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carbonyl ation of Carbonylation is a process used to manufacture a
variety of commercially important chemicals. Such chemicals
include carboxylic acids, carboxylic acid anhydrides, acetié

~anhydride, propionic acid, and glyoxylic acid. &
particularly important carboxylic acid produced by
carbonylation 'is acetic acid. The chemical industry
manufactures millions of tons of acetic acid each year for
use in the manufécture of a variety of other useful
chemicals such as vinyl acetate and cellulose acetate. For
example, vinyl acetate is the raw material for polyvinyl '
acetate, a thermoplastic used in the manufacture of
adhesives, water based paints and latex paints. Cellulose
acetate is used in the manufacture of a variety of products

. . such as plastic fibers, films and sheets. The following

illustrates the general reaction for the carbonylation.of
methanol with carbon monoxide to form acetic acid:

*  CH 0H + CO ——m———m > CH,~COOH

Carbonylation processes typically employ metal
catalysts such as cobalt, nickel or rhodium in a liquid
reaction medium. For example, in the carbonylation of
methanol to make acetic acid, rhodium is generally employed
as the catalyst by contacting the reactants with rhodium in
the reaction medium. Typically contact is achieved by
dissolving the rhodium in the reaction medium.

! .The reaction medium is generally an organic solution
containing the starting materials and the catalyst. 1In
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synthesis, the active species is believed to be [Rh(CO0),I,]".
In addition, iodide salts, such as sodium iodide, potassium
iodide, or lithium iodide or mixtures thereof, can be added
to the reaction medium as co-promoters or catalyst
stabilizers. The result is a halide-rich reaction mixture.
Although halide promoters and stabilizers such as
methyl iodide and I” salts improve the efficiency and
productivity of carbonylation processes, the continued
presence of halide compounds in the carbonylation reaction
products is undesirable. It is customary that, even after
extensive purification, carbonylation reaction products
typically contain contaminants from the original halide
compounds added to the reaction medium prior to the
carbonylation reaction and new halide compounds generated
during the carbonylation reaction. For example, in the
carbonylation of methanol with carbon monoxide using methyl .
iodide and lithium iodide, the carbonylation reaction
products contain a variety of iodide compounds, including
methyl iodide and hexyl iodide. These halides must be
removed from the carbonylation product. The desired
carbonylation product, such as acetic acid, is often a
starting material in a subsequent process employing a.
halide-sensitive catalyst. For example, about 75% of the
acetic .acid produced is used in the production of vinyl
acetate and cellulose acetate by piocesses using sensitivé,
expensive catalysts containing metals such as gold and
palladium. Since halides, especially iodide compounds,
deactivate or "poison" gold and palladium catalysts,
starting materials that are essentially halide~free are
required. The industry standard for halide contaminants in
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' carbonylation reaction products with reagents that form

iodide salts. For example, many organo-nitrogen, organo-
phosphorous and organo-sulfur species are known to
quaternize, or form ionic salts, with alkyl halides such as
methyl iodide and hexyl iodide. One specific example is the
reaction of trialkyl, or the more stable triaryl, phosphines
with methyi iodide:

Similarly, dialkyl or diaryl sulfides and dialkyl or diaryl
sulfoxides generally react with methyl iodide as follows:



3 acetic acid is 10 parts per billion (ppb) or |less. However, poisoning
effects on precious netal catal.yst are generally cumul ative and
-irrevérsible as in the case of iodide contamination of catalysts for vinyl
acetate production. Consequently, less than 1 ppb halide content is

desi red. The probl ens associated with halide inpurities in organic

| i qui ds have pronpted the search for sgveral solutions for renoving the
impurities. One nethod for renoving halide inpurities is a distillation
process using peracids such as potassi um permangnatRt to fix the iodide
prior to distillation. Qher nethods involve the \use of |iquid-phase
extraction processes mﬁthRnﬁnRhﬁbﬁﬁhFc‘hydrbt%rbdﬁ% such as al kanes and
cycl oal kanes. A nunber of methods are directéxFQC)treating
carbonyl ati on reacti on products mﬁth,reagents‘?ﬁat formiodide salts. For
- exanpl e, many organo-nitrogen, organo- phosphorous and organo-sul fur
speci es are known to quatgrnige, or formionic galtg: with alkyl halides

such as nethyl iodide and Qeyyl iodide. One specififg exanple is the
reaction of trialkyl, or thg norg gigbletiiakyl, gghosphines with nethyl
i odi de: [erf] I\
O O CH,
Heterocyclic and tertiary amines react with'methyi iodide as
follows:
Y 4  CHI =———=—> Y
N N
/ 1Ie
CH,

wherein Y represents the remaining portion of the hetero
molecule.

The resulting salt can be more easily separated from the
solution than the CH,;I itself. The purified carbonylation
product is collected by distillation. However, these
compounds have not demonstrated the level of halide removal
efficiency demanded by the industry.'

One approach to enhancing the halide removal capabiiity
of quaternizing compounds such as alkyl or aryl phosphines
or heterocyclic aromatic nitrogen compounds is described in
U.S. Patent No. 4,664,753, incorporated herein by reference.
The iodide removal approach described involves a homogeneous
system wherein iodide contaminates contained in the
carbonylation reaction products are treated with a
combination of alkyl or aryl phosphines or a heterocyclic
aromatic nitrogen compound and at least one of the metals
copper, silver, zinc or cadmium, or metal salts thereof,
such as copper (II) acetate or silver acetate, to fix the
iodide in a non-volatile form. A second step is required to
remove the iodide from the carbonylation products. 1In the



Simlarly, dialkyl or diaryl sulfides and dial kyl or diaryl sulfoxides
generally react with nethyl iodide as foll ows:

[err] Het erocyclic and tertiary am nes react with nethyl iodide
‘as, fol l-ows:

second step, the carbonylaé;on products are separated from
the -fixed iodide by distillation of the carbonylation
products. Since a stoichiometric excess of metal and
phosphine or aromatic nitrogen compound is required to
achieve substantially complete iodide removal, this
homogeneous system requires recovery and disposal of toxic
metal residues. Furthermore, the distillation required to
separate the carbonylation product from the halide
precipitate is an additional step in the production process,
increasing its duration and expense.

