DESCRI PTI ON - OPERATI NG METHOD | N REMOVI NG | CDI NE ququq“,z' _
COMPOUNDS CONTAI NED I N ORGANI C. MEDI UM Field of the Invention The
present invention relates to an operating nethod in renoving Pp@@qurﬂ,
compounds from an organic nedium by means of ion exchange resins,
specifically to an operating nethod in renoving iodine conpounds contai ned
in acetic acid or a mixture of acetic acid and acetic anhydride by
contacting themwi th a cation exchange resin converted to a nmercury form
or a silver form Description of the Related Art Vari ous net hods
for renoving iodine conpounds from organic nedia are disclosed.
Particularly iodine conmpounds contﬁéngg %f acetic acid can not conpletely
be renoved in sone cases even by F¢RT ?%ﬂ, and in the case where
acetic acid is chemcally changed to produce, for exanple, vinyl

OPERATING METHOD IN REMOVING IODINE

COMPOUNDS CONTAINED IN ORGANIC MEDIUM

Field of the Invéntion

The present invention relates to an operatipg
method in removing iodine gompounds from an organic-
medium by means of ion'exchange resins,
spécifically to an operating method in removing
iodine cqmpounds contained in acetic acid or a
mixture of acetic acid and acetic anhydride by
contacting them with a caﬁioh excﬁange resin
converted to a'mercury fqrm or a silver form.
Description of the Related Art

Various methods fqr :emovihg iod%ne compounds
from organic media are disclosed. Particularly
iodine compounds contained in acetic acid can not
completely be removed in some cases even by
distillation, sand in the case where acetié acid is

chemically changed to produce, for example, vinyl

. oay
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-2- acetate, there is brought about the serious problem that

contam nation is caused by iodine conpounds, which results in shortening a
life of a metal catalyst. Accordingly, many renoving nmethods are

I nvesti gat ed. Met hods in which iodine conpounds are renoved by
contacting themw th strong acid cation exchange resins in which active
sites are converted to a silver formor-2-nercury formare disclosed as a
nmet hod for renoving iodine conpounds fron1acetic acid or a mxture of

acetic acid and acetic dr.id re for example, JP-B 5-
37031 that 11 1aSKASE R N Breaie, SRR g S4nteting BAORE Bt | on
exchange resin in which at least 1 %of the active sites is converted to a
silver form orthehesnamimation iy sagsad ied adiaeeigpmpawadst.he cati on
exchange resin can be used at tenperatures falling in a range of froma
solidifying poiwhidf meswrganinc shoptething teo ld fededopastiailon t enperat ure
of the resin, that is, 17 to 100[err]C On the other hand, however, it is

catalyst. Accordingly, many removing methods are

investigated.

Methods in which iodine compounds are removed

by cbntacting them with strong acid cation exchange

resins in which active sites are converted to a

silver form or a mercury form are disclosed as a

method for removing iodine compounds from acetic

acid or a mixture of acetic acid and acetic

anhydride. It is reported in, for example, JP-B 5-

21031 that it is effective to use a macroreticular

strong acid cation exchange resin in which at least

1 % of the active sites is converted to a silver

form or a mercury form. It is described therein

that the cation exchange resin can be used at

temperatures falling in a range of from a

solidifying point of an organic liquid up to a

decomposition temperature of the resin, that is, 17

to 100°C. On the other hand, however, it is

described that temperatures are not important, and



described that tenperatures are not inportant, and

-3- not only descriptions on the tenperatures are not found in the
exanpl es, but also nothing is described about the operation of the running
t enper at ures. It is disclosed in JP-A 4-282339 that a

si |l ver-contai ning neso-porous resin having a cross- |inking degree of 6 to
10 % can be used for renoving iodine coapeunds. The typical tenperatures
fall in arange of 20 to 120[err]C, and the tenperature actually used in
the exanples is 43[err]C. The tenperatures used in -JP-A 5-301839 fall in

a range where the _liquidg are. npjntained, that is, 20 to 120[err]C, and

t he tenperaturenastﬂ§$¥yaﬁ§%ﬁlp TORH LR END | EYMPRrF Y Ees |3Te not It is
reported in JP-B 7-14488 that a nethod wusing a cross-linked macroreticular
resin obtai ned £8yndoidi hageximrkes drst vitk$e rethingites thereof by ion
exchange is effective. It is described that the suitiable tenperatures fal
in a range of fdesecribed about the operation of the running

temperatures.

It is disclosed in JP-A 4-282339 that ;
silver-containing meso-porous resin having a cross-
linking-degreg of 6 to 10 % can bé used for
removing iodine compounds. The typiqal.
temperatufes fall in a range of 20 to 120°C, and

. the tempeﬁature actually used in the examples is
43°C. The temperatures used in JP-A 5-301839 fall
in a range where the liquids are maintained, that
is, 20 to 120°C, and the températuré actually used
in the examples.is 79°C.

