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have subsequently appeared in the literature. There is shown in United States Patent No.

25 5,139,981 to Kurland a method for removing iodides from liquid carboxylic acid contaminated
with a halide impurity by contacting the liquid halide contaminant acid with a silver (I)
exchanged macroreticular resin. The halide reacts with the resin bound silver and is removed
from the carboxylic acid stream. The invention in the ‘981 patent more particularly relates to an
improved method for producing the silver exchanged macroreticular resins suitable for use in

30 todide removal from acetic acid.

United States Patent No. 5,227,524 to Jones discloses a process for removing iodides using a
particular silver-exchanged macroreticular strong acid ion exchange resin. The resin has from
about 4 to about 12 percent cross-linking, a surface area in the proton exchanged form of less

35 than 10 m2/g after drying from the water wet state and a surface area of greater than 10m2/g
after drying from a wet state in which the water has been replaced by methanol. The resin has at
least one percent of its active sites converted to the silver form and preferably from about 30 to

about 70 percent of its active sites converted to the silver form.
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to introduce (or fail to remove) a higher level of iodides into the product stream and particularly
more iodides of a higher molecular weight. For example, octyl iodide, decyl iodide and dodeycl

iodides may all be present in the product stream as well as hexadecyl iodide.

30 The prior art resin beds operated as described above do not efficiently and quantitatively remove
higher organic iodides from organic media such as acetic acid or acetic acid streams as required
by certain end uses, particularly the manufacture of vinyl acetate monomer. Accordingly, an
object of the present invention is to provide for the efficient and nearly quantitative removal of
higher organic iodides from an acetic acid and/or acetic anhydride product stream.

35
SUMMARY OF INVENTION
There is provided in a first aspect of the present invention, a method of removing organic iodides

from non-aqueous organic media comprising contacting the organic media with a silver or
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sought to be removed. The upper limit may be about 100° C or up to 150°C provided the resin

selected is stable at these temperatures.

Most typically the resin is a sulfonic acid functionalized resin, wherein from about 25 to about
30 75 percent of the active sites have been converted to the silver form, whereas the product stream,
prior to contacting the resin, has an iodide content of greater than about 100 ppb organic iodide.
After contacting the resin, the stream, which initially had greater than 100 ppb organic iodide,
typically has less than 20 ppb iodide and more desirably has less than about 10 ppb organic
iodide.
35
In some embodiments the stream may, prior to contacting said resin, have an organic iodide
content of greater than about 200 ppb. In such instances the ion exchange resin is operative to
reduce the organic iodide content of the stream to less than about 20 ppb and desirably to less
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Figure 3 is a plot of iodide vs. time in acetic acid eluent after treatment for hexyl iodide and
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25
Figure 4 is a plot of various elution isotherms at 25°C to 100°C for alkyl iodide removal from

acetic acid; and

Figure 5 is a plot of iodide concentration in acetic acid eluent vs. time for commercial samples

30 of material treated at 25°C and in accordance with the present invention.

DETAILED DESCRIPTION
The method of the present invention is suitable for removing iodide compounds from non-

aqueous organic media. Such media may be organic acids, organic acid anhydrides, alcohols,
35 ethers, esters, and the like. Media of particular importance include acetic acid and acetic
anhydride by the term “non-aqueous” it is simply meant that water is not present to any
significant extent, not typically present in an amount significantly past its solubility in the
organic medium being processed. Generally, not present by more than 1%, and typically not
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25 Suitably stable ion exchange resins utilized in connection with the present invention typically are
of the “RSO3H” type classified as “strong acid”, that is, sulfonic acid, cation exchange resins of
the macroreticular (macroporous) type. Particularly suitable ion exchange substrates include
Amberlyst® 15 resin (Rohm and Haas), being particularly suitable for use at elevated
temperatures. Other stable ion exchange substrates such as zeolites may be employed, provided

30 that the material is stable in the organic medium at the conditions of interest, that is, will not
chemically decompose or release silver or mercury into the organic medium in unacceptable
amounts. Zeolite cationic ion exchange substrates are disclosed for example, in United States
Patent No. 5,962,735 to Kulprathipanja et al., the disclosure of which is incorporated herein by
reference.