Another approach suggests avoiding the combination of
alkyl and aryl phosphines or aromatic nitrogen compounds and
metals or metal salts. This approach suggests treating
carboxylic acid or carboxylic acid anhydrides with an
unsupported silver salt "scavenger,™ e.g., silver acetate,
'in the absence of alkyl or aryl phosphines and heterocyclic
aromatic nitrogen compounds. A high stoichiometric excess
of metal salt to the halide impurities is required to
achieve significant halide removal. Also, as in the
treatment/precipitation procedures described, an additional
distillation step is required to purify the carbonylation
product. Moreover, the scavenger residue must be recovered.
In addition, the process does not achieve sufficient halide
removal for demanding end uses such as vinyl acetate
production. |

A particularly effective approach which avoids many of
the problems associated with distillation and extraction
processes employs a strong acid cation exchange resin. One
such resin is a sulfonated copolymer of styrene and divinyl
benzene in which at least a portion of the active sites are
exchanged to the silver or mercury form through the exchange
of a silver or mercury salt, such as silver acetate or
mercuric acetate. In this process, the silver or mercury
exchanged resin can be placed in a column and the halide
contaminated liquid passed through the cclumn. Greater than
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II. Summary of the Invention _
The present invention provides an efficient one-step

heterogeneous halide removal process. Rather than employing
resins having a strong acid cation exchange functionality,
the present invention employs a polymeric resin having -
functional groups capable of forming both coordination
complexes with metal salts such as silver or mercuric
acetate and the capability to quaterize or form ionic salts
- with alkyl halides. The polyméric resin coordinated with
the metal salt is contacted with a liquid containing halide
impurities. Halide containing liquids include liquid or
vaporous organic materials such as carbonylation reaction
products. Halide impurities are fixed in the form of
precipitated metal halides trapped in the polymeric resin
matrix. . The coordinated polymeric resin can be employed in
a fixed bed process wherein feedstock is continuously passed
through the resin bed for removal of halide contaminants.
Consequently, one particular advantage of the present
invention is the ability to trap the metal halide within the
resin matrix in one'step. This ability obviates a
subsequent distillation step required to separate the metal
halide and excess reagents from the.liquid. Moreover, the
recovery and disposal of toxic residues is simplified. Of
particular importance and value is the use of the present
invention to remove iodine values from acetic acid, acetic
anhydride, and mixtures thereof manufactured by the
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recovery steps to separate fixed halide impurities from the
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The characteristics of polymers useful in the practice
of this invention are polymers having functional groups
capable of forming coordination complexes with metal salts
such as silver or mercury salts. These functional groups
also are characterized by the presence of an unshared
electron pair that can participate in nucleophilic
substitution reactions with alkyl halides such as methyl
iodide. Examples of such functional groups are phosphines,
‘sulfides, sulfoxides, amines, arsines, and sulfur or
nitrogen containing heterocyclics. Specific polymer
examples that are believed to be most effective in the
practice of this invention include polymers such as poly-4-
vinyl pyridine (PVP), polyphenylene sulfide (PPS) and
polybenzimidazole {(PBI).

The resin is prepared by immersing polymer with a metal
salt in a suitable solvent. "Solvent™ as used herein refers
to a solvent for the metal salt. The immersed polymer is
mixed with the metal salt solution.. The metal salts useful
in practicing the invention are generally salts of
transition metals which can coordinate with the polymeric
resin functional group. In addition, the desirability of
the metal salt is governed by the insolubility of the metal
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T Sunwarycetatbe | Thentnetal salt forms a coordination complex,
rather than an ionic bond, with the resin functional group.
The solvent containing the un-coordinated salt is removed
from the resin and the resin is preferably washed with pure
liquid from which the halide moiety is to be removed prior
to its use. The resin coordinated with the metal salt is
then contacted with the liquid containing the halide
impurity.

Typically the resin is packed into a column as for
example by pouring a slurry of the resin into the column to
an appropriate height. The iodide containing liquid is then
bassed continuously through the column contacting the resin
for a sufficient time to effect removal of the iodide.'
Alternatively, the iodide containing solution is allowed to
contact the resin in a batch operation.

The coordination between the metal salt and the polymer
functional group can be performed in any suitable inert
solvent. The solvent can include the liquid from which the
iodide will be removed according to the method of this
invention, such as acetic acid, H,0, acetic acid/H,0
mixtures, acetic anhydride, or acetic acid/acetic anhydride
mixtures. The solvent may also include methanol, methyl
acetate, and other solvents for the metal salt. Preferably
the polymeric resin is first conditioned in the solvent by
immersing the polymer in the solvent to form a mixture or
slurry and applying a vacuum on the head space above the
polymer-solvent mixture to facilitate removal of trapped
gases such as air in the polymer matrix and to allow the
solvent to flow more easily into the resin matrix. After
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the use of tteepéégfgnbéép%%nféﬁhéé)halide impurities. Alternatively,
halide containing wvapors could be passed through a column
containing the resin. No special processing parameters are
contemplated. - For example, room temperature would be an
adequate processing temperature, although elevated '
temperatures should allow reduced residence time in the
' resin bed. The upper temperature limit is determined'by the
thermal stability of the polymer. Since operation at
elevated temperatures is desirable iﬁ many carbonylation
processes, the thermal stability of polymers useful in the
present invention is advantageous. For example, acetic acid
residues and distillates generally must be cooled prior to
passing the acetic acid thiough a fixed bed of silver
exchanged sulfonated styrene/divinyl benzene copolymer to
avoid desulfonation of the resin. Polymers useful in the
present invention, such as poly-4-vinyl pyridine have a
higher thermal stability which permits paésing the residue
through the fixed bed without cooling. For example,
Reillex™ 425 has an upper temperature range of about 260 C.
Moreover, the present invention allows a potentially higher
silver loading on the resin, resulting in increased bed life
or iodide removal capacity. Likewise, the system pressure

