1 DESCRI PTI ON METHOD FOR REMOVI NG | ODI DE COMPOUND FROM ORGANI C ACID 5
TECHNI CAL FI ELD The present invention relates to a nethod for
renovi ng awoieedgdconpound from an organi ¢ aci d. Part i BTl/BERI0/0635ke
present invention relates to a nethod f refining acetic acid

synt hesi zed with a 10 net hanol carbonyl dtion nmethod, by renoving an

i odi de conpound contai ned therein. BACKGROUND ART A nethod for
carbonyl ati ng nethanol with carbon 15 nonoxide in the presence of a
rhodi um catal yst to produce acetic acid is well known as so-called

"Monsant net hod". There are two ”EHgﬂﬂﬁaﬁﬁﬂﬁﬁ@e car bonyl ati on mnet hod.
One is a nethod in which acetic acid 1S uséd as a sol vent, nethanol

of a raw 20 material is added to the acetic acid, a rhodi um conpound
as a catalyst is dissolved therein and a carbon nonoxide gas is fed
into the reacMEemON MOR REMONMNENEMIDE AGMBOUND IFROM iCROANIKheacRher
is a nethod in which a solid catalyst having a rhodi um 25 conpound
carried on a carrier is suspended in the reaction m xture instead of
di ssol ving the rhodi um conpound into it (heterogeneous catalytic 2
reaction) .> HOREGCENICAL nggihases, an i odi de conpound such as net hyl

oo 1 20060, 1 1.0, CEBEL BRYINELUA °BBaRafOFR L Maknghoagh o

pronoter), so that n 0 Sévera

(lig/kg) 5 of .Lhsyhiadi de QYA S fridnt he 26QfHn3 Add ar oduced
by the carbonylation™nmethod even affer the acetic acid has been

refined by di shrkliatitamlylheahieogirde enaniaweth tiemins g dsn Hohea aceti c
acid in such a manner acts as a catal yst poison to a VAN (vinyl 10
acet at e nononeerhednfiat refdatialgy sicelien adid syathesdged W is@& as a

raw materjal of VAN for instance, and accoydingly needs to he r.enoved
nto a | cVbl BRLABBRL SAFLPAYIFHICS BELPGA-| (B3 TORNYRY S

for renoving L.odide I ining-in acetic acid by
passi ng the agg?kggggig%ﬁﬁ%gﬁgﬁpg%ﬁggggd bed of a nmcroporoustype
cation-exchange resin having silver ion or nercury,ion exchanged and

carried (Japanese Patent Publication No. 1105-021031). This nethod is |
effecti ve 20 BACKERDUNDeARITY renovi ng the iodi de conpound fromthe

A method for carbonylating methanol with carbon

15 monoxide in the presence of a rhodium catalyst to'
produce acetic acid is well known as so-called
"Monsant method". There afe two methods for the
carbonylation method. One is a method in which
acetic acid is used as a solvent, methanol of a raw

20 material is added to the acetic acid, a rhodium
compound as a catalyst is dissolvéd therein and a
carbon monoxide gas is fed int& the reaction mixture
(ﬁomogeneous catalytic reaction). The other is a
method in which a solid catalyst having a rhodium

25 compound carried on a carrier is suspended in the
reactioﬁ mixture instead of dissolving the

rhodium compound into it (heterogeneocus catalytic



acetic acid and decreasing the iodide concentration of outflow ng
acetic acid into 10 ppb or lower, but it has a problemthat as the
car bon nunterzoesiosgdse | odi de conpound i ncreases, an adsor@U/IRAM7063SE3 25
decreases, a width of an adsorption zon? is widened and a silver
utilization at a breakthrough point decreases. As a result, the

met hod can treat a small WO 2008/ 038446PCT/ JP2007/ 063513 3 anount of
acetic acid per unit resin volune, which is not favorable fromthe