35
At temperatures greater than about 50°C, the silver or mercury exchanged cationic substrate may
tend to release only small amounts of silver on the order of 500 ppb or less and thus the silver or

mercury exchanged substrate is chemically stable under the conditions of interest. More



30 that the material is stable in the organic nedium at the conditions of
interest, that is, will not chemcally deconpose or rel ease silver or

mer cury iwoo1l/t2ae2 organi ¢ medi um i n unacceptabl e anpounts. PZroBe®2asat i oni C
i on exchange substrates are disclosed for exanple, in United States Patent
No. 5,962,735 to Kul prathipanja et al., the disclosure of which is
|ncorporated herein by reference. 35 At tenperatures greater than about
50C, t Iecfataplyenilver loprs eigrlgssehamahoye d0Qert igif B sumsicaedumepd stilpmpre o

rel eas%ré?@x'akilyﬁ%'tharﬁﬂ%ﬂﬁ@ ppb intd thergMic fb&iuAr, @fve@fos&a@%z@p& Mghil ¢ Bfghand
thus the silver or rcursy. exc ‘R%ed st%bstrat %?I S chg E@gw st apl e under
the coft@Pt FBHIPEF if e BFAEES is K B4 34ib 513 OT FURES 908 SBCLY Y abl y
si | ver ibdidsBDetieed posoredtaine aﬂnbmhyi@ﬁnmld)lé odroplekes ibrgaadted bpbghtmiaagy sti | |
my e %(/g fi& %(? Id qnle S%bécﬂ a?lgr? Btma%g']eﬁ) hemlgxcthgr? e?rfgﬁ'iq'rr?a r&gJ Silver

| 0sses nmay upon''s art g e process I's conduct ed
such thiawnstteamayf esrém@smrwy Bkﬁﬁﬂge @iﬁtﬁr}él @lthﬁlﬁfﬁseﬁtmeﬂﬁoﬁs bel i eved

phot or ggethy@ s @ dhaPBsd R iMenaby Ria§ begaf@ie%ﬁﬁmlafny%mztm@em Ratdong . 1 n any
5 event, if so desired, a bed of catl oni.c erl in tgﬁéune cE:Ean ed form

may be PAItisslaly nagfared FdiauBRtionis togytjlize A bgd o rEEH 9te Ehed BSTFI2 of t he
pr esent‘ghiid &8¢’ Qilasmlio R aptms:@cﬁﬁlgufatfbhes Wr&étﬂ:liﬂly ¢anvemtntonA oycab odatte] aghout

i t I fi

B S0 o St B e s U e maREl i BBl PR AL
i nas rructBsztsr)tAibssdwohlfrmmfrcagarommeélugraxstsmmlb'ar\floylmwf\ﬁéﬂnmdtum Aquaypi hal flow
rate, ﬁﬁ'n 1eH 't'l?eef‘ésﬂ‘i’@;%@ %Ct%d/ ?at@?f 9}3'V$Suttﬁerpﬁle9x%rth%t' aﬁﬂlanhﬁl JfroQ n%)OUt

0.5to vo unes hour
medi umlquldsqqﬂmll & ﬂa: wpmﬁ@ceﬁpwm the @gsifhdeipastes tyopgletheyreiip hed ¢ Bbfbeﬂﬁ r by
the resink Redd. RArdtbow flak eated ark uBMIR frdh @PouT®ab abétal BV i avhkidayaof or gani c

l i quid equal ,to the.volune o the resin bed passes through the
rBsin BECie Q‘éﬂr‘i‘éte ‘Fquef” b%‘glﬁw}(weferred flow rates are usually from

about 6 to about 10 BV/ hr whereas a 15 preferred flowrate is frequently
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foll owng exa s ‘used the procedures
descri bed bel ow. | odi de rem)val was performed usi ng S|Iver exchanged
Anberlyst(r) 15 resin. The resin (100 mM wet) was |oaded into a 22 mm OD
gI ass gol ugg and acetic acid containing iodides was eluted at a flowrate

013, °n. lodide levels in the eluate were neasured every two (2)
hour s. Theffallowiagiefasplas esedehs proectures dekaitizd belowat ledhly ramyva was potfermed

t echni Wiz s VG eﬁ(%&g% M&pﬁ&@ﬂf&%@h gsﬁgve%x deoor?ﬁl%étS’grg?FJaHé!@Ht&Fzz anal ysis

( NAA) l'evel s articul ar species
wer e aldd glass column and acetic acid containing iodides was eluted at a flow rate of 13.3 ml/min.