-
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: Examples
Example 1: Resin Preparation
Poly-4-vinyl pyridine (Reillex™ 425 available from

Reilly Industries, Inc., Indianapolis, Indiana) was
coordinated with silver nitrate using H,0 as the solvent.
The poly—-4-vinyl pyridine resin was conditioned in the
solvent by immersing about 200 cubic centimeters (cc) of the
polymer in about 300 cc of H,0 and applying a vacuum to the
head space above the polymer-H,0 mixture to facilitate
removal of trapped air in the polymer matrix and to allow
the H,0 to flow more easily into the pores of the resin.
After the resin was conditioned in the H,0, a solution of
silver nitrate in the H,0 was added to the polymer-solvent
mixture. The mixture was stirred using a magnetic stirrer
and heated on a hot plate while stirring to allow the silver
nitrate to coordinate with the resin’s functional groups.
The mixture of resin, solvent, and silver nitrate was
maintainéd at about 80 C while stirring for two hours. The
resin slurry was then cooled, filtered and washed with H,0
to obtain a silver-coordinated form of the polymer in H,0.
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soluble in t gsol vent .to g? ow coor di natlon i th the re5| n., Exanpl es of

odhld&eetmmeﬁll al yner exanples that are believed to be 25 nost

particul arl FR7 1A% sa"Hisv?Ihcﬁ ver (gc alts such as
silver acet silver nitrate o {fer t‘a‘?:et at e B2¥he net aI salt forms a
coordi nati on conplex, rather than an ionic bond, with the resin functional

group. The é:?éﬁ{ﬂ!é f?”t@éﬁéé‘ﬂaéﬂﬁ‘e ﬂ-ﬁ&ﬁi%&;ﬁéﬁ s renoved
Samples of Reillex™ 425, PPS and PBI were conditioned
" in acetic acid generally as described in Example 1 by
immersing the polymers in the acetic acid and applying a
vacuum to the head space above the polymer/solvent mixture
to remove trapped air and facilitate the flow of the solvent
into the polymer matrix. No metal salts were added.

Example 3: Batch Testing of Resins
20 cc of each resin prepared as in Example 1 were mixed

with 80 cc of acetic acid in 4 oz. bottles. The acetic acid
was spiked with hexyl iodide to obtain a total iodide
content of 504 parts per million (ppm). The capped bottles
were placed on a wrist shaker and agitated for two hours at
room temperature. ' _

20 cc of the comparative polymer samples in the acetic
acid solvent were mixed with 80 cc of acetic acid containing
hexyl iodide at a 504 ppm total iodide level. The
comparative examples were agitated on the wrist shaker for
two hours at room temperature.

A sample of Ag+ as Ag acetate was also prepared by
mixing 10 grams of Ag acetate in 80 cc of acetic acid
containing hexyl iodide at a 504 ppm total iodide level. In
addition a sample of silver exchanged on a sulfonated
styrene/divinyl benzene copolymer (Amberlyst™ 15),
generally as described in U.S. Patent No. 4,615,806, was
Prepared by immersing the silver exchanged resin in acetic



f FRESERG 1k B&dnRegisted t he resin is preferably washed with pure liquid from

whi noiety is to be renoved prior to its use. The resin
cooﬂgw;ggmmn the netal salt is then contacted with the liquid

con [ lide inmpurity. Typically the resin is packed into a
colum as for exanple by pouring a s|uxy of the resin into the colum to
an appropri AEheFYH21ng il'tﬂﬁigle iqsdg Bth@ Pl4uPe™ SotRdnipdided

cont i nuous| y1dfepUghridIes CorarMs 1N taand i9ig vidte eblahged rasiuf Ehpheat tine
to effect renoval_of_ the.iodide. Altern tiv§%%, thehiodide cont ai ni ng

sol ution is "FFTORIFLIFDARA et SN I9TH &N POBEFafEoR®o™ The
coor di nat i oncémpecstutde nefter segitatiicdonheandl samp lieumatsi aldbowgdotp can be
performed in | [ I : jnC e the liquid
from whi ch t%%ggﬁﬁﬁ?%§5%$§ iigéﬁééiﬁgﬁgggéE?gfﬁ§h¥%&%ﬁ%ﬁggkﬁ6§%%f this

i nvention, seeRtainex®ti cTRRiFLSYET 19D the Aexyladiodhide: Kemo vl tesss,
acetic anhydgjédese®rf@eeh i £narawi@cesi ¢ anhydride m xtures. The sol vent may
al so include nethanol, nethyl acetate,ggggﬁgiper solvents for the netal
salt. Preferably the polyneric resin i ' conditioned in the solvent by
i mmer si ng t pol vner o tha golvant ot o-forip o i vt e a_or gl.iirry ~Yala

applying a vihcuumppget he hedd ppgs epmbey e {tBropudy HxyE0 | \eiyIMPoptpe P
facilitate rienowalreRIatr apPqdIQEEsS (REd) JSIGDIDE N(EFE POIREMVEMmRI(HX and
to all ow the S 0 ' 5 0 T eST g TATTE '

Ag+ as AgAc 504, 000 439,000 13%

Reillex™ 425 504,000 291,000 42%

PPS . . 504,000 - -516,000% s 0%

504,000 360,000 29%

Reillex™ 425/ 504, 000 <1 100%

AgNC,

{H,0 prep) .

