constituted 2.8
-weight percent of the crude acetic acid fed and
20 - contained less than 5 ppm iodine. The total amount of
liquid removed from the base of the column constituted
4.7 weight percent of the crude acetic acid fed and
contained 30 ppm iodine as metal iodide salts. The
sidedraw stream of purified acetic acid contained less
25 than 10 ppb iodine.

EXAMPLE 6 _ o
A total of 3570 mL of acetic acid containing 7 ppm

total iodine was fed at a rate of 200 mL per hour to the
30 distillation column as described in Example 1. The

total amount of vapor removed overhead constituted 2.7

weight percent of the crude acetic acid fed and

contained less than 5 ppm iodine. The total amount of

liquid removed from the base of the column constituted
35 5.7 weight percent of the crude acetic acid fed and



~sidedraw stream of purified acetic acid contained | ess than 10 ppb i odine.
EXAVPLE A total of 3515 nL of acetic acid cop ppm
total io iér%?”vegs fed at a rate of 200 nL per hour to the di stl?%ts?son
columm as described in Exanple 1. The total amount of vapor renoved
overhead constituted 2.8 weight percent of the crude acetic acid fed and. 20
contained less than 5 ppmiodine. The total anmount of |[iquid renoved from
the base of the colum constituted 4.7 _wgigght percent of the crude acetic
acid fed and contained 30 ppmiodine as netal iodide salts. The si dedraw
stream of purified acetic acid contained | ess 25 than 10 ppb- i odi ne.
EXAMPLE 6 A t ciotitadinedb 80 pproficdigld @sidietaQoiiodideGadtenm tiieal iodine

s Ted ot o Lol AP W i e 2 L Lo oo g o

constituted 2ipdimeght percent of the crude acetic acid fed and cont ai ned

| ess than 5 ppmiodine. The total amount of liquid renoved fromthe base of
the colunn constituted 35 - 5.7 weight percent of the crude acetic acid
fed and ' '

PCT/ US95/ 05525 - 16 totail sifnade3lmipefi adietd caacid dontadininge 3 Tpi)m The

si dedraw Streqalh RukCwad® Fo” R0 AR Ye'Shol hP ke HU e the

EXAMPLE 7 A tota aC| containing ppm
was fed at a das&mﬂamnmoémgar dagcrﬁ@% dn Exampde dol ufheas

described in kxaan ambunth®f! YaploraFaicveal owmreaae@afg@h%\(i&][éag%d 5
I C acCl ed an

COnen) ol o2 ebART BLRGAr B SBE PR agR i AR e
© contained less than 5 ppm iodine. The total amount of
ligquid removed from the base of the column constituted
3.5 weight percent of the crude acetic acid fed and
contained 53 ppm iodine as metal iodide salts. The
15 sidedraw stream of purified acetic acid contained less

than 10 ppb iodine.

EXAMPLE 8 )
A total of 1533 mL of acetic acid contaihing 5. ppm
2) total iodine was fed at a rate of 200 mL per hour to the
glass distillation column described above except that
the copper—-nickel packing material between the feed
plate and the sidedraw plate was*reduced'frdm 76.2 cm
| (30 inches) to 38.1 cm (15 inches). The total amount of
2! . vapor removed overhead constituted 3.9 weight pefcent of
the crude acetic acid fed and contained less than 5 ppm
jodine. The total amount of liquid removed from the
base of the column constituted 6.2 weight percent of the
crude acetic acid fed and contained 35 ppm iodine as
3C metal iodide salts. The sidedraw stream of purlfled
acetic acid contained 40 ppb iodlne.

EXAMPLE 9 _
. ~ A total of 1666 mlL of acetic acid containing 5 ppm
35 total iodine was fed at a rate of 200 mL per hour to the



[iquid renmoved fromthe base of the colum constituted 3.5 wei ght percent
of the cryygasaseygi ¢ acid fed and contained 53 ppmiodi ne aspdipbgyspsfdi de
salts. The 15 si dedraw stream of purified acetic acid contal ned less
than 10 ppb iodine. EXAMPLE 8 A total of 1533 niL of acetic acid containing
5 ppm 20 total iodine was fed at a rate of 200 nL per hour to the gl ass
distillation colum described above except that the copper-nickel packing
materi al between the feed plate and the si @@draw pl ate was reduced from
76.2 c¢cm (30 inches) to 38.1 cm (15 inches). The total amount of 25

vapor renoved overhead constituted 3.9 weight percent of the crude acetic
“acid fed and coftifitiddatden cednnn aEFPrednge toTkbe: Braredhtanands Yithui d
renoved from t heHeawmodiffildation descedbed Exanple. 8.weThbt tptaleamnoahtt he