Iodide levels in the eluate were measured every two (2) hours. Total iodides are measured in the
25 eluate by any suitable technique. One suitable technique is by way of neutron activation

analysis (NAA) as is well known in the art. The iodide levels for particular species were also

measured. A preferred method in this latter respect is gas chromatography utilizing an electron

capture detector.

30 Comparative Examples A and B

Samples of the residue from the drying column of a conventional Monsanto type acetic acid

plant containing 540 ppb total iodide and 238 ppb total iodide were treated at room temperature

using a silver exchanged bed of Amberlyst® 15 (CZ-B) resin and the total iodides in the eluate

were measured as a function of time as shown in Figure 1. As can be seen from Figure 1, total
35 iodide removal was typically less than about 90% and progressively decayed over a ten hour

time period to much lower removal efficiencies.



measured. A preferred nmethod in this latter respect is gas chromatography
utilizing an electron capture detector. 30 Conparative Exanples A and B
Sanpl es aYovhm4eesi due fromthe drying colum of a convenpCDuad/dvRussant o
type acetic acid plant containing 540 ppb total iodide and 238 ppb total
i odide were treated at roomtenperatureg using a silver exchanged bed of
Anberlyst(r) 15 (CZ-B) resin and the total iodides in the eluate were
neasur ddieagrigus ighide icompenents inghefeed pwwhidertifigdgaigclude: As can be seen from
Fi gure 1, total 35 iodide renoval ﬁ@gnnmgﬁ&ally_less t han about 90% and
progressively decayed over a ten houb .tLge period to nmuch | ower renoval
efficiencies. WD 01/72422 PCT/ US01/98%0849¢ The various i odi de conponents
in the feed were identified to2-iodb2daecthyhmbpare i odi de et hyl i odide
2-4 odo- 2- et hyl propane 5 propyl %gghgﬁxlfpupyl_iodide butyl i odide
i odi ne pentyl iodide 10 hexyl iodi octyl iodide decyl iodide dodecyl
i odi de hexadecyl iodide 15 The pPdubriiedidt hi gh nol ecul ar wei ght organic
Egdlde fpnpogintsl|den¥|2;edde{e gﬁ%¥homﬁglge20agdlFodecyl Lodlde. .
nparati ve Exanples o an an npl e ol | owi ng the procedure
outlined above, the tenperature deped8§WEe of the guard bed performance
:a?dnea;ggﬁﬁtfo; rebagive:y.hggg (@ﬁg@hkﬂk%l; gfdorg?n;gciodngEOEP acetic
: s for dodecyl i odide vl iodide a an are
shown in Figure 2. Results indica?% YHgé%ﬁuard bed performance is greatly
enhanced at 100C over 25C, for dodeeyyl ipdide de. Performance inprovenents
include both renoval efficiency andyedggbyide! i fe of the bed.

dodecyl iodide
hexadecyl iodide

The predominant high molecular weight organic iodide components identified were decyl iodide

and dodecyl iodide.

Comparative Examples of C and D and Example 1

20 Following the procedure outlined above, the temperature dependence of the guard bed
performance was measured for relatively high (ppm) levels of organic iodides in acetic acid.
Results for dodecyl! iodide and hexyl iodide at 25°C and 100°C are shown in Figure 2. Results
indicate that guard bed performance is greatly enhanced at 100°C over 25°C, for dodecyl iodide.
Performance improvements include both removal efficiency and useful life of the bed.

25
Comparative Examples E.F

Following the procedure outlined above, the effect of chain branching on guard bed performance
was investigated by comparing removal of hexyl iodide with removal of neopentyl iodide.
Results appear in Figure 3.

30
Examples 2 — 4 and Comparative Examples G and H

Following the procedure outlined above, performance of a silver-exchanged Amberlyst® 15
guard bed was evaluated for removal of dodecyl iodide at 25°C, 50°C, 75°C, and 100°C and for
removal of hexyl iodide at 25°C. Results appear in Figure 4. Here again, it can be seen removal

35 efficiencies and useful capacities of the bed are greatly enhanced at temperatures above about
50°C.