Reillex™ 425/ 504,000 - <1 100% -

AgAc

(acetic acid

prep)

PPS/AgAC 504,000 <1 . .. 1l00%

(acetic acid

prep)

PBI/AgAc/ 504,000 <1 100%

AgNO,

(acetic acid/

H,0 prep)

Silver 504,000 <1 100%

Exchanged

Resin

* Result attributed to analytical variability.



It NG e i BSd dhed Repedadi ti oned.i n the solvent, the metal salt or a solution of
t added to the conditioned polyner mxture or slurry. The
ﬁ‘magmﬂwmuion can be a solution of the netal salt in the solvent used
to sin or another conpatible solvent. The m xture or slurry
is then stirred and heated as necessary to allow the netal salt to
coordinate with the resin's f tional groups. The m xture of netal

coordinated resin andiss%fl %9@ %U&-'gt ek E@U%% W%?(;gg W th

addi ti onal sol Vi scusse 3| nat ed
resin can g&mma@hmunnqn@mmmmmmmg Ideqmcagror d&eor in any

sui tabl e ne 1’@333} 0 [ f, rlg,@‘q and hal i de
cont ai ni n?? Wﬁlﬂﬁ? r}:hro[}:a_l’ﬁ:et he rleéi?ﬁﬁtgie% Qq[ag' rg)rgr,ove ﬁéx% i mpurities.

ass
Al ternati mlmbhalﬁpﬂwlzﬁﬁt %%Wéﬁﬁ%‘%ol um
cont ai ni ng, #ie- resdftmd¥t spsn Pprr mlmm@m 4 odiRiesFrieenl at ed.

For exanple, roomte [ e a eqyal & eSSI rrperat ure,
al t hough e#"eﬁf%t’t"e(f‘f’e% asnvgw f]iﬁsbecq anoe%%r edtic 1&:&121% in the
resin bed.iddide pfil e anamn:amnhn@nﬁaxemﬁ rtéuz tapatllys:tsher r'rézle
stability of | i W&@r@

desirabl e ?ﬁs%y carﬁﬁlgt@g% rocegs%;@; her sta |J] | ty of

polyners uBa¢t®rin the present invention is advantageous. For exanple,
acetic acid respglugsritigl o&ﬁéiﬂﬁ:ﬁ&wmx@ddy rardvale gffilcikndy @f to

passing thehg Cse &exa Ct':rdeé ed u:.gehsﬁxg ig&e&i ‘_B\e s:.lx?eg Ve%crchanged resin the
samples were further analyzed for total iodide removal. The
results of the total iodide removal test are set forth below
in Table II. '

Q

TABLE 1T
— — =
Test Material Product Total . Total Iodide
Iodide* Removed (%) b
f‘ Reillex™ 425/ 959 >99.8%
AgNO, (H,0 Prep)
: Reillex™ 425/ <1 ' >99.9%
! AgAc (Acetic Acid
Prep)
J PPS/AgAc (Acetic 49 >99,.9%
Acid Prep)
{| PBI/AgAc/AgNO, 64 >99,9%
{Acetic Acid/
H,0 Prep)
Silver Exchanged <1 >89.9%
L sin
- .~

* Total iodide as I. The hexyl iodide and total iodide
were both measured on an iodide basis analyzing the
atomic weight of iodide.

.As indicated, the data shows that silver alone or non-
metal salt coordinated Reillex™ 425, PPI or PPS are



exchanged sul fonated styrene/divinyl benzene copolyner to avoid

desul fonation of the resin. Polyners useful in the present invention, such
as poly-4-vinyl pyridine have a higher thermal stability which permts
passi ng the residue through the fixed bed w thout cooling. For exanple,
Reillex[err] 425 has an upper tenperature range of about 260 C. Moreover,
the present invention allows a potentid¥ly higher silver |oading on the
resin, resul rielgtinelycineffechddel £or alkyddiddidenemdvabhpactie .metal

Li kew se, th§a§¥55% ggig@?resﬁgs wefe extreme%y $Ffect1ve at éﬁ%lgﬂ?uld

not be a si icant factor lcation o Fesent T nv
The net al haﬁ#aar'apééﬁs|¢ap@ a&éﬁéFaFéadby contacting the netal

coordinated resin with the halide- containing process streamis apparently
trapped w thiin _the pl es further
illustrate tFeES e

t hat the resultlng.¢anb®nm&éphonppioeuceagastaadao:b@da@mep¢km&ﬂyr§néuﬂ| de

i mpurity. NOd@d§§Jﬂ1%kbﬂﬁw§EﬁP2%Sdz%ﬁﬂbiﬁ@nzene vas co?rdlnated with
Exanpl es Exanpl.e 1. Resin Pre Bgratlon ol y-4-vi nyl pyridine

(Rei | | ex[ err]sz-éi-?f?ra&‘&ltlré‘ﬁleésf" yer acetate in a’H,0/HAC mixture following
the procedure described in Example 1. The

triphenylphosphine/polystyrene polymer was obtained from
Aldrich Chemical Co., Inc., Milwaukee, Wisconsin. A batch
test following the procedure set forth in Example 3 was
performed using the triphenylphosphine adsorbed on '
polystyrene. The resulting liquid phase was turbid with
suspended, untrapped AgI. Thus, the quaternizable reactive -
reagent must be chemically bonded to the polymer backbone
for effective one-step iodide removal.

Example 5: Fixed Bed Continuous Run

A silver salt coordinated resin was prepared by adding
350 grams of water to 245 grams of Reillex™ 425 polyvinyl
pyridine resin and evacuating the mixture to degas the
resin, After soaking the mixture under the vacuum for'éo
minutes, the following components were added:

(a) 50 grams glacial acetic acid

(b)) 5.0 grams silver acetate

(c) 100.5 grams silver nitrate

(d) 46.7 grams concentrated nitric acid
The resulting slurry was stirred on a hot plate for 2 hours
at about 80 C.