0 : . . ang T canoul
colte “The. s ah JBbel TeutleR G50 ALaRl Ko R6rER 20 welkhi pblflfe
i odi ne. EXAMPLESE Ahepcamdes acesdcnpcdf fed: mndaspatadnedi Apsg thannbss

total iodi e Wapphfdoing. 2ihelitotd@ Eholft BEUNikAilheemovd® PRLRZ2ERE
PCT/ US95/ 05525 - 17 -

diistillation columm according to the procedure and
Wi th the modi fi bAsePRIsBe oMMy SABRE L8uEeRo o | HP1aRGURETGRNEaRh: the
renoved over headtradiesacettied azid fedghndpeoatatineli 8Beppmudedinet as aci d
fed and contain S p I Qq| T a ; liquid
renoved fron1thgﬂﬁggéﬁgﬁng%ééggﬁﬁﬁn Qg%sgg?%§§5w5E?r%g#ghfagggggﬁgaof t he
crude acetic aciafetds asddc eonkringd3§6pprbi dedineas netal iodide salts.
The si dedrngw stream of purified acetic acid contained 66 ppb iodine. 10

EXAMPLE 10
EXAMPLE 10
A total of 1648 mL of acetic acid containing 10 ppm

total iodine was fed at a rate of 200 mL per hour to the
- glass distillation column described above except that
15 the 38.1 cm (15 inches) of the copper-nickel packing
material removed in Example 8 was replaced with 50.8 cm
(20 inches) of Penn State packing material fabricated of
Hastelloy C nickel-base alloy. The Penn State packing
is in the form of metal ribbon 0.24 inches long having
20 100 tiny, protruded holes per square inch. The total
amount of vapor removed overhead constituted 2.1 weight
percent of the crude acetic acid fed and contained less
than 5 ppm iodine. The total amount of liquid removed
from the base of the column constituted 5.8 weight
25 percent of the crude acetic acid fed and contained 58
ppm iodine as metal iodide salts. The sidedraw stream
of purified acetic acid contained 38 ppb iodine.
EXAMPLE 11 :
30 - A total of 1651 mL of acetic acid containing 3 ppm
' total iodine was fed at a rate of 200 mL per hour to the
distillation column according to the procedure and with
the modification described Example 10. The total amount
of vapor rem~ved overhead constituted 2.4 weight percent
35 of the crude acetic acid fed and contained less than 5



A total of 1648 nL of acetic acid containing 10 ppmtotal iodine was fed at
a rate Qiodogg. per hour to the glass distillation col umpcq g,h above
except that 15 the 38.1 cm (15 inches) of the copper-nicke

material renoved in Exanple 8 was replaced with 50.8 cm (20 |nches) of Penn
State packing material fabricated of Hastelloy C nickel-base alloy. The
Penn State packing is in the formof netal ribbon 0.24 inches |ong having
20 100 tiny, protruded hol es per squar¥s i-ach. The total anmount of vapor
removed overhead constituted 2.1 wei ght percent of the crude acetic acid

fed and contained |less than 5 ppmiodine. The total anmount of liquid
removed from (R Heding. t The dakal anennt afedigngidwetepaved fromehent of

Sarts. ”d$hgcet“c?§s@?‘d O e RNd WaIhe paudie O
salts. Si M/S i i
i odi ne. e ReeHig at?(f}‘dlec'ﬁuﬂi %@&%’tﬁa‘ia d RRSH taiaﬁ %é)ppm t ot al

I odi ne vvas f echesttala ircstidlenfsadds .nl They sicdledraw (dtrefimstof Ipurmerbl um

accordi ng to thearocedy e 3ad 3y fd]overﬁ’eaﬂé diddiGadJ on described Exanple 10.

The total anmount  of vapor renove constituted 2.4 weight percent
35 of the crude acetic acid fed and contained | ess than 5 WO 95/ 32938
PCT/ US95/ 0552% m i odi ne. - The total anount. of liquid renoved from

t he base of the colu ns d t. percent of_ the crude acetic
acid fed and cont aﬁgﬂl’%‘a &fm];%g r'é‘ gg\%ﬁc%iqo containing X RpR, oy
stream of puritioted Sodinecetisc fad atcenx@tedREqh ki EEmaodlEXAPitthed 2 A

t ot al f 624 f { ,
otal o dﬂsﬁlﬁgﬂﬁi e ! O%RQ{yﬁgjﬂﬁé;ﬁﬁﬁ?%ﬁﬂfqﬁééﬂg?g dﬂ%g eyl 2L 2

rate of 200 ni per hour, to the o t he
procedur e and Bhe modif igadiion seserihes: Exanple Af o The tofial @aRguntanount (

of vapor renpEd vagr eRthoves IdvietnR@Ad3 constiighit e 1 .eNiveight percent
of the crude acetic acid fed and contained less than 5
' ppm iodine. The total amount of liquid removed from the
:5 base of the column constituted 1.9 weight percent of the
‘crude acetic acid fed and contained 72 ppm iodine as
metal iodide salts. The sidedraw stream of purified
acetic acid contained less than 10 ppb iodine.

