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TECHNI CAL FI ELD The present invention relates generally to the renoval of

i odides fromorganic -nedia and nore particularly to the renoval of higher
i odi des, such as dodecyl iodide fromacetic acid and/or aceti @ tabifyHWBi de
manuf actured by utilizing a rhodiumiodi de catal yst system BACKGROUND ART
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percent to as high as 100 percent. Prefcrab]y about 25 percent to about 75 percent of the active

sites were converted to the silver or mercury form and most preferably about 50 percent. There

is disclosed in United States Patent No. 4,615,806 removal of various jodides from acetic acid.
In particular there is shown in the examples removal of methy) iodide, HI, 12 and hexyl iodide.
Various embodiments of the basic invention disclosed in United States Patent No. 4,615,806
have subsequent]y appeared in the literature. There is shown in United States Patent No.
5.139,981 1o Kurland a method for removing jodides from liquid carboxylic acid contaminated
with a halide impurity by contacting the Jiquid 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 1o an
improved method for producing the silver exchanged macroreticular resins sujtable for use in

iodide remova) 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 jon exchange resin. The resin has from
about 4 1o about 12 percent cross-linking, a surface area in the proton exchanged form of less
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after drying from a wet state in which the water has been replaced by methano). The resin has at
Jeast one percent of its active sites converted to the silver form and preferably from about 30 to

about 70 percent of ils active sites converted 0 the silver form.



about 4 to about 12 percent cross-linking, a surface area in the proton
exchanged formof less than 10 n2/g after drying fromthe water wet state
and a surface area of greater than 10n2/g after drying froma wet state in
whi ch the water has been replaced by nethanol. The resin has a 495@61%&1‘ one
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pl ace iagg,g[elg}@h g demands on the purification train. In particular, fewer
recycles and fewer purification steps tend to introduce (or fail to

renove) a higher level of iodides into the product stream and particularly
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of manufacturing steps. In this regard, it is noted that in United States Patent No. 5,416,237 to
Aubigne et al. there is disclosed a single zone distillation process for making acetic acid. Such
process modifications, while desirable in terms of energy costs, tend to place increasing
demands on the purification train. In particular, fewer recycles and fewer purification steps tend
1o 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 jodide, decyl iodide and dodeycl

1odides may all be present in the product stream as we}) as hexadecyl jodide.

The prior art resin beds operated as described above do not efficiently and quantitatively remove
higher organic jodides 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 guantitative removal of

higher organic jodides from an acetic acid and/or acetic anhydride product stream.

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

from non-agueous organic media comprising contacting the organic media with a silver or



The prior art resin beds operated as descri bed above do not efficiently and
quantitatively renove higher organic iodides fromorganic nedia such as
acetic acid or acetic acid streans as required by certain end uses,
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form. The bed is operated at a temperature (that is, the resin js maintained at a temperature) of at
Jeast about 50° C and is operative to remove at Jeast about 90 percent of the organic 1jodides in

the stream of acetic acid or acetic anhydride. Most typically, the method is practiced on an acetic
acid stream. Typical temperatures may include temperatures of at Jeast about 60° C, at least
about 70° C or at Jeast about 80° C depending upon the flow rates and the nature of the iodides
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 ternperatures.

Most typically the resin is a sulfonic acid functionalized resin, wherein from about 25 to about
75 percent of the active sites have been converted to the silver form, whereas the product stream,
prior to contacting the resin, has an jodide content of greater than about 100 ppb organic jodide.
After contacting the resin, the stream, which initially had greater than 100 ppb organic iodide,
typically has Jess than 20 ppb iodide and more desirably has less than about 10 ppb Organic
jiodide.

In some embodiments the stream may, prior 1o contacting said resin, have an organic jodide
content of greater than about 200 ppb. In such instances the jon exchange resin is operative to

reduce the organic iodide content of the stream to Jess than about 20 ppb and desirably to Jess



the stream of acetic acid or acetic anhydride. Mst typically, the nethod
is practiced on an acetic acid stream Typical tenperatures nmay include
tenperatures of at |east about 60 C, at |east about 70 C or ‘at |east about
80 C dependi ng upon the flow rates and the nature of the iodides sgggh@ to
be removed. The upper linit may be about 100 C or up to 150C provl 488" ¢ b
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t he varfiguss:Figures. In the Figures: Figure 1 is a plot of iodide
concentration in treated acetic acid vs_ tinme for commercial sanples of
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Figure 2 is a plot of iodide in acetic acid eluent vs. time for dodecy! ipdide and hexyl] after

rreatment at varjous ternperatures;