It is reported in JP-B 7-14488 that a method |
using a cross-linked macroreticular resin obtained
by combining silver iong with active s%tes thereof
by ion exchange is effective. It is described that
the suitable temperatures fall in a range of from
the solidifying point, 17°C, of acetic.acid up to
the boiling point, 118°C, of acetic acid and that

the resin has a decomposition temperature of 150°C



the solidifying point, 17[err]C, of acetic acid Up to "the boiling point,
318[err]C, of acetic acid and that the resin has a deconposition
tenperature of 150[err]C - -4- or | ower.
Further, it is described that since the corrosion rate is increased at
hi gh tenperatures, the renoval should be carried out at as | ow
tenperatures as possible taking the desit4d renoving rate into
consideration. The tenperatures are 20[err]C in the exanples and 40[err]C
in the conparative exanples. However, the reaction rate is inferior at

| ow tenperatures, and therefore a renoving efficiency of iodine conpounds
and a usage of osilowerar &wsdthem ordt d& described-diHadwsimaxgdye nents for
t he exanples described in these nmethods have been carried out by the

present invent ogsri@sLORfidfe (18 IHONLIEI (ABIhigl CerBbiLEuds fact, silver
is dissolved to sone extent in acetic acid or a m xtiure of acetic acid

and acetic anhygﬁédgergg%? ngoL & d 8¢ Pfé&@uﬁ%@.aé 40N exchange

resins due to a nature an 1on exchange. equl riumof silver ion in an

acid or temperatures as possible taking the desired

removing rate into consideration. The tempefétures
are 20°C in'the examples and 40°C in the comparative
examplgs. However, the reaction rate is inferior
at low tempefatures, and therefore'a removiﬁg
efficiency of iodine éompounds and a usage of
silver are deteriorated.

Follow-up experiménts for the examples
described in these methods have been carried out b&
the present_invgntors to confirm the problems that
as a métfer of fact, silver is dissolved to some
extent in acetic acid or a mixture of acetic acid
and acetic anhydride obtained after contacting with
the ion exchange resins due to a nature of an ion
exchange equilibrium of silver ion in-an acid or
because of an instability of the resins
att;ibutable to temperatures to not only gring
about the dete;ioration of the quality bﬁt also

cause a deterioration in the silver usage. This is



because of an instability of the resins attributable to tenperatures to
nrot only bring about the deterioration of the quality but also cause a
deterioration in the silver usage. This is

- 5- notable as the tenperatures are elevated. Silver runs off markedly,
for exanple, at 79[err]C, and therefore such tenperature should not be
enpl oyed. It is reported in JP-B-§-21031 that it is convenient to

put an ion exchange resin bed which is not yet converted to a silver form
after an ion exchange resin bed which has been converted to a silver

form However, there are the problens that a large quantity of the
i on exchange rerdrabladas hithe otrrperstyrenckesl ekevaled s efdilvesr in order to
recover a |ow concentration of silver and that the facilities cost a |ot

and the recoveriwgs COSf hmSrk&dly) efbr el d i 197t @indl cost.
Further, as described above, a reaction mechani smofl iodine conmpounds with

carried silver therefore such temperature should not be -employed.
T It is reported in JP-B 5-21031 that it is
convenient to put an ion exchange resin bed thch
is not yet converted.to.a silver form after an ion
exchange resin bed which has been converted to a
silver forﬁ.

However, there are the broblems that a_la;ge
quantity of the ion exchange resin; and the long
resin-packed bed are rgquifed in order to recover a
low concentration of silver and that the'facilitieé
cost a lot and fhe recovering cost is required,
which raise thé total cost.

Further, as.described above, a reaction
mechanism of. iodine compounds with carried silver
has not yet been analyzed, and a react%on rate and
a removing performance in the insides of
macroreticular resins and meso-porous resins are
not yet satisfactory.

Summary of the Invention

An object of the present invention is to



has not yet been anal yzed, and a reaction rafe and —a Ternoving perfornance
tn the insides of mnacroreticular resins and neso-porous resins are not
yet satisfactory. Summary of the Invention An obj ect of the present
i nvention is to provi de an operating nmethod which can reduce
an anount of silver or nmercury dissolved in a solution after contact and
can inprove a usage of silver or nercuryb-ithout installing new treating
facilities in a process for renoving iodine conpounds contained in an
organi c nmedium particularly acetic acid or a mxture of acetic acid or
acetic anhydride by contacting.then1mdth a_cation exchange resin in which
at least 1 % ofPrssiidee a5 cpsrp§ingomesherddvhichacan| vedurer anor a nercury
form The present inventors have kinetically investigated a
mechani smto r amount ofi sélverponnderciupyadpseodvedf an aesoviiuffohodi ne
conpounds contained as inpurities in an organic nedium particularly
acetic acid andfxeP ¥ontacef an8ekhf improve a usage of silver or

mercury without installing new treating facilities

in a process for removing iodine compounds

contained in an organic medium, particularly acetic

acid or a mixture of acetic acid or acetic

anhydride by contacting them with a cation exchange

resin in which at least 1 % of active sites is

converted to a silver form or a mercury form.