After cooling, the resin was filtered from the liquid
and washed with cold water (20 C) followed by washing with
acetic acid. The washed resin was slurried in acetic acid
and .the mixture evacuated for 20 minutes. Part of the resin
slurry was loaded into a 0.75 inch ID glass column to obtain



Reilly Industries, Inc., Indianapolis, Indiana) was coordinated with silver
nitrate usiing Herr]O as the solvent. The poly-4-vinyl pyridine resin was
conditioned in the solvent by imersing about 200 cubi’c centinmeters (cc) of
t he pol'yner in about 300 cc OF Herr]0 and applying a vacuumto the head
space above the polyner-H20 mixture tojfacilitate renoval of trapped air in

of Lhe T oo n R a ot h e oLt | et S JBME oTEcet o R d1RaR0l O
0 e resin .resy .canditioned in t err].0, .a solution o
silver nitr a?@a%ﬁgéh‘tégﬁjé‘rﬁg ﬁg%%&%éi a3 t%ve[fcﬁ‘i;%é'r 18 J}é‘ﬁp Rfxture. The
m xture was seetiedacidngnathegrelinnstift®reamt heamdtemperakarepl at e
while stirrigget9cabbod ¢bRESihVAG Nty Rl fodue W @ B4 pinl M?& resin’s
functi onal groggg.ﬁ Ihe g?xture q% resin, salvent, an SIP er nitrate was
maf'nt ai ned at® t18BeE YaFe cfedi throngh dbe e vmmy Sdomadlowdi atsilrry was
then cool ed, cE/hinuke 46 dbedshelumes hdfry s | A tsanPllediof dhe eluant was
il - dj d f My d r.1.0.
si | ver-coor di. 2Rt 8 apo%fng bdd S PANEE hé#lﬁfﬁ{ faz%ec(fsgsedf ShEsRsk 5Bey mer

11 Addi t1 onal yners were simlar e
Metal Salt Tresin colypgcandrgnalyzedrfqr ide contegiti.veRmaadddtdonal

acetic acid Pobyebesy| €né room temp&iitiffe HBAl Sodide Fedld wadCi d
processed through the column at a flow rate of 1 cc/minute
(100 minutes of residence time; 0.6 bed volumes/hour), and a
sample of the eluant obtained. Both samples were analyzed
for total iodide content and the results are set forth below
in Table III.

TABLE III
m == ..v
RESIDENCE TIME PRODUCT TOTAL TOTAL IODIDE :
(MINUTES) IODIDE CONTENT REMOVAL (%)
(PPM) : .
10 124 _ ~75
100 8 >98
L T —

As stated, many of the polymers useful in the present
invention are stable at elevated temperatures. Accordingly,
the advantage of high thermal stability can bé used to
reduce the required residence time by passing the feed
through the resin bed at elevated temperatureé.



-éul fide ybenzi m da’a@Sﬁeet Hﬁekm%plaeet at e/ acetic acid/ (PBI)
“‘ H20 t|ve Pol ymer Preparations
[err] 425 e conditioned in acetic acid

generally as described in Exa y |nner3|ng the polyners in the acetic
acid and applying a vacuumto the head space above the pol yner/sol vent

m xture to renove trapped air and fachkitate the flow of the solvent into
the polyner matrix. No netal salts were added. Exanpl e 3: Batch Testing
of Resins 20 cc of each resin preparadMss in Exanple 1 were mxed with

80 cc of acetig acid, Iﬁe%PgéaPQ?oghgelg h ?g&%cggﬁhdh§?§ng&§§{%¥g $§

hexyl iodide tG obtain S per
(ppm. The capbé@ubéﬁti%sllQH#43?ﬂeﬂﬁRPRNfQ¥mmwQ9mP§h§k§g al agntagctind or

two hours at rgOoRhleaRetdhitdning 1iglid Gx0fvaper Qﬁﬁﬁa&abb!§méﬁidﬁﬁé51n
sanples in the acetic. acid solve etic ag

cont ai ni ng hex§RVEBE TG ttlogxa,sl.ogrswt%qrél}lqgoapaﬁc?p&%}on fﬁé‘pggﬁﬁﬁr‘&ﬁb\‘/e
exanpl es were ageterembxﬂlmeﬁalmsaitsshapebléo¢ftn&adhmm@swathrhahldes to

temperature. gormAnRAl en&il&w &?1&5@&&“ §n'eghél ﬁalﬁzaspéaﬂeagy dﬁaxi ng
10 granms of Ag_acetate in 80 cc aceti,c acgid containing h at a

504 ppm total LeERYE %Waponlnaagdm Qiriptaining the s‘?‘?wte?eﬁﬂﬁﬁﬁdt% a

sul f onat ed ligquid or vapor and the coordinated resin for a time
sufficient for metal halide precipitates to form.

2. The method of claim 1 wherein said polymeric resin has
functional groups selected from phosphines, sulfides,
sulfoxides, amines, arsines, and sulphur or nitrogen-
containing heterocycles.

3. The method of claim 2 wherein said polymeric resin is
selected from poly-4-vinyl pyridine, polyphenylene sulfide,
and polybenzimidazole.

4. ‘The method of any of claims 1-3 wherein said metal
salt is a salt of a metal selected from silver, mercury,
copper and lead.

5., * The method of claim 4 wherein the metal salt is silver
acetate, silver nitrate or mercuric acetate.

6. The method of any of claims 1-5 wherein said halide-
containing liquid comprises a halide-containing solution of
acetic acid, acetic anhydride, or -mixture thereof.