Figure 3 is a plot of iodide vs. ime in acetic acid eluent after treatment for hexyl iodide and

neopenty) jodide;

Figure 4 is a plot of varjous elution isotherms at 25°C to 100°C for alkyl iodide remova} from

acetic acid; and

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

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-

agueous organic media. Such media may be organic acids, organic acid anhydrides, alcohols,

ethers, esters, and the like. Media of particular importance include acetic acid and acetic

anhydride by the term “non-agueous” it is sSimply 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



treatnment at various tenperatures; Figure 3 is a plot of iodide vs. tine in
acetic acid eluent after treatnent for hexyl iodide and neopentyl i odide;
Figure 4 is a plot of various elution isothernms at 25C to 100C for al kyl .
i odide renoval from acetic acid; and Figure 5 is a plot of iodide SEP 00k
concentration in acetic acid eluent vs. tinme for commercial sanples of
material treated at 25C and in accordance with the present invention.
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wil] be appreciated by one of skill in the art.

Ion exchange resins or other svitable substrates are typically prepared for use in connection with
the present invention by exchanging anywhere from about 1 1o about 99 percent of the active
sites of the tesin to the silver or mercury form by contacting the resin with a silver or mercury
sa]t; as is taught for example in United States Patent Nos.: 4,615,806; 5,139,981, 5,227,524 the

disclosures of which are hereby incorporated by reference.

Suitably stable jion 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 sujtable ion exchange substrates include
Amberlyst® 15 resin (Rohm and Haas), being particular]y suitable for use at elevated
temnperatures. Other stable jon exchange substrates such as zeolites may be employed, provided
that the material is stable in the organic medium at the conditions of interest, that 1s, will not
chemically decompose or release silver or mercury into the organic medium in unacceptable
amounts. Zeolite cationic jon exchange substrates are disclosed for example, in United States
Patent No. 5,962,735 to Kulprathipanja et al., the disclosure of which is incorporated heremn by

reference.

At temperatures greater than about 50°C, the silver or mercury exchanged cationic substrate may
tend 10 release only small amounts of silver on the order of 500 ppb or Jess and thus the silver or

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



| on exchange resins or other suitable substrates are typically prepared for
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cati oniggefeBt® flodl raidistiRguembxahang®¥/horm may be placed downstream of the
silver or nercury exchange material of the present invention. The process
of the present invention nay be carried out in any suitable configuration.
A par tTreuheerdtoenps btesradersmetibyueisrdnen 1o Sedellayinics@mBleped of particul ate
material (termed herein a "guard bed") inasnuch as this configuration is
particularly convenient. A typical flowrate, such as is used when acetic
acid is to be purified, is fromabout 0.5 to about 20 bed vol unes per hour
(BV/ hr )gxafdigd vol une of organic nmediumis sinply a volunme of the nedium

equal t’ﬁ'}e oﬁowing examples used the procedures described beJow. lodide removal was performed
using silver exchanged Amberlyst® 15 resin. The resin (100 ml wet) was loaded into a 22 mm
OD glass column and acetic acid containing iodides was eluted at a flow rate of 13.3 ml/min.
Todide levels in the eluate were measured every two (2) hours. “Tota) iodides are measured in the
eluate by any suitable technique. One suijtable technique is by way of neutron activation
analysis (NAA) as is wel] known in the art. The iodide Jevels for particular species were also
measured. A preferred method in this latter respect is gas chromatography utilizing an electron

capture detector.

Comparative Examples A and B

Samples of the residue from the drying column of a conventional Meonsanto type acetic acid
plant containing 540 ppb total jodide and 238 ppb total iodide were treated at roomn temperature
using a silver exchanged bed of Amberlyst® 15 (CZ-B) resin and the total jodides in the eluate

were measured as a function of time as shown in Figure 1. As can be seen from Figure 1, total

jodide removal was typically Jess than about 90% and progressively decayed over a ten hour

time period to much lower remova) efficiencies.