The present inventors have kinetically

investigated a mechanism to remove iodine compounds

in a process for removing iodine compounds -

contained as impurities in an organic medium,

particﬁlarly acetic acid and a mixture of acetic

acid or acetic anhydride by contacting them with an

ion exchange resin in which at least 1'% of active

sites is converted to a silver form or a mercury

form. As a result thereof, they have noticed that

a diffusion resistance in the pores of the resin is

dominant and found that the diffusion rafe and the

reaction rate can be raised by elevating the:



acid or acetic anhydride by contacting themw th an ion exchange resin in
which at least 1 %of active sites is converted to a silver form or a
mercury form As a result thereof, they have noticed that a diffusion
resistance in the pores of the resin is domnant and found that the
diffusion rate and the reaction rate can be raised by elevating the

-7- operating tenperatures to increase7h0tably a renoving efficiency and
alife of the resin. Further, they have found the problens that the run-
off of silver or nmercury due to an ion exchange equilibriumand the

run-of f of sil v@eratikg’ ¢tdmperafdresl tat enkadheal fodHB1{,0at he deterioration
of the resin are increased. The present inventors have found fromthese

matters that tQ%mogghggggggEEQEEQTakgearg ka PEdtB e Lupgof f of silver or

nercury can be suppress to t owest leve and a renoving efficiency
ai sed by cont SEEERGEYnEPBVGRATE REORO EONEAPAFRY. FBAFNERBoRBBINS W th-
t he i.on exchange . ) '

off of silver or mercury due to an ion exchange

equilibrium and the run-off of silver or merdury

and sulfate radicals due to the deterioration of

the resin are increased. The present inventors

have found from these matters that the

aeterioration of the resin and the run-off of.

_silver or mercury can be suppressed to the lowest

level, and a removing efficiency and a life of the

resin and a usage of silver or.mercury can markedly

be raised by contacting the organic medium

containing iodine compounds with the ion exchange

resin at relaﬁively low temperatures in the

beginning of tﬁe operation to maintain the

deterioration of the resin and a run-off amount of

-silver or mercury at low levels_and:then elevating

the temperature in sfagés.when alkyl iodide suqh as

hexyl iodide is about to be or has been detected in

the vicinity of the exit of the resin bed; and thus

the present invention has been completed. That is,



resin at relatively |ow tenperatures in the beginning of the operation to
mai ntain the deterioration of the resin and‘a run-off amount of silver or
mercury. at low levels and then elevating the tenperature in stages when
al kyl iodide such as hexyl iodide is about to be or has been detected in
the vicinity of the exit of the resin bed, and thus the present invention
has been conpl eted. That is, -8the present invention relates to
an operating nethod in which an anount of silver or mercury dissolved in
a solution obtained after contact can easily be reduced, the iodine
conpounds can nost efficiently be renoved and the usage of silver and
mercury can be ¥hprevesendy nventinp cirlates AU PRRFIRENIE el evating the
tenperature in stages. The invention is directed to a process for
removi ng i odi nenetingd uim swiiamaan axgart cofredilvgr. eathimdraongpri ses the step
of bringing the organic nediuminto contact with a &ation exchange resin
in which at | e@bésdiwed Coita oBMide BiLinddeiL0dr dtetact can

easily be reduced, the iodine compounds can most

efficiently be removed and the usage of silver and

mercury can be improved_by carrying out the

operation while elevating the température in stages.

The invention is directed to a process for

removing iodine compounds from an organic medium,

which comprises the step of bringing the organic

medium into contact with a cation exchange resin in

which at least 1 percent of active sites thereof have

been changed to silver or mercury, while elevating .

the contacting temperature step by step or gradually

in a continuaous way.

It is preferable to elevate the temperature by 1

to 70 degree C, more preferably by 2 to 25 degree C,

in particular by 3 to 15 degree C.: The temperature

may be elevated continuously at a low rate, for

example, 1 to 70 degree C per year, more preferably

by 2 to 25 degree C per year, in particuiar by 3 to

15 degree C per vyear. It may be elevated step by



been changed to silver or nmercury, while elévating the contacting
tenperature step by step or gradually in a continuaous way. It is
preferable to elevate the tenperature by 1 to 70 degree C, nore preferably
by 2 to 25 degree C, in particular by 3 to 15 degree C. The tenperature
may be el evated continuously at a lowrate, for exanple, 1 to 70 degree C
per year, nore preferably by 2 to 25 dedree C per year, in particular by 3

to 15 degree C per year. It may be el evated step by

- 9- st ep. The product m xture of acetic acid may be taken out of a
distillation colum and cooled down to a given tenperature before this
treatment W thsakepati on exchange resin. When the tenperature of the ion

exchange resin bed is higher than that of the product mxture, this may be

heated to a given ofg producthfmik@dirdeJreMRAIE Ak Gy hke conditct ed until
t he i on exchange resin has reached the saturation (break through point).

Detai | ed Descrugg(gkog %ﬁ%tkﬂyggi$gncolumn and cooled down to a

given temperature before this treatment with a cation
exchange resin. When the temperature of éhe ion
exchange resin bed is higher than that of the product
mixture, this may be heated to a given one.

The iodine-removing step can be conductad.until
the ion exchange resin has reached the saturation
{break through-point).

Detailéd Description of the Invent;on

The present invéntion'shall specifically be
expiained below,

The ion éxchange.resih ﬁsed in the present
invention is preferably a cation exchange resin
comprising a sulfonatéd-copolymer of styrene and
divinylbenzene.