vi ewpoi nt of a treatnment cost. In order to solve the above descri bed
probl em sever al t hods ve been ] nvest.i gat ed. i kN
whi ch an ion ’é‘)”(%‘f’rrgﬁ ?reg’?%wﬁﬁ?ﬁhgl%nb%@f ?@%Sési?t%&g&?/d%%éa@uﬁ ac%
s used, whi g, gpthodnbengevebaRad 58! aHEBNRK B0 tRA! eRRiibAU ar
attention to e point that the diffusion of an iodide conmpound in
adsor bent parhigtesel b8l hScabatdigspt  @8ataienlfrodanandse sBataat:
Application Laid-Open No. F109291058). Another one is a nmethod in

whi ch an i odi geoatseepeiran appar abuseiverajpehahddeds aft pmberl(agdkeg)

hi gher than about 50C &Japanese Pat ent Application Lai d- Ope

. : Open .No.
2003- 527968) . of e eiodife FerRePndsTRERABE RRstheyREESNPSIE t hat

it is not easy t repare.an ion:exc resi o] t e e
active site d%??gB%eghgysEﬁ?aggfbgﬁgasﬁggniﬁa?ﬁgaiﬁ3|8e%§?%¥hgkg

i on- exchange tesif-PaLiChsi BeeANSEUYABE! ¥ynal skasdatfifact i ¥yeby, an
exchange 20 capacity per unit volune of resin becones small. On the
other hand, theaiaétesmpethadreaaiaidigsadvaheageethiat askien ipheuch
apparatus is operated at a high tenperature, the active site is nore
rapi dl y deconposednendactseased, catiglystvepireon it & ¥@Mdvdryd

rapidly rel eased. In addition, _.a nmethod i s propgsed _whi.ch
starts a0 odP@et2EROPAPOBEE a?ﬁ’Bﬁgﬁﬁf ! FB‘&F‘?@'ﬁfie?‘&e&r 2:_,%%??3 St4Cvery
step of 1t yben 20 18dhde<camaungals-dak epledab s3.0lnchakard
| i quor due to decrease™of ‘an Iodide renoval rate, increases the

tenperature, $QaagctOrieHyee hkeakelksase ebmaveactint® % Uevandcdthe 5
rel ease of silver ion (Japanese Patent Application Laid-Open No.

H09- 291059) . &bvevesevehalnphlrdd pksobhadléon.di sadvantage that it is
a conplicated operation to increase_the tenperature step_bg step, and
that the active sitRreRfvbs dadngtee chppseameying an iodid

15 compound remaining in acetic acid by passing the
acetic acid through a packed bed of a macroporous-
type cation-exchange resin having silver ilon or
mercury .ion exchanged and carried (Japanese Patent
Publication No. H65—021031). This method is effective

20 for efficiently removing the iodide compound from the
acetic acid and decreasing the iodide concentration
of outflowing acetic acid into 10 ppb or lower, but
it has a problem that as the carbon number of the
iodide compound increases, an adsorption rate

25 decreases, a width of an adsorption zone is widened
and a silver utilization at a breakthrough point

decreases. As a result, the method can treat a small



10 is released and silver ion is unavoi dably, rel eased, because the
exchange resin finally contacts with a high-tenperature liquid by any
nmeans. Thewioeheasedsactive site and silver ion becone |HWXAPR007H6351N a
product of acetic acid, which is not preferable. 15 DI SCLOSURE OF THE
| NVENTI ON For this reason, such an adsofrbent is demanded as to be
able to maintain an adsorption rate that provides a sufficient silver
utilization even without 20 being operated at a high tenperature

whi ch accel erates the rel ease of an active site and silver ion. As a

result of investigation %g%écic£é$§§§;%££¥ﬁ€%$£3,vgiuﬁgs &ﬁyg § hat

the rel ease rt fO% he® I'on exponhentially

norease as 25, { NeJ & ERLIENEbRTPRL W LERpbIGE B8R LEOMLADRE! 00C

Speci ficcal ly, as nperature 1 ncreases by every 10C, a silver ion

| eaching rate becomps cast HoMgerl vea DR O RRS AARGTHIRY (TINS5 13 5
and an active site deconposition rate beconmes about 10 tines, as is
shown i n Tablsederathanetheds ehpee aveer isvegTigatedwerOna mraicul ar,