2) EXAMPLE 13
A total of 1638 mL of acetic acid containing 6 ppm

total iodine was fed at a rate of 200 mL per hour to the
glass distillation column described above and employed
in'Exaﬁple 1 except that the 0.91 meters (36 inches) of

25 copper-nickel packing material below the feed plate was
replaced with 0.91 meters of Penn State packing material
fabricated of Hastelloy C alloy. The total amount of
vapor removed overhead constituted 3.6 weight percent of
the crude acetic acid fed and contained less than 5 ppm

3¢ iodine. - The total amount of liquid removed from the
base of the column constituted 3.6 weight percent of the
crude acetic acid fed and contained 8 ppm iodine as
metal iodide salts.  The sidedraw stream of purified
acetic acid containe”® 18 ppb iodine. : :

¥



of the crude acetic acid fed and contained less than 5 ppmiodine. The

total anmgyglog/sesgi qui d renoved fromthe 15 base of the PTHSds/05525
constituted 1.9 weight percent of the crude acetic acid fed and contai ned

72 ppmiodine as netal iodide salts. The sidedraw stream of purified acetic
acid contained |less than 10 ppb iodine. 20 EXAMPLE 13 A total of 1638 niL
of acetic acid containing 6 ppmtotal iodine was fed at a rate of 200 nL
per hour to the glass distillation coluna gescri bed above and enployed in
Exanpl e 1 except that the 0.91 neters (36 inches) of 25 copper - ni ckel
packi ng material below the feed plate was replaced with 0.91 neters of Penn
St at e packi ng nEXAMPLE fidbri cated of Hastelloy C alloy. The total armount  of

vapor renoved overhegdtﬁgggt bEU5.8903mﬁ &g'ﬂ@&ti?érééﬂi 8$n£5'§n 3&@

acid fed and cont ai ned Ss t I odi ne he tota ann
l'i qui d' r enmoved FPEﬂ#tHQdBQSeWBF frd EBIﬁnﬁaEBngfl?ﬁ?éﬂLSP%rwk?ﬁﬁt %éﬁ@%nt
of the crude acatistiadtatdibndcaldmaoateon@iing ponthedpreceduret ahdiwiknle

sal ts. | The gol deqpgvnsht $30h2oR abLEREnaE hkEnp Tl i 50N ML Hodt DBRaLSE N

35 WD 95/ 329
10 - EXAVPLE 140f vapar 5emoged avevheadccounstitutednt «f weighb percent al

lodine was fed gl EhéaE:EuHE Zeetma Qéidhféa aﬁdtasneafﬁéalfésgntﬁeﬁtsm
according to the cggure and ng tfleélon des rlbed Exanpl e
13. The total ukP PevapEPerEﬂE§%daBQE?ﬁe% tEemeved sty gthe
percent of the basdeoaceheCcamuﬂnfednatﬂtubedasnedwéﬁgmtpem&mpmf|tmhne
The total 6nnunEﬁ§aelEggigirggg&egeérggatggnggfg %qgﬁg gqgétltuted

5.0 welghg perce crude acell C aci alned 11 ppm
i odi ne as netalmﬁﬁéldéogaﬂessaiﬁé-3|Ebﬂré#ﬁ%@#@ﬁn$%#eQMr¢f|E%r1fled

acetic acid contained 50 ppb iocdine.
EXAMPLE 15
A total of 1713 mlL of acetic acid containing 3 ppm
15 total iodine was fed at a rate of 200 mL per hour to the
distillation column according to the procedure and with
the modification described Example 13. The total amount
of vapor removed overhead constituted 3.9 weight percent
of the crude acetic acid fed and contained less than §
20 ppm iodine. The total amount of liquid removed from the
base of the column constituted 5.0 weight percent of the
crude acetic acid fed and contained 39 ppm iodine as
metal iodide salts. The sidedraw stream of purified
acetic acid contained 26 ppb iodine. .
25 '
EXAMPLE 16
A total of 1590 mL of acetic acid containing 3 ppm
total iodine was fed at a rate of 200 mlL per hour to the
glass distillation column described above and employed
30 in Example 13 except that the 0.91 meters (36 inches) of
Hastelloy C Penn State packing material was replaced
with (1) 15.2 cm (6 inches) of the copper-nickel packing
material employed in the preceding examples below the
feed plate and (2) 76.2 cm (3C inches) of Goodloe
35 packing material fabricated from Hastelloy C alloy below



acetic acid contained 50 ppb iodine. EXAMPLE 15 A total of 1713 nlL of

acetic aghds 5%3§a| ning 3 ppm 15 total iodine was fed atP@rlﬁ@sﬁsﬁg 200 nL
per hour to the distillation colum according to the procedure and with t he

nodi fication described Exanple 13. The total anpbunt of vapor renoved
overhead constituted 3.9 weight percent of the crude acetic acid fed and
contained | ess than 5 20 ppmiodine. The total amount of |iquid renoved
fromthe base of the colum constituted-® wei ght percent of the crude
acetic acid fed and contained 39 ppmiodine as netal iodide salts. The

si dedraw stream of purified acetic acid contained 26 ppb iodine. 25 EXAMPLE
16 A total of @52 cfm axttihe axdppewnidke hpaching tmaterialli nefhas f ed

at a rate of eagﬁt agﬁaurh%ft &e ﬂﬁéﬁe&"&&éiﬁ é’éd%&&%é’@s&r bed

above and enpl oy: I n Exa exc i 91 neters (36
i nches) of Ha{¢ighly ReYRSRE Rt %éﬁ#&% %I%i’%?aﬁc’«%sf%p?%ed with (1)

15.2 cm (6 lnCd‘lﬂ‘ﬁﬁaiﬁed MEes® pfiedn 6 Gk m:i«él.g MHertota Enaheoyet on the

o o - ELR o I 4 o4 X ﬁé&éﬁ%ﬁﬂf@?