A method for converting the ion exchange
resin to a silver form or a mercury form is not
particularly important, and any silver salts can be
lused as long as they have a suitab;e solubility in

water or a non-aqueous organic medium. Silver



The present invention-shall specifically be "éxplarned belrow. " The -

I on exchange resin used in the present invention is preferably a cation
exchange resin conprising a sulfonated copol yner of styrene and

di vi nyl benzene. A nmet hod for converting the ion exchange resin to a
silver formor a nercury formis not particularly inportant, and any
silver salts can be used as long as thef#0have a suitable solubility in

wat er or a non-aqueous organi c nedium Silver

- 10- oxi de, silver acetate and silver nitrate are typical exanples
thereof. A required anmount of silver is nore than an equival ent as that of
the i odine comxideds stidviee neetade mndt eidwenf nd tmalte arati o. An

average pore dianeter of the ion exchange resin is preferably 100 angstrom
or nore, nore tpglanakinpi@sakbs-eom.orAMbéquired amodhe S£gani ¢ medi um

contai ning the iodine
silver is more than an equivalent as that of the
iodine compounds to be removed in terms of a mole
ratio.

An average pore diameter of the ion exchange
resin is preferably 100 angstrom or more, more
preferably 600 angstrom or more.

The orgénic medium containing the iodine
compounds includes organic acid, alcohol and ester.
In particular, the operating method of the present
invention is suited for the removal of iodine
compounds contained in acetic acid or a mixture of
acetic acid an& acetic anhydride. More
specifically, it is suited for thé removal of
iodiné compounds contained i; acetic acid or a
mixture of acetic acid and acetic anhyqride
obtained by reacting at least one selected from
methanol; methyl acetate and dimethyl ether with
carbon monoxide of a mixture of carbon monoxide and

hydrogen in the presence of a catalyst sfstem

containing a rhodium compound, methyl iodide and



conpounds includes organic acid, alcohol and ester. ‘In particular, the
operating nethod of the present invention is suited for the renoval of

i odine conpounds contained in acetic acid or a m xture of acetic acid and
acetic anhydride. More specifically, it is suited for the renoval of

I odi ne conpounds contained in acetic acid or a mxture of acetic acid and
acetic anhydride obtained by reacting atllleast one sel ected from

nmet hanol , methyl acetate and dinethyl ether with carbon nonoxi de or a

m xture of carbon nonoxide and hydrogen in the presence of a catal yst
system containing a rhodi um conmpound, nethyl iodide and

al kal i ne net al dlddilinasnetxlodaidildstas Bhaxdquasanist | Nwaet peesghal | not be
restricted to the renoval of halides contained in the organic medi um and

can be appliedidfedtiod dmmal fe 485 St N&Y i f’&to%lﬁ%fa” aqueous

sol ution. The i odi ne conpounds 1 ncl ude al kyl ;1 odi des aving a

car bon_ nU_nber QIalliQ:léé) Mlnje% S.L'l‘xchchaes o q{iocq%]e J.%gr{ %.%’d r&r:%:[nh%le | odi de,
et hyl i odi de, -

applied to the removal of halides contained in

water or an aqueous solution.

The:iodine compounds include alkyl iodides
having a carbon number of up to about 10 such as
hYdrogen iodide, methyl iodide, ethyl iodide,
propyl iodide, butyl iodide, pentyl iodide, hexyl
iodide; heptyl iodide and octyl iodide, and a
mixture thereof. The operating method ;f the
present invention is effective as well to the
removal of inorganic iodide§ such as lithium iodide
and iodine ions; Further, it is effective to the
removal of halogens other than iodine, for example,'
chlorine including alkyl chlorides having a carbon
number of up to about 10, iqorganic ch%orides an&
chlorine ions. An amount thereof is about 0.1 to
1000 ppb in terms of a concentration in a liquid.

In general, when ion exchange resins are
industrially used, liquids to be treated is

continupusly passed through a packed bed in which



propyl iodide, butyl iodide, pentyl iodide, hexyl iodide, heptyl iodide
and octyl iodide, and a mxture thereof. The operating nethod of the
present invention is effective as well to the renoval of inorganic iodides
such as lithiumiodide and iodine ions. Further, it is effective to the
removal of hal ogens other than iodine, for exanple, chlorine including

al kyl chlorides having a carbon nunber of2up to about 10, inorganic
chlorides and chlorine ions. An anount thereof is about 0.1 to 1000 ppb
in terms of a concentration in a |iquid. In general, when ion

exchange rESi”Stﬁégr?%PQQS%Eéaéiﬂ%£§6dﬁ§k%ﬁ%%ﬂfgﬁ% Qgsgggahgg gg

conti nuously passe rough a packed be

-12- the resins.are f.illed. wever,. the resins, may be used bat chwi se
or by a fluidi 7D TR e 2t dized, Gt MR FREBus {1 ow
system such a flow rate and a bed vol ume per hour sas reducing an

i nfl uence exer t EPHREL PHiRMIATY aliganfdinreus Edavs suatemr sugdner al | y

enpl oyed, and the econoni cal | y advant ageous conditions nmay be
flow rate and a bed volume per hour as reducing an

influence exerted by a boundary diffusion
resistance are generally employed, and the
economically advantageous conditions may be
employed according to the chéracteristics of the
resins used and the kinds, characteristics and
concentrations of the.iodine compound§ to be
removed. |