t he deconposition rate of the active site is 0.1%per 5 year or |ess,
which is i5n dnefdipd giplehighgen boe okeharge FefpRrhAfliiBYeRBeeds 50C,

t he deconposition of the active site becones not _negligi

Accordi ngly, %ﬁF%ﬁﬁe%%p%fo?%% %?e%eﬁ?rfﬁgﬁn%?oﬁg?g't%hggﬁaﬁﬁtgogiIver
utilization egui ] 298 phreasaing hBeehtayhd
at a tenperafﬁ%éigégﬂéﬁ%gaéﬂgég%QS%%figgeg mhe% Eassing t he ?iquid at
a tenperat ur e 9ft ) @Oint OvRAt BHd @iefesabhyof0&nofolinder codpopiidbl e

1] Treat nent :

in adsorbent particles limits an.adsorption rate

10 (Japanese Patent Application Laid-Open No. HO09-
291058). Another one is a method in which an iodide
adsorption apparatus is operated at a temperature
higher than about 50°C (Japanese Patent Application
Laid-Open No. 2003-527963). However, the former

15 method has a disadvantage that it is not easy to
prepare an ion-exchange resin so as to have the
active site only on the surface, and that if the
inside of the ion-exchangé resin particle is
conseguently not used effectively, an exchange

20 capacity per unit volume of resin becomes small. On
the other hand, the latter method has a disadvantage
that when the apparatus is operated at a high
'temperature, the active sife is more rapidly
decomposed and released, and silver ion is also more

25 rapidly released.

In addition, a method is proposed which stérts

an iodide removal operation at a low temperature, and



tenperature Silver ion |eaching rate Active site deconposition rate
(O (Yyear) (Yyear) 40 0.06 0.01 50 0.12 0.1 60 0.23 1.0 70 0.46
10.0 WO 2008/038446 PCT/JP2007/063513

4

every step of time when an iodide compound 1is
detected in a discharged liquor due to decrease of an
iodide removal rate, increases the temperature, so as
to reduce the release of an active site and the

5 release of silver ion (Japanese Patent Application
Laid-Open No. H09-291059). However, the method also
have a disadvantage that it is a complicated
operation to increase the temperature step by step,
and that the active site unavoidably decomposes and

10 is released and silver ion is unavoidably released,
because the exchange resin finally contacts with a
high-temperature liquid by any means. The released
active site and silver ion become impurities in a
product of acetic acid, which is not preferable.

15
DISCLOSURE OF THE INVENTION

For this reason, such an- adsorbent is demanded

"as to be able to maintain an adsorption rate that
provides a sufficient silver utilization even without

20 being operated at a high temperature which
accelerates the release of én active site and silver
ion. As a result of investigations by the present
inventors, it was found that the release rates of the
active site and silver ion exponentially increase as

25 the treatment temperature increases from 40°C to 70°C.

Specifically, as the temperature increases by every

10°C, a silver ion leaching rate becomes about twice



The present invention provides a nethod for adsorbing/renoving an

i odi de conpound from an organic acid containing the iodide conpound
as an i npuwictzgosmpsL6 passing the organic acid through apqrarrkendo&sss of
a WD 2008/ 038446PCT/ JP2007/ 063513 6 cati on-exchange resin having
silver ion carried thereon at 50C or |ower, wherein the
cation-exchange resin is a nmacroporous-type resin with an average
particle size of 0.3 to 0.6 nm preferably 0.3 to 0.5 5 mm nore
preferably 0.3 to 0.45 mm and an average pore size of 15 to 28 nm
preferably 20 to 28 nm, and si i on substitut

| f 40 t 0
preferably 5023% FAGIE h%fg%rf%%o@?%;s11%$?§%r%%rorg%§ vagl?soq?ﬁ)e

above descri bed pyahl e 10A Lyghsal, oFgank & acifhdiniandled to be

treated is a i ¢ acid, an n 1 odide conpound contained in the
acetic acid ' [ tya i idH ¥ Rrdr0We] Fdehledodl depaving 1 to
12 car bon at of@ B ¢ s&?% ON OF THEI%IRAWCNGS FIG 1
shows a rel atdeaagsbeiorearate sof verte ud¢tivatsbheahs @-1emarature

of a passing liquid in the case of using a conventional adsorbent;
FIG 2 shéws ¥earletikeshi pibtehebh s3I RRILDOIBLE| T929% orPBnd an
average particle size of adsorbents; G