WO 95/ 32938 5.0 weight percent of the crude acetie ofed) SR 20 -

the 15.2 cm ofg 5&@%{,{@ 6fg e_.io@ﬁgéﬂgg ﬁ@éﬁlf&dia@eséﬁgl apgdint  of
ver head constlt

vapor renoved O) ercen of the crude acetic
hor G Ted and. CMISATR) TERSAR (8, BT S ATRE LG IRE 1% SontatRad bf BP5

| i quid renovediddines he base of the col um constituted 5.0 wei ght percent

of the c(yde acetic acid fed and contai ned 28 ppm.i odine as netal iodide

salts. The sidedraw stream of purlfled acetic acid contalned 17 ppb iodine.
EXAMPLE 17

A total of 1648 mL of acetic_acid containing 4 ppm
total iodine was fed at a rate of 200 mL per hour to the
distillation column according to the procedure and with

.5 the modification described Example 16. The total amount
of vapor removed overhead constituted 3.1 weight percent

- of the crude acetic acid fed and contained less than 5

ppm iodine. The total amount of liquid removed from the
base of the coclumn constituted 5.0 weight percent of the

<0 crude acetic acid fed and contained 35 ppm iodine as
metal iodide salts. The sidedraw stream of purified
acetic acid contained less than 10 ppb iodine.

EXAMPLE 18
25 A total of 1613 mL of acetic acid containing 10 ppm

total iodine was fed at a rate of 200 mL per hour to the
distillation column according to the procedure and with
the modification described Example 16. The total amount °
of vapor removed overhead constituted 3.7 weight percent
3) of the crude acetic acid fed and contained less than 5
ppn iodine. The total amount of ligquid removed from the
. base of the column constituted 5.0 weight percent of the
crude acetic acid fed and contained 45 ppm iodine as |
metal iodide salts. The sidedraw strez.. of purified
3. acetic acid contained 40 ppb iodine.



“10 EXAMPLE 17 A total of 1648 niL of acetic acid containing 4 ppmtotal

i odi ne “ﬁﬁo@ﬂﬂﬁﬁh a.rate of 200 nL per hour to the distill gicraiosadsdsm
.according to the procedure and with 15 t he nodification described Exanpl e
16. The total ampunt of vapor renoved overhead constituted 3.1 weight
percent of the crude acetic acid fed and contained | ess than 5 ppm i odi ne.
The total anpunt of |iquid renoved fromthe base of the colum constituted
5.0 wei ght percent of the 20. . crude acet2t acid fed and contai ned 35 ppm
i odine as netal iodide salts: The si dedraw stream of purified acetic acid
contai ned | ess than 10 ppb iodine. EXAMPLE 18 25, A total of 1613 nL
of acetic acid cont aPAFR§ o0 APH henrs ePHJIPRerakioncef skhe gER@ESof 200 ni

per hour to theddb&&llhla%&'.bﬁncSQhﬂﬂ“céﬁﬁQiﬂiﬁQ i0ss hﬂe@éﬁﬁedﬂrﬂméimbNEEh t he
[ enoy

dification d
over head const | HBERd oPAIRRGRPCRAPEcRR Ebial of ERRCF RF eE cRRtTRe Lt F e
and cont ai ned I&hastpankingpmatedlak wiscdeterhinedute bé 10Zunicremsved

fromthe bgse o e}h§ @l um constituted 5.0 wei ght percent of the crude
acetic acid fed and contalned 45 ppmiodine as netal iodide salts. The
si dedraw stream of purlfled 35 acetic acid contained 40 ppb iodine.
WD 95/ 32938 EXAMPLE 19 PCT/ US95/ 05525 - 21 -

?""Eidni{‘efi’go?‘)%i ‘&ENEE%%‘E sRPesintdf fufiBafeipabhiad maberipy gl @ M
corrosion of thesppayednyasanPennaState aechxngneqnstrmmte@zoﬁ1%@bns 5
per year. 15XAMPLEald1bBs! Btae®XPEAl €841 6F 9832 mDAGKI ACetBL Catfd enpl Oyed
was Penn State Egﬁﬁégglﬁgnigrgﬁﬁegoggl 1gd1ne was fed at a rate of 250
mL per hour to the above describec glass distillation
column. The total amount of vapor removed overhead
_ constituted 4.2 weight percent of the crude acetic acid
15 fed and contained less than 5 ppm iodine. The total
amount of liquid removed from the base of the column
constituted 1.2 weight percent of the crude acetic acid
fed and contained 43 ppm iodine as metal iodide salts.
The sidedraw stream of purified acetic acid contained
20 less than 10 ppb iodine. The rate of corrosion of the

304 stainless steel packing material was guite high.

EXAMPLE 20 _
In this experiment the Goodloe metal packing
25 employed was a knitted wire mesh of 316 stainless steel.

A total of 3635 mL of acetic acid containing 27 ppm
total iodine was fed at a rate of 250 mL per hour to the
above described glass distillation column. The total
amount of vapor removed overhead constituted 4.3 weight

30 percent of the crude acetic acid fed and contained 27
ppm iodine. The total amount of liquid removed from the
base of the column constituted 0.6 weight percent of the
.rude acetic acid fed and contained 169 ppm iodine as
metal jodide salts. The sidedraw stream of puriZied

35 acetic acid contained 76-84 ppb iodine.