25 Conparative Exanples E, F Follow ng the procedure outlined above, the
ef fect of chain branching on guard bed performance was investigated by
conpari ngvoenmal of hexyl iodide with renoval of neopent pCT/USEI/®08
Results appear in Figure 3. 30 Exanples 2 - 4 and Conparative Exanples G
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perforﬁﬁﬁ%éjat 50C was far superior to reanaI eff|C|enC|es at 25C. I ndeed
the guard bed renpved greater than 99% (nearly quantitative renmoval ) of the
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PCT/ US01/ 09208 9 CLAIMS What is claimed is: 5 1. A nethod of renoving
organi c i odi des from non-aqueous organi c nedia conprising contacting said
oFbanlc media with a silver or mercury exchanged cationic ion exchange



substrate at a tenperature greater than about 50C. 2. The nethod according
to daim1l, wherein said organic nedia contains organic iodide with 10 an
al i phati wva@haizm2i ength of C 10 or greater. 3. The net hod pcTosdi/mgst o C aim
2, wherein said organic media contains organic iodides, at |east 25% by

wei ght of which have an aliphatic chain | ength of C1O or greater. 4. The
nmet hod according to Caim3, wherein at | east about 50% of the organic
iodide in said organic nmedia conprise organic iodides having an aliphatic
chain length of Cl0 or greater. 15 5¢rAlmgsnet hod according to Caim1,
wherein said organic iodides conprise iodides selected fromthe group

consi sting of decyl iodide and dodecyl iodide. 6. The nmethod according to

Cl ai m Syhahieckimedsri d treatnment is effective to renove at | east about 90 %
by. wei ght of the decyl iodide and dodecyl fromthe organic medium 7. The
met hod accor di ng to Claim1, wherein said organic nmedium has from about 10
to about A20ethodof ppivving eraniotidgies fromi pen-equepneagaminmeiz ¢preprisingi | ver or

mer Cur 360%9&5&:%?&3?%9% dta {Nﬂﬂ a sﬁ{‘&hﬁ‘%@c& Q%Ha & cionitén g?érh%ﬁge accordi ng

to Cdaim7 non queous or an a cont ai ns about 20
to abodhbstEEE Hpyempeaie é’&i“@ég‘ang outpe” thod accor ding to daim8, wherein

said t rzeaTH@metmh a@@dﬂiﬁl(gttb i fal, WHeredinfdig ofRelicame AP camthifs SalaficSbdide vidr
rcury e E% cat @bon exchange substrate at a tenperature greater
an ali8dt'P f dVP68R8KEve at | east about 99% of the total

| odi de 3pr Ehcentethod asaordlngao §dninc2, mdgirean sdid organivetidrba caftaing myaniegodidel, des

from aqghi Sy QEn A Siich RARKALif6 CORRE! S AG0r ) oPEGUEAT N9 @ Stream of

acetic aCI acetl Cc an cont ent erein at | east 30

about 20 b e@modapcqrﬁ@géqa §dming3. ivdgrede at least bt SPERfche eigarigedidept said C10
or hig I@ﬁr‘ganﬁf B8dilaCompeisd 8@ gnic G&&ld&%‘/ﬂ@tdn%pﬁﬁl&hﬁnﬁeﬁg}h of U]O @r reater

macr or f Iart tron amg i on exchan resin wherein at qut 1
OB cane of e RstheBapomtioR o S G s oS ot oUaR osmvbriefifelRia: | ver
or ne_rcftmy_thefgromp catsiséing efqiey biodide aofl dadedyéaslideabout 50 C; and 35 (c)

wher ei i Sﬁléjm%tﬂoﬁ%ﬁc&ﬁmggg Eidh ?Wfé\ggﬁ%k@&nﬁﬁ?ﬂ%ﬂ@% iVe&ts iémbve §t ééa%?“ ve to

remove at | eas rcent o ani ¢ 1odides in said product
st r eamabputRePoiby weipl ofth Vl iedigaipd dperey! fr‘llf[l therprgapis tpgsiitaccor di ng t o