Fl %_éﬁs/hows a .o
rel ationshi p Bemeide L MPeRR toxe | $32089% Ahd arf &%ﬁ“pﬁﬁ%lﬁ%e in
an adsorbent AN 25FLG o4 SholEydcsebethgeshigLbgipeen o silver

utilization and a silver substitution rate in an adsorbent. 7 BEST
MODE FOR CARRYI NG @dEoHdEnVENEIONbject of the present invention
is to obtain a silver utilization equivalent to. that
10 in the case of passing the liquid at a temperature as
high as over 50°C, even when passing the liquid at a

temperature of 50°C or lower, and preferably 40°C or

lower.

is [Table 1]

Treatment Silver ion Active site
temperature leaching rate decomposition rate
(§C) (% /year) (%/vear)

40 0.06 | 0.01
50 0.12 0.1
60 0.23 Tt 1.0
70 ' 0.46 10.0

The present invention provides a method for
adsorbing/removing an iodide'compoﬁnd from an organic
acid containing the iodide compound as an impurity by

20 passing the organic acid through a packed bed of a



A cation-exchange resin is generally prepared by the steps of:
preparing particles of 5 styrene/divinyl benzene copol yner of a nother
mat eri al , Wioi2008/03844pr oduced with the use of 4 to 20 w .RCTaIP2007/063513
di vi nyl benzene as a crosslinking agent; .and i ntroducing a
strongly-acidic sulfonate group into the particle as a
cation-exchange group (active site). 10 The generally used
particul ate i on-exchange resin nornmally has a particle size
distribution in which particles with a particle size of 0.3 to 1 mm

occupy 95% or r&w%g Ep e%eﬂgr%&jr‘r%ﬁ\ojdﬂ%ﬁ%ﬁ égja?ggaer of 50%

particles pas%‘_?l wet™ si'evi ng out to 0.8 mMm

A catl on exChangge oSl I R DRRRLCOMENMAANAH S distthd xRN N

an i odi de conpoun rom-an organic aci a nmacroporous-type
(macroreticulpgsDi MR 4 W rdestoudavrypg resam gei?l) spesvéragsurface
area originating in pores even in a dry state. In contrast to this,
there is a geaparipele esize wif ch- Actoi Pes Por cRrpfetabdd BrBytafPep
havi ng been i nmersed and swelled in_wate it_canno

, but t_b
preferabl y usBl- HRRERSRFSICHRPHY Pitite éy\ﬁ):gr@ﬁ'iﬁ“ 5?‘9h%"§?6%ﬁi c
A ooont A Mided 414& $BLE - £0%Rhm A HELELDIBY T 56 LYC2BORRS - afla

macr opor ous-t e resin rorns n’acroporés

2008/ 038446 PGH 12007406353t Brat 68 fobysaddbngoan pratsehble sol vent
toitself in a polynerization step, and renoving the solvent after

t he pol yneri z&ad i ®0% step. tHdausct bveedihast opod eEhéneabyascadvesagbepore
size nornmally in a range of about 5 5 to 100 nm The average pore
size in the adewee dtererednPTebyePer mi ned froma BET specific

surface area, apparent density and a value of true densit e
fol | ow ngoexpr essi &1?:3’819 4 gﬁ’&’/%)a%}d(-jlllng:eq&#&:sc} rhl%d%/reaa\?%%%}es
pore‘size (n o+ eCidd Cag UL H3£8e AERpHBNE) cIRLaRRBAT €A th
density (g/nL C%E}gﬁ-%%ﬂdg%é?t? (g%%t)e » © a ©
acetic acid as an impurity is mainly a lower alkyl

jodide having 1 to 12 carbon atoms.