10 stainless steel. A total of 3832 nL of acetic acid contai ning 17 ppn1-:

total iqgdpugs fed at a rate of 250 nl per hour to the pppxRosisxsd i bed
glass distillation columm. The total anmpunt of vapor renoved over head

constituted 4.2 weight percent of the crude acetic acid 15 fed and
contained less than 5 ppmiodine. The total anmount of liquid renmoved from
the base of the column constituted 1.2 weight percent of the crude acetic
acid fed and contained. 43 ppmiodine as.mptal iodide salts. The sidedraw
stream of purified acetic acid contained 20 | ess than 10 ppb i odi ne.

The rate of corrosion of the 304 stainless steel packing material was quite
hi gh. EXANPLEngung_;5 experi ment the Goodl oe netal packing 25

enpl oyed was a knlt 1 é%;ﬁ S t f 3635 nL
of acetic acid conta| n| ng W}"@é féo I'n ‘mse ) gﬂat(jg éﬁ%o 250 mL

per hour to tﬁe'ldb%\/@himqrbealgl%§@‘mﬂ qume,dalﬁﬁmnchﬁs taft d1€nount
of vapor renp\RdGiVasieat N Tdn Istate PadRiHY alld sed@ldienis)of the crude

acetic acid fed gnd caontai.ne 7 i odi ne. The total anount of l'iquid
eroved i om GRNEIRSDE (TENeR (i, QA FORPeS GRS Hodbent of | he
crude acetic amn:l:tfe@lvamé oeshai n&d tod& ppf |6nﬂmm1asoﬁraa§tmcn¢cdei sal ts.

The si dedraw %@Eﬁ%@@gﬂr Ponftotal iiTld W IFbd AY A Watd BALRPP

i odi ne.

PCT/ US95/ 055255 pexr houxato the alh?%.@%%&%m%@éﬁwmomnd (3)
of the 1-inch oH1amei.c" THE AotalolanBurtoBivagbt G dnties derhdadt ai nl ess

steel Peyn S AU ] Saate (0 o SO Re0 LU o, o oo
cont ai ni ng 4 ;fpadtamﬂalcqrmalmmymdi@tdime.atm 28 lrammmthasf to the |
above describqdogli@S Selicved 20’ the base 6f the column constituted
‘3.1 weight percent of the crude acetic acid fed and
contained 26 ppm iodine as metal iodide salts. The
15 sidedraw stream of purified acetic acid contained less
- than 40 ppb iodine. ' '

EXAMPLE 22
' “In this experiment the Goodloe metal packing
2) employed was a knitted wire mesh of copper. A total of

3671 mL of acetic acid containing 4 ppm total iodine was
fed at a rate of 200 mL per hour to the above described
dglass distillation column. The total amount of vapor
removed overhead constituted 7.9 weight percent of the
25 crude acetic acid fed and contained lees than 5 ppm
~iodine. The total amount of liguid removed from the
base of the column constituted 3.8 weight percent of the
crude acetic acid fed and contained 150 ppm iodine as
metal iodide salts. The sidedraw stream of purlfied
3t acetic acid contained 39 ppb lodlne. )
EXAMPLE 23 .
As in Example 22, the Goodloe metal packing’
employed in this experzment was a knitted wire mesh of
3¢ copper. Furthermore, the distillation apparatus '



“col um. The total anount of vapor renoved overhead 10 constituted 5.1

wei ght p the crude acetic acid fed and contai ned . The
[total anﬁﬁn? 5?)$IQUId renoved fromthe base of the col umm coﬂﬂ? Pg?ed 3.

melght percent of the crude acetic acid fed and contained 26 ppm i odi ne as
metal iodide salts. The 15 si dedraw stream of purified acetic acid
contained | ess than 40 ppb iodine. EXAMPLE 22 In this experinent the
Goodl oe netal packing 20 enpl oyed mas_azgnltted w re mesh of .copper. A
total of 3671 nL of acetic acid containing ppmtotal iodine was fed at a
rate of 200 nL per hour to the above described glass distillation colum.

The total annunBeQEr!BBarhé?é@ﬁ&ﬂo@¥eﬁ9§aﬂo&9£§édtﬂyeéx&hﬁn@@hﬁhﬁh@erCent
of the 25 cruS% ace Cld and t ai ne ee? L g ﬁ% %odlne

The total amountYGiPF q&P eF@ﬁB%@BefFB eSgaEtons (3 QBI% SCoh &R it ut ed
3.8 wei ght percpatkefi wiithcbadénchesi of aGoddlee aoppevrpackingl50 ppm

i odi tal i odi Thesgi ged t
lodine as netal 10 'g Eis £ ;A 49 %ﬁ 6f%éé£fé”&81?p86ﬁ£éfﬂ ﬁ%o%o? Oee ic

acid contalned 39 p |ne

e
netal packiPng e¥ptad ea°§hn9hV§se§ﬁ€r?Feﬂtrﬁbs %fk%$$t%8 BEF hoRE Htorthe
copper. Furtheawo¥e, dbBeribedi glassoaispppiation coldnls/ 3PRS8total