d ai m 10, TM@a@moﬁ d§@drdm§tt6 ER/{T 1S vaRred® 8didl rAficn&difiBAAY frdR abblie10MRS Akt
accordl to d ai erein sajd f  contacting said streamwth
S5 a VeOB PR IS PSP R TG same T SO AT R RLRAE G GUBRRAN | cast
about @RcHiange substrate.
8. The method according to Claim 7, wherein said non-aqueous organic media contains from
about 20 to about 750 ppb total 1o0dides.
9. The method according to Claim 8, wherein said treatment of contacting said organic media
25 with said silver or mercury exchanged cationic ion exchange substrate at a temperature greater
than about 50°C is effective to remove at least about 99% of the total iodide present in said
organic media.
10. A method of removing iodides from acetic acid or acetic anhydride comprising:
(a) providing a stream of acetic acid or acetic anhydride with an iodide content wherein at least
30 about 20 percent of the organic iodides in the product stream comprise C10 or higher organic
iodides; '
(b) contacting said stream with a macroreticular, strong acid, ion exchange resin wherein at least
about 1 percent of the active sites of said resin have been converted to the silver or mercury
form, at a temperature of at least about 50° C; and
35 (¢) wherein said silver or mercury exchanged ion exchange resin is effective to remove at least
about 90 percent of said organic iodides in said product stream of acetic acid or acetic anhydride.
11. The method according to Claim 10, wherein said stream is an acetic acid stream.

12. The method according to Claim 10, wherein said step of contacting said stream with said



13. The method according to Caim 10, wherein said step of contacting said
streamwith said resinis at a tenperature of at |east about 70 C. 14. The
nmet hod asvovodinagzto C aim 10, wherein said step of contacPCnySeiaioelsst r eam
with said 5 resinis at a tenperature of at |east about 80 C. 15. The

met hod according to G aim 10, wherein ﬁﬁi d ion exchange resin is a sulfonic
acid functionalized resin. 16. The nethod according to Claim 10, wherein
sai d stesgaimat péroperaorecefint dest abgus@l’d-resi n, has an iodide content of

gr eat er st hgp n@?l%ga&gﬁlr%o@ (951%“‘) GvHeRdh 98id sk of ContdtitgBIN@damcsn shiag to

Claim 16, wherein said ream a ter éont acting said resin, has an organic
i odi de 'e¥hisehf tgnPgragee ofiph feasiabgph’0 The met hod according to Caim 17,

wher ei n4sghg nﬁitlﬁ&ﬁmcoﬁﬂgetb @it a@twmgelﬁamd stepSif Bontha@mganid duedindeitic aaiient  of
| ess than 10 ding to Caim 10, wherein said

streamesbrflsd’ltggﬂn%%ﬁttuﬁ?%e%gg%g 3%8“‘3@5. , has 15 an organic iodide content
of gr edfefTht hathabwaord2@Gtogfhim PQ.whEken net hadexabargedesiy is dsuioaiaacid,
wher ei p, Sai gal%ger\&n}i after contacting said resin, has an iodide content of

| ess t han The net hod accordi ng to Claim 20, wherein said
st ream16afTﬂ1@ﬁneéléﬂﬂf§€Plidﬁ§S i lain E3iwherein §aigd Srearpor i (T eANaHIng stidireds, hahan 10

ppb. Z(aan?dldJélftﬁqtémfohgféa@ﬁmmdlbaa 100 @tgﬁni&odiﬁeerel n said londexchange
resin i si | ver, exc e c e resin. od .accordi ng
5 ol aitth 358 matacsoriee i To e TR0 e o0 poe o v 6P B o5y

sai d |@rgaambamgeomemasflbss\marbmappbconverted to the silver or mercury form
24. Th ccor i jed i xcha, is a
styr endPan i A ROGRE B I Hlobre bRl Sl Ul L ANERTRGER AR T
Claim 1@1ld@/\m@1t@fiﬁa$ thandA pekchange resin is effective to renove at |east
about 95%r@f o PL@EHify to@hite $0,iheP@h daid kir@aM Rfor BE SNt &cting isBidREsiRARET C

anhydr IarclI %rgamc iodide content of greater than about 200 ppb.

20. The method according to Claim 19, wherein said stream, after contacting said resin, has an
iodide content of less than 20 ppb.
21. The method according to Claim 20, wherein said stream, after contacting said resin, has an
iodide content of less than 10 ppb.

20 22. The method according to Claim 10, wherein said ion exchange resin is a silver exchanged
ion exchange resin.
23. The method according to Claim 22, wherein from about 25 to about 75% of the active sites
of said ion exchange resin have been converted to the silver or mercury form.
24. The method according to Claim 10, wherein said ion exchange resin is a styrene/divinyl

25 benzene ion exchange resin.
25. The method according to Claim 10, wherein said ion exchange resin is effective to remove

at least about 95% of the organic iodides in said stream of acetic acid or acetic anhydride.