15 BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows a relationship'betweeh a silver
utilization and a temperature of a passing liquid in
the case of using a conventional adsorbent;

FIG. 2 shows a relationship between a silver

20 utilization and an average particle size of
adsorbeﬁts;

FIG. 3 shows a relationship between a silver'
utilization and an average pore size in an adsorbent;
and

25 FIG. 4 shows a relationship between a silver
.ufilization and a silver substitution rate in an

adsorbent.



The present inventors exam ned a relationship 15 between the average
particle size and an adsorption rate for an iodide conpound, through
usi ng macrwpeeeisstype cation-exchange resins with diffeEreRRoE0easaye
particle sizes, and nmaking resins carry73|lver ion thereon to prepare
adsorbents. As a 20 result of this, the present inventors found that
the adsorption rate for the iodide conpound |largely increases al ong
with the decrease of the average particle size. It is generally
expected that the adsorption rate increases by decreasing the
particle 25 size of the adsorbent, because an outer surface area per
unit filled volune increases inversely proportionally to the particle

size of the agiserhenbe OO @ORBYORG4ERCHIE P2ROFHE68R13 9 Hovever, it

cannot be always said that the conscious use of the resin with the

smal | average part ixclcatSicte dxratupntageiousis easiisel By giicd ferigdh e
outer surface area increases a little, the pressure drop at 5 the
packed col unritlé | $eepai oh: tpoeparing BATbifheseates by decreasing the
size of the resin. However, as a. result of a detailed exanlnatlon

accor di ng5t o $HEFRLTHIIRRIREREPRE GRBALKEGT nGTefp MRIdEY Haaterial,
adsor bent Of‘&ﬁf’ﬁa%%eﬂﬂgéﬁgg&gﬁlﬁﬁstﬂe1953a¥k”9 gb'%ﬁrwkoﬁ ggrried

t hereon and haV|ng ecreased particle size an e extérnal

surface area d; dymi&aaeastéaaraggwsﬁ,@ﬁeeagewct haagnor nal
particle size, havi ng made the adsorbent adsorb the iodide

conpound, theimmﬁmﬂmmim@ a aseréwalyhecidicodulifonahpogndughdméd about
twice the amount in the case of the adsorbent with the normal
particle sizethe np@ntefahayagt agé‘-aaﬂoad@eqc@ﬁw GAaP sjacigkve site).

utilizatign s about %%% 2. .tiﬂeg t he annugt when the silver
utilizatit eﬁﬁﬁﬁr AR aB%ﬁ 159-35%¢ + ABsCFHEBAGuhBShhen t he
silver utilizaliph Yas,40% %}E&i@@@°§1Ede§HEPlﬁﬁtEBSXEECFEQGBGSU't

was obtai ned i's not clear is assuned that while silver iodide

sel ectivel y psectpiiad aslﬂﬁwnﬁaﬁﬂleyéeﬁlseréﬂce of tbhe asseebapy as
t he adsorption of 25 the iodide conpound proceeds, and the silver
i odi de preci pfii%ater obhste ucandtinasi ani deecogpopadticden size

(diameter of 50% particles passing with wet sieving
15 method) of about 0.5 to 0.8 mm.

A cation-~exchange resin having been
conventionally used for removing an iodide compound
from an organic acid is a macroporous-type
{(macroreticular or MR type) resin having a large

20 speéific surface area originating in pores even in a
dry state. In contrast to this, there is a gel-tyﬁe
resin which acguires pores prodﬁced only after having
been immersed and swelled in water, but it cannot be
preferably used because of being little swollen in

25 the organic acid containing little water and not
acquiring effective‘pores.