50-1 noh i nt o neAPREEE(BF FAPSECFRBRUES, T4FndRa SBRbELEReRd S VRS e
of Goodl oe coppperpevki af. thet crulecacetio atidifedcand centainedalessig 3
ppm 5 total kgdhng iSQlﬁE a 'i'ﬁ&etB{:afOQmaim@eéf hPﬂ:&ui&’ tdfovePVe

descri bed glass disti|Tati on col um. amo vapor renoved
over head d8nsti £5PBd 934 feegRt EE?CEﬂ%uBP ?ﬂ%sE}EﬂEe%c%t?dw gRtied and

contai-ned | ess percent of the crude acetic acid fed and contained 146
ppm iodine as metal iodide salts. The sidedraw stream
of purified acetic acid contained less than 10 ppb
iodine.

15
EXAMPLE 24
In this experiment, the lower 20 inches of 36 inch
section (1) of the distillation column were filled with
Goodloe Hastelloy C packing and the upper 16 inches were
20 filled with Goodloe nickel packing. Intermediate
section (3) contained 30 inches of Goodloe nickel
packing and upper section 5 was packed with 6 inches of
Goodloe Hastelloy C packing. '
A total of 1694 mL of acetic acid containing 3 ppm
25 total iodine was fed at a rate of 200 mL per hour to the
above described glass distillation column. The total
-amount of vapor removed overhead constituted 3.5 weight
pércent of the crude acetic acid fed and contained lees
than 5 ppm iodine. The total amount of liquid removed
.30 from the base of the column constituted 3.1 weight
percent of the crude acetic acid fed and contained 57
ppm iodine as metal iodide salts. The sidedraw stream
of purified acetic acid contained 10 ppb iodine.



than 5 ppmiodine. The total anmount of liquid renoved 10 fromthe base
of the nstituted 3.4 weight percent of the crudepgﬁﬁj' id fed
and con?gbne 9%26 ppm i odi ne as netal iodide salts. The si rég\?\’/oﬁ?%eam of
purified acetic acid contained | ess than 10 ppb iodine. 15 EXAMPLE 24 In
this experiment, the lower 20 inches of 36 inch section (1) of the
distillation colum were filled with Goodl oe Hastell oy C packing and the
upper 16 inches were 20 filled with_Gegdloe nickel packing.

| nternedi ate section (3) contained 30 inches of Goodl oe nickel packing and
upper section 5 was packed with 6 inches of Goodl oe Hastell oy C packing. A
total of 1694Mic aci d contai ni ng 3 ppm 25 total iodine was fed

at a rate of 200 %%q{ &gﬂ %?% ﬁ:‘ iqld- n
col um. The total am)un 1\7}5‘88 ?aem)ved over consty lég‘uv\sgl ght
percent of thas@dde® é’(ﬂﬂq‘@ dadinefren acahisg r?éﬂlﬁ@’éﬁﬁ-harﬁ E’rqﬁﬂrﬂ\ iQfdi ne.

The EOE al armwuomfmﬂhltdruatdtqtra)\a?ﬂntyahde fddimat;hﬁdgaqeds) ;Inhftdifalurr? g
constitu we|g cent. 0 r i_c_aci cont ai ne

57 ppm i %dl ne 324 %Dgﬁ‘h@tsg fF&ter é"u%% &’S‘é\ﬁ 3:9 %H'ﬁ fied acetic
acid contai ned:.ﬁi:i;iﬁlatm reelumn .CLAhES takadl amourt oﬂDr\mmns Hemoved :
reduction in ¥ EQS!% EPaud sing (i)
acetic acid'o%f%(yadgstlc aﬁ:ﬁlﬁ:ﬁ&ea g{ I odl ne %of;le or m)reélodlne- '
cont ai ni ng coMFeRiEs anhysride u‘?re@ o &om less thans & RPIt eps of :

(1) feeding thedaed.y! M@tﬂwalsramiw off naqmwlz@mvvdd)w@swé on of a

i St ) O SR e Ul chdst s utea RRPWLGHY Fdrlert®BY el
crude acetic anhydride fed and contained less than 5 ppm
iodine as metal iodide salts. The sidedraw stream of
purified acetic anhydride contained 23 ppb iodine.

i5 The invention has been described in detail with
particular reference to preferred embodiments thereof,
but it will be understood that variations and
modifications may be effected within the spirit and
-~ scope of the invention.
22



or an alloy thereof; and 10 (2) renoving fromthe distillation

col um (i ywaiodR205% amount of acetic acid or anhydri de vaporpéf,g@g,dggzdr,t op of
fhe colum; (i |z? m nor anmount of—aeetiect 5===———1 aci d or anhydri

I|qU| d from—Lhe_base of the col unt); TiBEHEET! wsaﬁha'}‘dr] anount of purified
acetic aC|d ﬁ rldefromthetupper rseet¥BR of the distillation colum;

wherein the acedi  Sr=affydrT de cont ai
i odi ne 20 n unt of puri f.J.efl_; acetic acid or anhydri
renmoved fromt n colum constitutes 80 or IMH“M& mlﬁll‘tent
of . the anmount of the acetyl product streamfed to the