vol ume occupied by the resin bed. Aflowrate of 1 BV/hr then neans that a
quantity of organic liquid equal to the volunme occupied by the resin bed
passes through the resin bed in a one hour tinme period. Preferrztrj é@pm)
rates are usually fromabout 6 to about 10 BV/ hr whereas a pref k lbw
rate is frequently about 6 BV/hr. The invention is better understood by
reference to the foll owi ng exanpl es. Exanples The foll ow ng exanpl es used
t he procedures described bel ow. 1odide renoval was perforned wusing silver
exchanged Anberlyst(r) 15 resin. The resin (100 n t) was | oaded into a
22 mm 'ICEIB\glria;ssi@mqnﬂmm@ﬂﬁd@mecfﬁ%i”@edéﬁ‘ﬂ%ﬁeﬁ‘i‘H(j“‘?]ﬁ%‘l des was eluted at a
flowrate of 13.3 nm/mn. 1odide |g¥glypiddiied he el uate were nmeasured every
two (2) hours. Total iodides are neasured.in the eluate by any suitable
techni que. One suitable technique i se“P)X) ‘9\%{93 of neutron activation analysis
(NAA) as is well known in the aptiogdFhenitbdigepdrevel s for particul ar species
were also neasured. A preferred nethod.in.this latter respect is gas

chr omat ogr aphy utilizing an el ect roﬁmpé’%l’é]@ ‘e detector. Conparative

Exanpl es A and B Sanpl es of the res2dugliaddda t he drying colum of a
conventional Monsanto type acetic act;u rliQ{iiﬁE’t cont ai ni ng 540 ppb total

i odi de and 238 ppb total iodide were tteated at roomtenperature using a
sil ver exchanged bed of Anberlyst(r) 18dii€Z-B) resin and the total iodides
inthe eluate were neasured as a fgggﬁgngi&f time as shown in Figure 1. As
can be seen fromFigure 1, total iodide renmoval was typically | ess than
about 90% and progressi vel y decayed '6¥¥io@%en hour tine period to nuch

| oner renoval efficiencies. 2 4 SEP g@@4odide various iodide conponents in
the feed were identified to include: t hyl i odide ethyl iodide

2-i odo- 2-net hyl propane propyl iodiY ’?‘-j%lﬁtyl i odi de “butyl iodide iodine
pentyl i odide dodecyl jodide

hexadecy] iodide

The predominant high molecular weight organic iodide components identified were decy] iodide

and dodecy] 1odide.

Comparatjve Examples of C and D and Example 1

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 dodecy] jodide and hexyl jodide at 25°C and 100°C are shown in Figure 2. Results
indicate that guard bed performance is great]y enhanced at 100°C over 25°C, for dodecy! iodide.

Performance improvements include both removal efficiency and useful Jife of the bed.

Comparative Examples E.F
Following the procedure outlined above, the effect of chan branching on guard bed performance

was investigated by comparih g removal of hexyl jodide with removal of neopenty] 1odide.

Results appear in Figure 3.

Examples 2 — 4 and Comparative Examples G and H

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

efficiencies and usefu capacities of the bed are greatly enhanced at temperatures above about

50°C.




hexyl iodide octyl iodide decy]iodi de dodecyl iodide hexadecyl iodide
The predom nant hi gh nol ecul ar wei ght organi c iodi de conponents identified
were decyl iodide and dodecyl iodide. Conparative Exanples of C an%EEZand

Exanpl e 1 Fol | owi ng the procedure outlined above, the tenperaturelé 004
dependence of the guard bed performance was neasured for relatively high
(ppm levels of organic iodides in acetic acid. Results for dodecyl i odide
and hexyl iodide at 25C and 100C are shewn in Figure 2. Results indicate
that guard bed perfor mance |s greatly enhanced at 100C over 25C, for
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| ndeed the guard bed renoved greater than 99% (nearly quantitative renoval)
of the total iodide at 50C. Wiile the invention has been described in
detail and exenplified; various nodifidations will be readily appgar&fhsio
those of skill in the art. For exanple, one may utilize an ion exchange
resin suited for higher tenperatures in connection with the present

i nvent i on. Whatis clabaied iscat i ons are within the spirit and scope of the
present invention which is defined in the appended clains. 9 24 SEP2004
Wat is cl B.Imﬁﬁtho_ﬂioflem_é‘viﬁgbi’ghﬂicqbdﬂﬂeﬁﬁﬁm%n%%@dm%rgé}% ARgial oftifining
non-aqueowwmgser@gaﬁc fRIHR cOMPHsinEeOntatthe b it bakt dRRl wiRd! des