A lower limit of use temperatures of the ion
exchange resins is 17°C which is the solidifying
point of acetic'acid, and an upper limit thereof is
120°C which is a heat resistantltemperature of the
resin. The temperatures exceeding 90°C bring about
the deterioration of the resin which can not be
ignored, and therefore the temperatgres falling in
2 range of 20 to 90°C is prefe;ably selected
optionally. In a method for elevating the
temperatures in stages, the operation is'éarried

out preferably at relatively low temperatures of 17



enpl oyed according to the characteristics of the resins used and the

ki nds, characteristics and concentrations of the iodine conpounds to be
renoved. A lower limt of use tenperatures of the ion exchange
resins is 17[err]C which is the solidifying point of acetic acid, and an
upper limt thereof is 120[err]C which is a heat resistant tenperature of
the resin. The tenperatures exceeding 90f3rr]C bring about the
deterioration of the resin which can not be ignored, and therefore the
tenperatures falling in a range of 20 to 90[err]Cis preferably selected
optionally. In a nethod for elevating the tenperatures in stages, the

operation is caktei BA°Cain fHeltrigihinimy Jflid \uiard tiwd epeisat ures of 17
-13 - to 35[err]Cin the beginning of the operation to use the resin

for renmoving theheodesen COOP OLEESIRY | #it iéﬁiﬂémbéaggﬁggg{dﬁgﬂﬂgthe resin
bed is used to. the maxi mum that is, the saturation (arrives a break
through point) whiige "BYDL AN Nehé T WK L HPUYNg & 5 used to the
maximum, that is, the saturation (arrives a break
through point) while maintaining a run-off améunt of
silver or mercury to a low level. Then, the
temﬁerature is elevated to the second stage, for
eiample, about 45°C to shorten a_length of the
édéorption band and a moving rate of tﬁe adso;ption
band. That is, the utilization is.raiged; the
resin life which is the time expended until the
saturation is extended; and the usage is improved.
-The hore the temperature is elevated, the more this
effect is impro&ed, but the mcie fhe ruﬁ-off loss
amount of ﬁilver or mercury is increased as well.
Accordingly, the temperaturé in the second stage is
preferabiy'elevated by about 10°C. At the
temperature in the second stage, thé resin bed is
used for removing the iodine compounds while
maintaining a run-off amount of sil&er or mércury

at a low level until the-resin bed is the'

saturation (break through point). Then, the



silver or nercury to a low |l evel. Then, the  {ehpérataréis elevated to -
the second stage, for exanpl e, about 45[err]C to shorten a length of the
adsorption band and a noving rate of the adsorption band. That is, the
utilization is raised; the resin life which is the tinme expended until

t he saturation is extended and the usage is inproved. The nore the
tenperature is elevated, the nmore this -l4f-fect is inproved, but the nore
the run-off | oss anount of silver or mercury is increased as well.
Accordingly, the tenperature in the second stage is preferably el evated
by about 10[err]C At the tenperature in the second stage, the resin bed
is used for rismpsnafute iisodlevadaddmdhetiNied sha@get.aifidmg a run-of f
anount of silver or mercury at a lowlevel until the resin bed is the

saturation (breatanglie)ugibd B5PC tBeBhokkeén a length of the
-14- tenperature is elevated to the third stage, for exanple, about

55[err]C to Sh(H&sQﬂgﬁﬂoQﬂ@alﬁd)fath% n@a@%@@ptﬁa@é l&”@h@@cﬁ.dﬁ\ﬂﬂ&x rate of
the adsor.ption band to extend the resin I'ife and rai se'the usage.
' band to extend the resin life and raise the usage.

Hereafter, the above procedures are repeated;
whereby the deterioration of the resin and the run-
off of silver or mercury can be mipimized, and an
efficieﬂcy of removing alkyl iodides, the resin
life and a usage of silver or mercury can_hotably
be improved.

In general, a stainless material is used in
handling acetic acid and can be used at 120°C

~ without having an'anxiety.df corrosion.

These meﬁhode are net restricted to cases
using the ion exchange resine and can be applied to
cases using industrially usable carriers, for
example, alumihe, silice, silica-alumiqg,.zeolite
and activated carbon carrying silver or mercury.

According to the present inventioﬁ, the
temperatures are elevated in stages tq carry out

the operation, whereby the deterioration of the

resin and the run-off of silver or mercury can be



Hereafter, the above procedures are repeated, whereby the deterioration of
the resin and the run- off of silver or nercury can be mnimzed, and an
ef ficiency of renoving al kyl iodides, the resin |ife and a usage of silver
or nmercury can notably be inproved. In general, a stainless
material is used in handling acetic acid and can be used at 120[err]C

w t hout having an anxi ety of corrosion. -15- These net hods are not
restricted to cases using the ion exchange resins and can be applied to
cases using industrially usable carriers, for exanple, alumna, silica,
silica alumna, zeolite and activated carbon carrying silver or nercury.

According to theininGSRd, ianerin @EFildiendye e mindgvdngaadkgilevated in
stages to carry out the operation, whereby the deterioration of the resin

and the run-of f; fi &id VahePrdBCUIFL ARDR usage of silver or _
- 15- m nimzed, and an efficiency of renoving alkyl iodides, the resin

life and a us agr?ezocfu:.syi léé%r n%rtably' be improved.
Examples

The present invention shall more specifically
be described below with reference to examples, but
the present invention shall not.be restricted by
these examples.

Iodine compounds contained in organic media
shown in Comparative Example 1 and Examples 1 and 2
are removed by the following method.