25 2. Process according to Caiml WELAINSt he acetyl product stream
conprises (i) ac‘g%lglg ﬁxd or acetic anhydride and (ii) 500 parts per _
billion to 10 parts per mllion iodine in the formof iodine, one or nore

i odi ne- cont ai ni n§- conPreress ofon thersduehionon the bpline ;5?931&%1‘5- of
material conpri sgs §é§t 1 pPré®est Sét@fdam r&sﬂrﬂlswpﬁ) ettt Adidy of

ni ckel and opper anhydride contains |ess than
100. ppb i odPne; H’\e &%‘%’ﬁ’fg% ’b‘ij f’f’?) %‘g’éﬁ'c aolfﬁ Pty R enoved
fromthe distil Iabnbmni;ﬁgmmﬂiounds:cmsta tmiatsnrsd theranf, whiight percent of

t he armount of & aCst e duct streamfed to the distilla
colum. 3. Pro%%ns‘ %1%%0:?’ (}L IO‘Sfl')mr wherein the acetyl 5 pr oduct

stream conprises(}]) feedirgd %I 3gREY Y iBrodRFh sStramm Fo r‘r’é"feb middle or
i odi ne- cont ai ni Ng CoNPEWaE Ssé¢t Boriri ot Luaaiéﬁmtldma:ﬁnﬁm dotitadhisy Wm
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acid vapor fromthe top aih al&oxcthRHEO(aléndiln nor anmount- of acetic acid
liquid fromthe pgage pindPfng from the distillation column (i) a minor

' amount of acetic acid or anhydride vapor from the
top of the column; (ii) a minor amount of acetic

15 acid or ahhydride liquid from the base of the
column; and (iii) a major amount of purified acetic
acid or anhydride from the upper section of the
distillation column; wherein the purified acetic
acid or anhydride contains less than 200 ppb iodine

20 and the amount of purified acetic acid or anhydride
removed from the distillation column constitutes 80
or more weight percent of the amount of the acetyl
product stream fed to the distillation column.

25 2. Process according to Claim 1 for the reduction in
the iodine content of an acetyl product stream )
comprising'(i) acetic acid or acetic anhydride and (ii)
500 parts per billion to 10 parts per million iodine in
the form of iodine, one or more iodine-containing

30 compounds or a mixture thereof, which comprises the
steps of: |
(1)  feeding the acetyl product stream to the middle or

lower section of a distillation column containing a
packing materia; comprising 316 stainless steel,



colum, and (iii) a major anmount of purified acetic acid fromthe upper
section |st|IIatlo&:eabuﬂﬁ;:Lhe:puft%1ed acetic acpgrrRbd | ess
t han 200 pﬁ% |§%|ne andsthiEarmpunBest purified acet?c ac?%ﬁ$%ﬁoved
fromthe distilTation chuﬂn cONBEFiLtAGES 80 df nore weight percent of the
armunt oThlismetﬂeﬂm] m ct—streanted to tre distillation colum. 20

h

: Proc o Caim3 wherein the acetyl m -

corrprl ses mlmm d and (ii) 500 Ranles per bi |l ﬂm mlulmn)mlmer
ion io |ne I'n orm of iodine, one or nore iodife-tontaitirg *
conpounds or a mxture thereof; the packing material conprises 316 25

stai nl ess steel, niadieckelGopppbergr ohanl ladloyf of tliekedndndoppperi;he
purified acetic aci% ontains | ess than 100 ppb iodine; and the anount of
purified acetic acid or anhydride renoved fromthe distillation colum
constitutes 90 (@) nyemondnghfrow &be: distiddagiomcodumeo (i) Ehainea vyl

product stream fed h&ohh% thsabu:abl 82180 MAnhydride’ Kapsy Feem ¢hed to
Claim4 erein the pac ganaterl S csnstructed of a_nickel - 3 %Per
-27-

alloy 35 conpri sit@ egfoumDyt (3 c BnMiRCE| AMONRE
wei ght percent coppac;dan& ahhydritel ligudd  Eariommthies basientofi the at a

tenperature of 110 tQ Lﬁg[eégh égééensrﬂgg &%g&% RS- bﬂrgkqegygdg&ﬁfpln

the purified 5 ace I C ac

95/ 32938 - apdq/ ososnbydrider frem abayppﬁro&e% oy fmthed to the
distillation col urmaiétlnat@aas&oa&ﬁar-dwnarbqndtnerrpar&ﬁeahaowi@ct ion in

5 thejigodine content, of a0 3G8k%e RoAUNGhs® e28 'than 100 ppb iodine
and the amount of purlfled acetic acid or anhydride
removed from the distillation column constitutes 90

- or more weight percent of the amount of the acetyl
product stream fed to the distillation column.