7. The method of any of claims 1-6 wherein said. halide
is an iodide.

8. The method of any of claims 1-7 wherein said
coordinated resin is contacted with said liquid or vapor by
passing said 1liquid or wvapor through a bed of said
coordinated resin.



rene/ divin benzene co ol ynmer (Anber |y kgstg[hegtmsge'ér)gﬁgedaer ally as

jﬁfﬁﬂ“ﬂﬁj“@l@ﬂﬂu Pat ent No 4, 615 806, wa ﬂm mﬂ mer si ng t he
esin in acetic 1 12 acid
contai ning hexyl iodide at a 504 ppmtot al The silver salt
and silver exchanged resin sanples were agltat ed on a wist shaker for two
hours at roomtenperature. After agitgiion, each sanple was allowed to
settle and the treated acetic acid decanted from-the contai ners. The

results of the hexyl iodide renoval tests are set forth in Table I.

NATER! AL |&E>|ST 355, oA TE TP, SREMVED OO s RE RFing
504, 000 gmpurltles fnop pé;qqlpg:[y agzg or carbg;@gy?(m acid

291, 000 anhy4ﬁ:%dé°PSa1d carbfdiyliacid M ea@Pdxylic acid anhydride

2?5 / PBI 504, Wg produ5coe% %90 carbony%ggitgﬁo/of A% Pgﬁecuzrsoor ceolnlt & n[der rrx]

the presence of a metal catalyst and a halogen-containing

catalyst promoter and/or a halide salt co-promoter or
catalyst stabilizer.



(H err]O prep) Reillex[err] 425/ 504, 000 <1 100%

AgAc . (acetic acid prep) PPS/ AgAC 504, 000 <1

. 100% PBI / AgAc/ 504, 000 <1 100% AgNO3
.(aceti’c. acid/ H20 prep) Silver . 504, 000 <1
100% Exchanged Resin * Result attributed to analytical variability.
13 Anal ysis of the treated sanplgésgggcgonducted by gas

REMOVAL OF HALIDE IMPURITIES FROM ORGANIC LIQUIDS

A method is provided for removing iodide compounds,
particularly alkyl iodide compounds, from iodine-containing
liquids, particularly carboxylic acids and anhydrides
manufactured by the carbonylation of alcohols, ethers,
esters, and the like in the presence of a rhodium catalyst
and an alkali metal or alkaline earth metal salt,
particularly a lithium salt, wherein the carboxylic acid or
anhydride is contacted with a silver or mercury salt
coordinated to a polymeric resin containing'functional
groups having the capability to quaternize with or form
ionic salts with the alkyl halides.
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ts afcathe tamaﬂ qaodbgeaqmﬁmd txhé’gu §h§f§t prfa%ﬁsm &Feparted) e

1.
Tot al
425/

;P u.s. Patent KOBLE4lEis, 806Tesin dﬁété%ed herdiwd
otal 1odide Iodide* Renove (%9 Reillex[err

reference. " >99.8% AgNOerr] (Herr]0 Prep)

Reill ex[ erg] 425/ Although eacil of these apPPoléhégAcffamet ivaricus

Prep) PPH/ Ag Acet i
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commercially de51rab1e halide impurity removal processes are

desired.

II. Summary of the Invention
The present invention provides an efficient one-step

heterogeneous halide removal process.

More specifically, the invention provides a method of
removing halides from halide-containing liquids in liquid or
vapor form, comprising (a) contacting a halide-containing
liquid or vapor with a polymeric resin having functional
groups forming coordination complexes with one or more metal
salts capable of reacting with halides to form metal halide
precipitates in the halide-containing liquid or vapor, and
(b) maintaining the contact between the liquid or vapor and
the coordinated resin for a time sufficient for metal halide
precipitates to form, the functional groups being nitrogen-
containing heterocycles.

Halide containing liquids include liquid or vaporous
organic materials such as carbonylation reaction products.
Halide impurities are fixed in the form of preéipitated
metal halides trapped in the polymeric resin matrix. The
coordinated polymeric resin can be employed in a fixed bed

. process wherein feedstock is continuously passed through the

resin bed for removal of halide contaminants. Consequently,
one particular advantage of the present invention is the
ability to trap the metal halide within the resin matrix in
one step. This ability obviates a subsequent distillation
step required to separate the metal halide and excess
reagents from the 1liquid. Moreover, the recovery and
disposal of toxic residues is simplified. Of particular
importance and value is the use of the present invention to

AMENDED SHE
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‘hexyl iodide and total iodide were both

*

nmeasuredjo anal yzi ng the atom ¢ wei ght of i odide.
As indicated, 18 AUG M9y S that silver alone or non- netal salt
coordi nat e i 425, PPl or PPS are

14 rel atj vely 1 née e {for al kyl iodide renoval. The netal salt

( . were eftrenely effectjl\’/e.at removing al kyl iodide from
acetic acid. Exanpl e 47~ Batch Test of " Tri phenyl phosphi ne on Pol ystyrene
A triphenyl phosphi ne reagent adsorbed on polystyrene cross-linked with 2%
di vi nyl benzemengke coet the edded fhon| acetiqiaqid c/agiaticr anbyduide; nand

H err] OFHAC i sxtifed Ol 41506 &Kk t R RIFACRUHER d%%pritgsd EBrbATRhEidn T0E
tri phenyl phosphi_ne/ pol ystyrene pol yner was_ obtaj ned from Al drich, Chem cal
Co. | Ing. . MEGHIAREL {hsEBmaTEsenam oh AHL | LA LARH e Hrathduealet
forth i h Exanpeidespsi pel f Ditedmisiddidde tri phenyl phosphi ne adsorbed on
5

III. Detailed Description of Preferred Embodiments

The present invention employs polymeric resins
coordinated with metal salts which react with and
precipitate halide impurities from halide contaminated

10 1liquids. One particular advantage of the present process is
the ability to fix the halide impurity and trap the impurity
within the resin matrix to effectively remove the impurity
in a single step, thus avoiding additional distillation and
recovery steps to separate fixed halide impurities from the

15 halide containing liquid.