Acetic acid containing 15 to 20 ppb of hexyl
iodide is continuously contacted with a packed bed
of a strong acia cétion exchange resin carried on
éctive sites with silver and having a
macroreticular structure while maiﬁtaining
prescribed-temperatures. Acetic acid after
contacting is taken out of a sampiing port attaéhed
to the column.by every fixed time to analyze a
concentration of hexyl iodide by means of a gas
chromatograph (ECD-GC) equiéped with an electron

capture type detector to confirm a removing state



mercury can notably be inproved. CTrTTT T Exanpl es
The present invention shall nore specifically be described bel ow with
reference to exanples, but the present invention shall not be restricted

by these exanpl es. | odi ne conpounds contained in organic nedia
shown in Conparative Exanple 1 and Exanples 1 and 2 are renoved by the
fol |l ow ng net hod. Acetic acid contMining 15 to 20 ppb of hexyl

i odide is continuously contacted with a packed bed of a strong acid cation
exchange resin carried on active sites wth silver and having a
macroreticular structure while nmaintaining prescribed tenperatures. Acetic
acid after conFBeFeRf 2adian@tvzaita ocfilven srnerptrrtion tithed to the
columm by every fixed tinme to analyze a concentration of hexyl iodide by

means of a gas atémbrerbsprptigriECGRa(Ysissiui [Thed iurnt lexahasigectieain capt ure

»

type detector to confirma renoving state .
-16- t her eofisad di finmrhty@l ias 15115/ €ln GEHECEH 4 AtS BF Rictive sites

is converted to alsilver form, manufactured by Rohm
& ‘Haas Co., Ltd.. The column used has an inner
diameter of 26 mm and a.;esin—packed height of 1600
mm. This column h#s sampling ports disposed at
four spots. |
Comparative Example 1

Concentrations of silver contained in an
effluent in.the beginning of the operation and the
stable Aperation were determined; wherein acetic
acid containing the ioaine compounds was contacted
ﬁith a packed béd_of the ion exchange resin
converted to a silver form at a flow rate of 12.8
bed volume per hour (1 bed volume is 616 ml). The
experiments were carried out independenply at
operating temperatures of 28°C, 54°C and -70°C,
respectively. The concentrations of silver
contained in the effluents are shown in Tables 1 to
3. Hexyl iodide was not detected at the ;xit of

the resin-packed bed.



atomi ¢ absorption analysis. The ion exchange resin™ " used is Afberlist 15
in which 41 % of active sites Is converted to a silver form manufactured
by Rohm & Haas Co., Ltd.. The columm used has an inner di aneter of 26
nm and a resin-packed hei ght of 1600 mm This colum has sanpling ports
di sposed at four spots. Conparative .Exanple 1 Concentrations of
silver contained in an effluent in the-d&gi nning of the operation and the
stabl e operation were determ ned, wherein acetic acid containing the

i odi ne. conpounds was contacted w th a packed bed of the ion exchange resin
converted to a silver format a flowrate of 12.8 bed volunme per hour (1
bed volune is 616 nl)InThke experofieid T wiriecke drs idghmn bin@E38ndent | y at
operating tenperatures of 28[err]C, 54[err]C and - 70[err]C, respectively.
The concentr at ithian 2B8°6i, | ¥€Ive£ 0Dé adlieol Ped hEnchtbtbat Scid casbemn in
Tables 1 to 3. Hexyl iodide was not detected at thelexit of the

resin-packed be@dntacting in about four times as much aésunt as in
the case of 28°C. In the case of 70°C ﬁhich is
higher by 42°C than 28°C, ;ilver is dissolvediin
acetic acid after contacting in about eleven times
as muich amount as in the caée of 28éc. That is, it
can be found that the higher the operating
temperature is, the more the loss of silver is
increased.

Table 1

Concentration of silver contained in effluent

(operation temperature: 28°C)

elapsed Concentration
_ Time of silver (ppb)
Beginning of operation 816 hrs 12

Stable operation 3179 hrs 1.1

Table 2

Concentration of silver contained in effluent

(operation temperature: 54°C)

elapsed Concentration

Time | of silver (ppb)
Beginning of operation 620 hrs ° 43
Stable operation : 1652 hrs 14




In the case of 54[err]C which is higher by 26[&rrJC~than 28[err]C, silver
Js dissolved in acetic acid after contacting in about four tinmes as much
anount as in the case of-28[err]C. 1In the case of 70[err]C which is

hi gher by 42[err]C than 28[err]C, silver is dissolved in acetic acid after
contacting in about eleven tinmes as nuch anpbunt as in the case of
28[err]C. That is, it can be found that18ke higher the operating

tenperature is, the nore the loss of silver is increased. Table 1
Concentration of silver contained in effluent (operation
tenperature: 28[err]C) el apsed
Concentration Ti me of silver(ppb)
Begi nni ng of operation 816 hrs 12 St abl e operation
3179 hrs Tdblle 3 Table 2 Concentration of silver contained in
ef fl uent (operation tenperature: 54[err] Q) .
el apsed Concent r atbfentration of silver contained in effldeme of
sil ver (ppb) Begi nni ng of operation 620 hrs : 43
Sagble operation (operatidfSZefibSrature: 7094
elapsed Concentration
Time of silver (ppb)
1206 hrs 130