‘3. Process for the reduction in the iodine content of
an acetyl product stream comprising (i) acetic acid and
(ii) iodine, one or more iodine—cohtaining compounds or
a mixture thereof, which comprises the steps of:

20 - (1) feeding the acetyl product stream to the middle or

 lower section of a distillation column containing a
packing material comprising iron, nickel, copper,

- or an alloy thereof and maintained at a temperature
of 110 to 130°C; and

5 (2) removing from the distillation column (i) a minor

amount of acetic acid vapor from the'top'of the
column; (ii) a minor amount of acetic acid liquid
from the base of the column; and (iii) a major
amount of purified acetic acid from the upper

0 : section of the distillation column; wherein the

' purified acetic acid or anhydride contains less
than 200 ppb iodine and the amount of purified
acetic acid removed from the distillation column
constitutes.so'orﬁmdré'wéiéhtfpercent of the amount



tonprising (i) acetic acid and (ii=560=parts=per..billion to 10 parts per

L.~

mllion iwgioaBadsp the formof iodi WéiS Brieronsimeeni bdi ne- coirrRigys/asss
conpounds or a m xture thereof, which Gbitphizks thﬂJSteps of : -10 ?1)
feeding the acetyl product streamto the mmrdare=e=4 0 i

wer section of a
di stillati ofiigs s lag¢dng a ‘packing material conprising 316 stainless
eree oo RN o e oo omet i ™

vapor fromthe top of the colum; (ii) a minor amount of aettc "ci’d Ii quid
fromthe base of the colum; and (iii) a major amount of purified acetic
aci'd fromthe upper 28 the acetydcproduot shreamsfed| toithecol um; wherein

the purified acetic ag%@igggEQB scggﬁﬁnghan 100 ppb iodine and the anount
of purified acetic acid or anhydride renoved fromthe distillation colum

constitutes 90 or nore wei ght percent of the anmount 25 of the
acetyl product 4treaprbedstoatberdingi tbatlaimcs! f61. the refaoctisn iwr the

Lot aci & and g Sodins BbRRend o8 aR Ehuty R RERGhGE KERRLETCRT IO (1)
i odine in the fcoompyisipgi (&) spetic acid andi (bi) cHA0 apartg perpounds or a

m xture thereof piwhiieh Eenﬁbi§8§t§h§e§tﬁﬂilﬂ3h-ié&iné?fﬂiﬁﬂetférﬂCé%y| .
product streamto the mddle or 35 ° . owel section of a distillation
cqunn'containiﬁ&déne' PPeo8r3BeEg iodine—containing compounds or a

PCT/ US95/ 05525 mdxkueg theceosl, whishroomhprisésatheckeepsopper all oy

O dOnes 37 oAb EhRC Ry Brodf ek dup LAl piiafE

renoving from the di 3pWeraseehienl afna(distikiatbion column containing a
packing material comprising 316 stainless steel,
nickel, copper, or an alloy of nickel and copper;
and _

15 '(2) removing from the distillation column (i) a minor
amount of acetic acid vapor from the top of the
column; (ii) a minor amount of acetic acid liquia
from the base of the column; and (iii) a major
amount of purified acetic acid from the upper

20 section of the distillation column; wherein the
purified acetic acid contains less than 100 ppb
iodine and the amount of purified acetic acid or
anhydride removed from the distillation column
constitutes 90 or more weight percent of the amount

25 of the acetyl product stream fed to the
distillation column.

5. Process for the reduction in the iodine content of

an acetyl product stream comprising (i) acetic acid and
30 (ii) 500 parts per billion to 10 parts per million

iodine in the form of iodine, one or more iodine-

containing compounds or a mixture thereof, which

comprises the steps of: ) _

‘1) feeding the acetyl product stream to the middle or
35 lower section of a distillation column containing a



amount of acetic acid vapor fromthe top of the colum; (ii) a ninor anount

of acet @ g/ iquid fromthe base of the colum; and (i pépdodiRksr anount
of purifi eﬁggéciet ic acid froms %he—“fu? 2 A A O g "”\I‘“"% sect i on o?} Eg 2
distillation colunn wher ei n W#ﬁE 85%6{

100 ppb iod €ﬂdt of p ¥ FEE Fl("F‘Tl dri de rermved
fromthe dis CUnst’ltutes 80 or m)re tﬂlHﬂ(“m t he
anount 15 etyl product stgreamfed t

colum. 6. Process according to Claim5 wherein the purlfled acetic acid
contains | ess than 20 ppb iodine; and the 20 anount of purified acetic
acid or anhydride pavkicgy materia dorstiruited ofolaimickelisicdpgers 90 or

mor e wei ght _per centy gioy RN s 5 30°\W1gH Yoty FABLAT iy t he

distillation colum.
50 to 20 welght percent copper and maintained at a

temperature of 110 to 130°C, and

5 (2) removing: from the distillation column (i) a minor
amount of acetic acid vapor from the top of the
column; (ii) a minor amount of acetic acid liquid
from the base of the column; and (iii) a major
amount of purified acetic acid from the upper

.0 section of the distillation column; wherein the
purified acetic acid contains less than 100 ppb
iodine and the amount of purified acetic acid or
anhydride removed from the distillation column
constitutes 80 or more weight percent of the amount

15 of the acetyl product stream fed to the
distillation column. |

6. Process according to Claim 5 wherein the purified
acetic acid contains less than 20 ppb iodine; and the

2)  amount of purified acetic acid or anhydride removed from
the distillation column constitutes 90 or more weight
percent of the amount of the acetyl product stream fed
to the distillation column.

i

«