The characteristics of polymers useful in the practice
of this invention are polymers having functional groups
which are nitrogen containing heterocyclics which are
capable of forming coordination complexes with metal salts

20 such as silver or mercury salts. These functional groups
also are characterized by the presence of an unshared
electron pair that can participate in nucleophilic
substitution reactions with alkyl halides such as methyl
iodide. Specific polymer examples that are believed to be

25 most effective in the practice of this invention include
polymers 'such as poly-4-vinyl pyridine (PVP), and
polybenzimidazole (PBI).

The resin is prepared by immersing polymer with a
- metal salt in a suitable solvent. "Solvent" as used herein
30 refers to a solvent for the metal salt. The immersed
polymer is mixed with the metal salt solution. The metal
salts useful in practicing the invention are generally salts
of transition metals which can coordinate with the polymeric

J resin functional group. In addition, the desirability of

35 the metal salt is governed by the insolubility of the metal
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pal ystyrene. q$h6§aubhg l}i qui d phase was turbid wth suspended,
ug

unt r apped terni zabl e reactive reagent nust be chemcally
bonded to h pal yner backibdne for effective one-step iodide renoval.
Exanpl e 5: Fi xed Bed Cont i nyous Run A'silver salt coordinated resin
was prepar rans of er to 245 grans of Reillex[err] 425
pol yvi nyl pyri i gkl ure gas Lhe.,resin.
After soaking t Jf’rt{l‘fﬁgl‘b‘e%ﬁ e%t%%ter Suﬁﬁf]‘@lﬂ'{opﬁ &,’3{-'%? aﬁhg ?6‘?\"6\7\& ng
conponentgzﬂamﬁﬂadded (Hetmd _Sadts gl aci al Sedveataci d (b) 5.0

granms sil yels acsiat £25 (c) sk%e% Qeamrel | ver Ridekaleacig (d) 46.7

granms concentrated n|tr|c aC| The resultlng slurry mas stirred on a hot

FHMefor"”'T Zubgs ' fe=fF&Sin was filtered
fromthe | Fant T?shed mnth col d wat er (20 (@) follomed by washing with

acetic acid he h sin A acetic.,acid a the m xture
evacuat ed -%ﬁf ﬁi %ﬁ? %hrtggém%h%fggé |urr§3ﬁ&§°|8§a§ into a 0.75

inch I D gl colunn to obta

ample 2: Comparative Polymer Preparations
Samples of Reillex™ 425, PPS and PBI were conditioned
in acetic acid generally as described in Example 1 by
immersing the polymers in the acetic acid and applying a
vacuum to the head space above the polymer/solvent mixture
to remove trapped air and facilitate the flow of the solvent
into the polymer matrix. No metal salts were added.

Example 3: Batch Testing of Resins
20 cc of each resin prepared as in Example 1 were mixed

with 80 cc of acetic acid in 4 oz. bottles. The acetic acid
was spiked with hexyl iodide to obtain a total iodide
content of 504 parts per million (ppm). The capped bottles
were placed on a wrist shaker and agitated for two hours at
Toom temperature. '

20 cc of the comparative polymer samples in the acetic
acid solvent were mixed with 80 cc of acetic acid containing
hexyl iodide at a 504 ppm total iodide level. The
comparative examples were agitated on the wrist shaker for
two hours at room temperature.

A sample of Ag+ as Ag acetate was also prepared by
mixing 10 grams of Ag acetate in 80 cc of acetic acid
containing hexyl iodide at a 504 ppm total iodide level. 1In
addition a sample of silver exchanged on a sulfonated
styrene/divinyl benzene copolymer {Amberlyst™ 15),
generally as described in U.S. Patent No. 4,615,806, was
Prepared by immersing the silver exchanged resin in acetic

AMENDED  SHEeT
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15 a 100 cc
the resin be
of roomte
i odi de | evel

THELAWEWMINT St
| ked bed of res The excess of acetic acid was drained until
4 8caiggrwogbyl 4. 0 inch of acetic acid in the colum. 500 cc
rfat ure acetic gcifd containing hexyl iodide at a 504 ppmtotal
were Tea through it he col um (downflow) at 10 cc/mnute (6 bed

ot o b AL AR Erp et RS A P o "EaL R o e

been proc %Ff‘é‘%é“‘r

addi ti onal 1d¥81 cCc Tie t $iEl vewo nisd BnEeTditairlerdre)edchandiede reséd samppescessed
t hrough the colu o) ie’ l4q Lpu of residence
time: 0. 6 TRt AT ThasrBott) ¥ HAE ok M biReTaE HESn

ures/ hour), and anp uant obtarned. Both
sanpl es vetremperdtyned. f ALEer Agital N .cAadntSamRd & Wasr addprsdate set
forth bel O%ét':@lé_ abh& thé treated acetic acid decantBtBleEohl the RESI DENCE
TI ME RODUCT TOTAL TQTAL IéI%[]E .(AWJWJTE%} | ODI DE
CONTENT  COntEREFTAL (%e(w ts of the hexyl iodide removal ggsts
- 75 are 4€0 forth in Table I.8 >908 As stated, many

of the polyners useful in the present,,LRxenti on are stable at el evated
tenperatures. Accordingly, the advantmb% high thernal stability can be

used to reducatho—toguiiotdoosidenee= 'ﬁ%ﬁﬂ%ﬁgﬁ%h t he
resin bed er pEED EBEXYL | PRODUCT HEXYL | HEXYL IODIDE
MATERIAL IODIDE (PPB) | IOCDIDE (PPB) REMOVED (%)
“Ag+ as AgAc 504,000 439,000 13%
“ Reillex™ 425 504,000 291,000 42%
| ees 56047066 5367008 -
PBI 504,000 360,000 29%
Reillex™ 425/ 504,000 <1 100%
AgNO,
(H,0 prep) .
Reillex™ 425/ 504,000 . <1 100% -
AgAC
{acetic acid
prep)
FAGAS 5044600 ~<% +06%
fi-prep)—
PBI/AgAc/ 504,000 <1 100%
AgNO,
{acetic acid/
H,0 prep)
Silver 504,000 <l 100%
Exchanged
&Resin