conpri si NggRANLAH fcﬁ% exth Qgﬁélﬁ%mr.x@hﬂﬁs taul?sttra% t‘ﬁ%mﬁéra{ﬁ% gl%ﬁt%r
exchanged gatk C | on exclrange substrate a tenperaturé gredater than
50C. 2. The neéthod according to claim1l1, wherein said organic nedia
contains o nic i1odide wth an aliphatic chain length of C10 or greater.
3. The mt%ﬁea&%@fﬁ?ﬁﬁg@% ta dum b whran sud ozgame BediasPRI2STZANEONT ai ns
organi c ilgdidgagth analiphatic clrndengthafiGifrorgrealgri ch have an al i phatic chain

| ength of Cl0 or greater. 4. The nmethod according to claim3, wherein at

| east aboud. TheYheafiod weontingivi daiiro2]ivelerein Baid @ ghniy @adih eontaihs dremigr i se
organi ¢ i oddides ahRust23%5By deighb of whichhaidanh SifHalic Chaift1cH2tiP6f OT®at er . 5. The
met hod accgegefng to claim 1, wherein said organic iodides conprise iodides
sel ected fromthe group consisting of decyl iodide and dodecyl iodide. 6.

The net ho ' 1o €l ajm rei.n i r nt..is effective to
renove at %'@%ﬁﬁﬁgﬁcgﬁﬁ gl%enl thvfh?g%nf' %ﬂsgg%%rza%}() HPHAC SN ‘an I odi de
fromthe J iogg%@lcﬁ%co?p%ﬁgrg%ﬁcﬂg d?ﬁ@ﬁ% liphatig chain len, rein said
organi ¢ mediUPh #HE¥C% rom about 10 to about 1000 ppb total iodides prior to
treatment with said silver or nmercury exchanged cationic ion exchange
subst r at e.5. §he iathodeadsording tomlaiimyy wherah sdidofganichedidesicampriseriodidesjueous
or gani ¢ nestleateddmom thergrolp consisbing bf @&yl wdidecnt] dédécyp podideot al i odi des. 9.
The met hod according to claim8, wherein said treatnment of contacting said
organt € 6. The method according to claim 5, wherein said treatment is effective to remove at

least about 90% by weight of the decyl iodide and dodecyl iodide from the organic

medium.

7. The method according to claim 1, wherein said organic medium has from about 10
to about 1000 ppb total iodides prior to treatment with said silver or mercury
exchanged cationic ion exchange substrate.

8. The method according to claim 7, wherein said non-aqueous organic media
contains from about 20 to about 750 ppb total iodides.

9. The method according to claim 8, wherein said treatment of contacting said organic
media 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% by
weight 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 about 20 percent by weight of the organic compounds in the product
stream comprise C10 and 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

(c) wherein said silver or mercury exchanged ion exchange resin is effective to
remove at least about 90 percent by weight of said organic iodides in said product
stream of acetic acid or acetic anhydride.



media with said silver or mercury exchanged cationic ion exchange substrate
at a tenperature greater than about 50C is effective to renove 74t SERgpf
about 99% by weight of the total iodi g@ present in said organic nedia. 10.
A nmet hod of renoving iodides fromacetic acid or acetic anhydride
conprising: (a) providing a streamof acetic acid or acetic anhydride with
an iodide content wherein at |east about 20 percent by weight of the

or gani ¢ cohipJhadsethod dcoerdimgietdim HY, wbereic i stréaen 1S ahQicativadid stéim. Or gani ¢

i odi des; (b) contacting said streamwith a macroreticular, strong acid, ion

exchange rgsithe MiIEicRoming BaHimeRP thljcjrﬁ&ri&& oPéorftﬁh@%ﬁd\éﬁ'eﬁht es of

I d ' : ury-form at a
fg%e:gfhkﬂggﬁg?&ﬁggg@gﬁ %%%ﬂaE%E‘sfd(bc¥te§/%§Feﬁrgai d silver or nercury

exchanged j exchange resin is.effective to, remve at. | east about 90
percentg byi:ﬁgpﬁme%g@ﬁ?ﬁnﬁtﬁafiﬂ“&l ]ioo&‘fh@’@én 3id ?ﬁ?g}) pAARE sadisreaith of aceti c
aci d or acwith gaid Fesinyisiaya tempprature ofppleagi@bout 70Mhe et hod according to claim
10, wherein said streamis an acetic acid stream 12. The nmethod accordi ng
to cl ai m 1Bt Thbereghad aeording toglah Idowhersin said step df ednteting swidtstreami d resin
is at a tewijtlesad vesin igfat aterhmasturexdfatleadi®GoutlCThe et hod according to
claim 10, wherein said step of contacting said stream wth said resinis

at a tenpeyayg %eﬂiodaécc?ﬁﬁ&tto%mﬁﬁtIOZQlﬁﬂﬁirﬁsai(ir e &Bﬁﬁfﬁ%@ &t A inico ¢l aim