Example 1
| The stable operation was carried out while
contacting acetic acid céntaining iodine compoﬁnds
with the ion exchange reéin-converted.to.a silyer
form at a temperature of 33°C and a flow rate of
7.2 bed volume per hour, and the temperature was
then elevated to 43°C. The silver concentrations
determined during the operation are shown below.
Table 4
Concentrations of silver and sulfate radical
contained in effluent (tempergtu;é Qas varied

during continuous operation )

elapsed Concentration [ Concentra-tion of
Time of silver sulfate radical
Beginning of 24 hrs 24 ppb .| . 130 ppb
operation (33°C) 187 hrs 2.7 ppb 2 ppb
Stable 5683 hrs 1.8 ppb 1 ppb

operation (33°C)
after elevating 5803 hrs
temperature 2.3 ppb 4 ppb
(43°c) (total time)




Tabl e 3 Concentration of silver contained in effl uent

(-operation tenperature: 70[err]C el apsed
Concentration Ti me of silver(ppb)
1206 hrs 130 Example 1 The stabl e operation was carried

out while contacting acetic acid containing iodine conpounds wth the ion
exchange resin converted to a silver fosrm@at a tenperature of 33[err]C and
a flowrate of 7.2 bed volune per hour, and the tenperature was then
el evated to 43[err]C. The silver concentrations determ ned during the

operation are shown bel ow. Tabl e 4 Concentrations of silver and
sul fate radical contained in effluent (tenperature was varied

during continuous operation . . el apse Congentration
Concentra-tion of A8 k&d run-off q{rﬁglver 1%fn£ é&ﬁerve ul fat e

radi cal Begi nni n 24 hrs 24 : 130 ppb operation
(33[err] C) 188V ﬁgslf thethmgﬁﬁﬁture is elgv§59d from @np| e
operation'(33[err]C3 5683 hrs 1.8 ppb 1 ppb after elevating
5803 hrs t enpokermediate stage of the opeBapidn. 4 ppb

(43[err] O . (total tine)

Further, a usage of silver carried on fhe ion
exchange resin was investigated baséd on a change
in a concentration of hexyl iodide in the packed
bgd with lapse of ;ime. As a result thereof, it
has been found that an increase in the temperature
by 10°C from 33°C to 43°C shortens a length of.the
absorption band by 0.83 time and a moving rate of
the absorption band-by 0.69 time, that is, raises
the usage to extend the resin ;}fe by about 1.4
time.

Thus, the resin bed was used the removal of
hexyL iodide at a low temperature of 33°C during a
period until the resin bed is.close to'tﬁe
saturation in the beginning of starFipg_the
operation, and then the temperature is elevated to
43°C, whereby a run-off loss amount of silver can
be controlled to a low level, and the res;n life

can be extended.



- 19- A marked run-off of silver is not“obiserved even if the
tenperature is elevated froman internediate stage of the operation
Further, a usage of silver carried on the ion exchange resin was

i nvestigated based on a change in a concentration of hexyl iodide in the
packed bed with |apseof tine. As a result thereof, it has been found that
an increase in the tenperature by 10[er2DC from 33[err]C to 43[err]C
shortens a length of the absorption band by 0.83 tinme and a noving rate of
the absorption band by 0.69 tine, that is, raises the usage to extend the
resin life by about 1.4 tine. Thus, the resin bed was used the
renoval of hexyl iodide at a | ow tenperature of 33[err]C during a period
until the resin bed is close to the saturation inthe beginning of starting
the operationExam®lenhén the tenperature is elevated to 43[err]C, whereby
a run-off |oss amount of silver can be controlled tQ a low level, and the
resin life can be exTkadstikble operation was carried out while

contacting acetic acid containiﬁg iodine compounds
with the ion exchange resin coﬂverted to a sflver
fqrm at a tempe;ature of 28°C and a flow rate of
12.8 bed volume per hour, and the temperature was
then elevated to 54°C. The silver concentrations
determined during the operation are shown below.
Table 5
Concentrations of silver and sulfate radical
contained in effluent (temperature was varied

during continuous operation )

elapsed Concentration | Concentration of
Time of silver sulfate radical
Beginning of
operation (28°C) 816 hrs ' 12 ppb 8 ppb
Stable 3179 hrs 1.1 ppb 1 ppb
operation (28°C) 7485 hrs 2.0 ppb 1 pprb
after elevating 8807 hrs
temperature 3.7 ppb, - - 1 ppb
(54°Cc) .(total time)

A marked run-off of silver is not observed
even if the temperature is elevated from an
" intermediate stage of the operation. :

Further, a usage of silver carried on the ion

exchange resin was investigated based on a change



- 20- Exanpl e 2 The stabl e operation was carried out while
contacting acetic acid containing iodine conpounds wth the ion exchange
resin converted to a silver format a tenperature of 28[err]C and a fl ow
rate of 12.8 bed volune per hour, and the tenperature was then el evated
to 54[err]C. The silver concentrations determ ned during the operation are

shown bel ow. Table 5 Concentrati-o2k- of silver and sulfate radical
contained in effluent (tenperature was varied during conti nuous
operation.) el apsed Concentration Concentration of

Ti me of silver sul fate radical Begi nni ng of operation

(28[err] O 81B“h?s°°n°en‘i§ab’p%“ of hexyl odige in the pagked 3179 hrs
1.1 ppb ppb operation (28[err]C) 7485 hrs 2.0 ppb