* Result attributed to analytical wvariability.
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16 -GS : A method of renoving halides from

hali(lei éal\&%a |qU| ds.in liquid or vapor form conprising (a)

contacting A | | dg contalnlng liquid or vapor with a polyneric resin

havi ng Lunctional .gr uBs form ng coordination conplexes with one or

noreinmetal salts capable of reacting with halides to formnetal halide

pr ecitpd i 'i de- cont ai ni n@.3 liquid or vapor, and (b)

mai ntai ning the contact between the 10 i

resin

functi
nmet hod
pol y- 4-
claim

silver,

uid or vapor and the coordi nated

for a tinealysigupfiehentredredetaPIRs ivwRs prerdysted &Y tForm the
onal, ?58&96 gPBbRY BE1AQUEN-EDNEDEIH haELE 0S¥ Ed@Sor.  The 2. The
of “¢faim 1 ereln sal inis 15 selected from

vi deteglirgi éméﬁdf%lébéﬁi%’?ﬁ%a’z%‘% was approximghelii hod of

1 of gpmhersampiasdthiet chadabigh Shexyl alsdide oforfcemipdt ixisect ed from
”E%EgEVtrSQEBS£ta”95o pp$Fa9Ere diluted with iodide~free

acetic acid before analysis to make the resulting hexyl

jodide <50 ppb to maintain linearity of the analysis. The

results were then multiplied by the appropriate dilution

factor.

To further ascertain the iodide removal efficiency of
the silver treated resins and the silver exchanged resin the
samples were further analyzed for total iodide removal. The
results of the total iodide removal test are set forth below
in Table II. ’

TABLE II
Test Material Product Total . Total Iodide
Iodide* Removed (%)
Reillex™ 425/ 959 >99,.8%
AgNO; (H,0 Prep)
Reillex™ 425/ <1 >99.9%
AgAc (Acetic Acid
Prep)
e 49 >59-0%
Acid-Prep)
{| PBI/AgAC/AgNO, 64 >99.9%
{Acetic Acid/
H,0 Prep}
Silver Exchanged <1 >99.9%
Resin

* Total iodide as I. The hexyl iodide and total iodide
were both measured on an iodide basis analyzing the
atomlc weight of iodide.

.As indicated, the data shows that silver alone or non-
metal salt coordinated Reillex™ 425, PPI or PPS are

. s - ST
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20 4. The -cla|n13 wher ein the | ver

acetate, silver nijtrjat rrercurl c acetate. lmjmﬁ"ﬂ"ﬂ”ﬂi”ﬂut hod of any
of clains 1-4 wherfeifn 25 containing kiqgul o conprl ses a

hal i de- cont ai ni ng§s ‘ agetic acid, acetic anhydride, or m xture

t her eof .
is an iodide.

30 d o

sai d coor denpeties! resin is contacted with said |l iquid or vapor by

passi ng said I|qU|d or vapor through a bed of said coordi nated resin

8. Use of
impurities f

the met hod of any of clainms 1-7 for renoving hal i de
riom a car kethbodc odcirrovice hadjldes airak hahivegdronts isingl

carboxylic ag gnp{a€ 4 ROXYnh fa 36k Wr@PEY ¥8f, comprising (a) contacting

17
5

10

15

20
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30.
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a halide~-containing liquid or vapor with a polymeric resin
having functional groups forming coordination complexes with
one or more metal salts capable of reacting with halides to
form metal halide precipitates in the halide-containing
liquid or vapor, and (b) maintaining the contact between the
ligquid or vapor and the coordinated resin for a time
sufficient for metal halide precipitates to form, the
functional groups being nitrogen-containing heterocycles.

2. The method of claim 1 wherein said polymeric resin is
selected from poly-4-vinyl pyridine and polybenzimidazole.

3. The method of claim 1 or 2 wherein said metal salt is
a salt of a metal selected from silver, mercury, copper and

lead.

4, The method of claim 3 wherein the metal salt is silver
acetate, silver nitrate or mercuric acetate.

5. The method of any of claims 1-4 wherein said halide-
containing liguid comprises a halide-containing solution of
acetic acid, acetic anhydride, or mixture thereof.

6. The method of any of claims 1-5 wherein said halide

is an iodide.

7. The method of any of claims 1-6 wherein said
coordinated resin is contacted with said liquid or vapor by
passing said 1ligquid or wvapor through a bed of said

coordinated resin.

8. Use of the method of any of claims 1-7 for removing
halide impurities from a carboxylic acid or carboxylic acid
anhydride, said carboxylic acid or carboxylic acid anhydride

| AMENDED _SHEET |

ny oi claims 1-5 wherein said halide
any of «clains 1-6 wherein

35



bei ng producep W%%Wyﬁﬂgﬂon of a precurson
den- cont ai ni ng ”“ﬂmm

of a netal caja] yst and a ha1

halide salt cp-pr A®AYE 999

L

C

atal yst stabilizerce

17

s
L

being produced by carbonylation of a precursor compound in

the presence of a metal catalyst and a halogen-containing

catalyst promoter and/or a halide salt co-promoter or 7

catalyst stabilizer.

10
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