10, whereip; 'cﬁfaﬁ ontacting sald stream wthi sard resini1s at a
terrperaturz{él'ld[cs)gi‘ﬂng'gttt1 eges “Bbout 80C. 15. The met hod accor di ng to claim 10,

wherein sajd_jon exchange.resin.is a sulfoni acid functionalized resin.
16. The nglltég S methad eReraing to|clim, 1o Wheeut i StE"éP’czIPEP_?@af‘rﬁmaﬁF‘P%Ealgo

cont act i ngc¥8 kps apdedide Copent of gregter thanabpvtchio Rpb byrweighirorgania iodideut 100 ppb
by wei ght organic iodide. 17. The nethod according to claim 16, wherein

sai d st r ea Th¢ msthodmererdingtg claind 6, whetiein safthstream, eftgraguintactinglsald cont ent  of
| ess t han r2€in/ips an béganidiedidetchnnbefdessdha2q gptcl ai m 17, wherein said
stream after contacting said resin, has an iodide content of |less than 10

ppb. 19. TkeTHBhP&bdaeesdHgN clafnAl7aivibrbth satd@Feaht) afiét GnBicfifg®igPrior to
cont act i NGe§A) iths an jodide content of less than 10 ppb.

19. The method according to claim 10, wherein said stream, prior to contacting said
resin, has an organic iodide content of greater than about 200 ppb by weight.

20. The method according to claim 19, wherein said stream, after contacting said
resin, has an iodide content of less than 20 ppb by weight.

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

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 benzene ion exchange resin.

25. The method according to claim 10, wherein said ion exchange resin is effective to
remove at least about 95% by weight of the organic jodides in said stream of acetic
acid or acetic anhydride,

26. A method of removing organic iodides from acetic acid or acetic anhydride
comprising contacting acetic acid or acetic anhydride containing dodecyl iodide with
a silver or mercury exchanged cationic ion exchange substrate at a temperature of



resin, has an organic iodide content of greater than about 200 ppb by
wei ght. 20. The nethod according to claim 19, wherein said stream after
contacting said resin, has an iodide gpntent of |ess than 20 QP@SEV?WG

wei ght. 21. The nmethod according to claim20, wherein said stream after
contacting said resin, has an iodide content of |ess than 10 ppb by
meight Zdeﬁamhmﬁhﬂgdseqpordlng to claim 10, wherein said ion exchange

resin is a silver exchanged ion exchange re5|n 23. The nmethod accordi ng
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claim10, wherein said ion exchange resin is effective to renove at | east
about 95%%%1%@% doccorfingiogdaimes 7, wiliersirs sdidhstep pficontacsing seid agiskeri ¢ aci d
or acetic aehyantydede 26th saichslveoor mércngraxehanged cgfaomicionaatchiegef rom acet i ¢
aci d or acsbiteateisvaciiedimut aco tamipesiting of anleasttabogt @1 i ¢ aci d or acetic
anhydri de containing dodecyl iodide with a silver or nercury exchanged

cationic ign a}% Blckaifil2 Sawﬁh%fgi}%a% kt%fo?éo?zgtﬁ Q&idSkid gan about
%

50C. 2 4 Salélg g%@gﬁa 3\5@1 9{1 sqﬁ‘gjg&g %M& %I n said step
exchanged SHPRIRISEARE uf aha Fpordyg ) %’w od out at a temperature

of at |east about 60C. 28. The met hod accordi ng to claim 27, wherein said
step of contacting said acid or acetic anhydride with said silver or
mercury exchanged cationic ion exchange substrate is carried out at a
tenmperature of at |east about 70C. 29. The nethod according to cl aim28,
wherein said step of contacting said acid or acetic anhydride with said
silver or nmercury exchanged cationic ion exchange substrate is carried out
at a tenperature of at |east about 80C