1 ppb after el’@eétbiﬁga 83pse o timeenper @& wesult thereof, it 3.7 ppb,

1 ppb (54[err] O (total tine) A marked run-off of silver

i s not observedhasvbeemffmhmdtetnmteraatwseISnetmatedpéf@mJaél te nternedi ate

stage of the operation.
54°C has extended the resin life by 2.1 times as
compared with that in the case.of 28°C. Furtﬁer, a
subsequent rise to 70°C has extended the resin life
by 3.7 times as compared with that in the case of
28°C.
It has been found from the results summarized in
Tablgs 1 to 3 that the earlier the staée of the
" operation is and the higher the temperature is, the
more the run-ofﬁ amount of silver is. Accordingly,
a marked run off of silver can be reducéd and a
usage of silvef carried on the.ion exchange resin
can be raised by carrying out an operating method
in which the operation is carried out at relatively
low temperatures in the beginniqg. and the
temperature is elevated when a contact of acetic
acid'codtaining the iodine compounds with the ion
ethange fesin converted to a silver form .is

stabilized.



Further, a usage of silver carried on the ion exchange resin was
l.nvesti gat ed based on a change in a concentration of hexyl
i odi depi bed by a | apse of tine. As a result thereof, it has
been ﬂwm““mmﬂmﬂaﬂw in the tenperature to 54[err]C has extended the
resin |*ife by 21%irfes as conpared with that in the case of 28[err]C.
Further, a subsequent rise to 70[err] C-B3s extended the resin life by 3.7
times as conpared with that in the case of - 28[err]C. It has been found
fromthe results sunmarized in Tables 1 to 3 that the earlier the stage of
the operation j.s.and the higher the tenperature is, the nore the run-off
anount of siIv§P3¥E§ Accordingly, a marked run off of silver can be
reduced and a usage of silver carried on the ion exchange resin can be
rai sed by carryi-ng B0t cRArapERrGtMaEhedt Hogremevimg ckedire operation i s
carried out at relatively |ow tenperatures in the beginning and the
tenperat ure i s ccmpeaingids irem ancomgaoticofreddum by sondtactangi bthay t he
i odi ne conpounds with the ion _

with a cation exchange resin in which at least 1 %

of active sites is converted to a silver forﬁ:or a
mercury form, wherein the operation is carried out
while elevating the temperatures in stages.

2. ~ The method as claiméd in Cléim l, wherein 1 to
100 % of the active sites is converted to a silver
form or a mercury form.

3. The methﬁd as claimed in Claim 1, wherein the
organic medium is acetic acid or a mixture of
aéetic acid and acetic anhydride.

4. The method.as claimed in Qlaim 1, wherein the
iodine compounds are selected from alkyl iodides.
5. The method as claimed in.Claim 3, wherein
acetic acid or a mixturé of acetic acid and acetic
anhydride is contacted with the cation exchange
resin at temperatures of_i7 to 120°C and a flow
rate of 0.5 to 40 bed volume per hour.

6. The method as claimed in Claim 5, whérein

acetic acid or a mixture of acetic acid and acetic



exchange resin converted to a silver form is stabilized.
-22 =+ - Odarns —Amoperating nethod in renoving iodine conpounds from
an organi cting them with a cation exchange resin in which
at | east mﬂm Bgﬁit es is converted to a silver formor a nercury
form wher®ei e epe nis carried out while elevating the
tenperatures in stages. . The nmethod €23 <¢lainmed in Claiml, wherein 1l to
100 % of the active S|tes is converted to a silver formor a mercury form
3. The nethod as clainmed in Claim1, wherein the organic nmediumis acetic
acid or a mxture_of _acetic acid and acetic anhydride. 4. The nmethod as
claimed in d ai APBYdGhERel R trRtachednel Ebnpbaneaatiee exrbangd from al kyl
iodides. 5. The nethod as clained in Caim3, wherein acetic acid or a
m xture of acet resamaltaheknpemtureandxﬂdﬂdmlsstmrmao&m with the cation
exchange

beginning of the operation, and then the_
temperature is elevated in stages.

7. The metﬂod as claimed in Cleim 1, wherein%the
iodine compound is at least one selected from the

group consisting of methyl iodide and hexyl iodide.



resin at tenperatures of 17 to 120[err]JC and a flow rate of 0.5 to 40 bed
:volume per hour. 6. The nethod as clainmed.in Claimb5, wherein acetic
acid or a mxture of acetic acid and acetic '
-23 - anhydride is contacted with the cation exchange resin at
tenperatures of 17 to 35[err]C in the beginning of the operation, and then
the tenperature is elevated in stages. 7. The nethod as clained in Caim
1, wherein the iodine conpound is at |east one selected fromthe group
consi sting of nethyl iodide and hexyl i odide.

ABSTRACT

An object of the present invention is to
provide an operating method which can reduce an
amount of silver or mercury dissolved in a solution
agter contact and can raise a usage of silver or
mercury without installing new treating facilities
in a process for remqying iodine compounds
cgntained.in an organic medium, particularly.acetic 
acid or a mixture of acetic acid or acetic
anhydride by contacting them with a cation exchange
resin'in which at least i $ of active sites is
converted.to a silver form or a mercury form.

Tﬁe‘operating method described above is
characterized by carrying out the operation while
elevating the temperatures in stages. in contacting
the organic medium,_particularly acetic acid or a
mixture of acetic acid and acetic anhyd;ide.
containing the iodine compounds with a cation

exchange resin.