A macroporous-type resin forms macropores in



diffusing into pores and decreases the adsorption WO

2008/ 038446PCT/ JP2007/ 063513 10 rate for the iodide conpound, the

i ncrease iwotdes/osser surface area of the cation-excharger/yreai7ncdie
to the decrease of the particle size effectively conpensates the
decrease. 5A nethod according to the present invention is based on
t he above descri bed know edge obtained fromthe experinent, and is
specifically a nethod for renoving an iodi de conpound in an organic
acid by the steps of: preparing an adsorbent having silver ion 10

carried on a [ Usszt. tjon- j ¢ ver age
particle si zef%l%egggéfog%&%%#pif@%%%ﬁ?g85%:[‘?%“8.%6 rrJr?nJC Qgrr%?e%1Fl 9
preferably 0.3,1onOr12:#70n KNS | 2490 APeRSPORPL 06 SOLvamtfatted W th
t he adsorbent’; and passing the ‘'organic acid containing 15 the i odide
conpound as arhé Npolymerieolgh $bep addhyx iformed watrdifered Heve
average particle size exceeds 0.6 nm a sufficient adsorption rate is
not obtained an &Horage ok, shirl R by alerageapde t PE| @8bertedi s

| ess than 0.3 the pressure drop 20 at the adsar ti%¥1 col um
i ncreases S | ntRri? 1B ot AHTEYSEDR &dfarde l}lg’si WG h an

average partl el SlgeiQl Ds %adforfifedirbl 4 SpRE COPLAPEEC! QuipaDYE
| arge particles in connerC|a.?y aval | abr'é cati on-exc ange resin
With a sieve, aféa! Cafp Ve OLSHINLDEPr BPAT & VaDOLYSEYELAE dessDtW, th a
smal | size and sul fonate it. Any nmcroporous-type cation-exchange
resin can 1llbybeheiseol otiwytemppesdiem in particular, as long as it
is a strongly acidic resin having a sulfonate group as an ion
exchange group.=Bi4,x tHE/Sacxofdrdastypddsat i on- exchange resin having

an extreq%ly smal | aver age %pre si.ze tenqs to relatively reduce its
: averaye pore size (nm

S: BET specific surface afea (m?/g)
da: apparent density {(g/mL)
ds: true density (g/mL)
The present inventors examined a relationship
15 between the average particle size and an adsorption
rate for an iodide compound, through using
macroporous-type cation-exchange resins with
different average particle sizes, and making résins
carry silver ion thereon to prepare adsorbents. As a
20 result of this, the present inventors found that the
adsorption rate for the iodide compound largely
increaseé along with the decrease of the average
particle size. It is Qenerally expected that the
adsorption rate increases by decreasing the particle
25 sgize of the adsorbent, because an outer surface area
per unit filled volume increases inversely

proportionally to the particle size of the adsorbent.



adsorption capacity, because of increasing the resistance of an

i odi de conpound in diffusing into the particles. On the other hand,

t he macr opwoaues/sprécat i on- exchange resin havi ng an extreEnmE2y7l0a3sge
10 average pore size tends to relatively reduce its adsorption rate,
because of reducing its specific surfacé area. Generally, the average
pore size i's preferably in a range of 15 to 28 nm nore preferably in
a range of 20 to 28 nm In addition, the 15 macroporous-type
cation-exchange resin with an extrenely | ow cross-1inking degree (for

[ nstance, 5% Rhyk6es) LD'ERRRLY BaUSER.gueLL1anty b RRK. cBRdoRBAGPOC!

physi cal stre are not itron,

aci dic Cat'OnugécaéngﬁerﬁégﬂnZthﬁVtﬂg §mﬁ§ibﬁ¥¥ka§éoﬁﬁraici6 Slze
i on-exchange group is not preferable because carried silver ion tends

to be rel easedswagvahbagesgani beaaidei svpassbdughr shghotherresin. |t
is recoomended for meking the cation-exchange 25 resin carry silver
ion to tenporaurfyceonv%atlEQrﬁéﬁaﬁeagiéﬁﬁéepnthﬁePF@§Fﬁr§oﬁ§PBt@Fy

into an acidic form dro en f gi B ysSj ng. a,stron ild 12 such
as hydr ochi or fBeaBpgRg dcg P?Br%& e Wéﬁh gﬁ@ﬁ ESﬁ%ng %68 to 60% of
the total actiyg sLLes bp JYALA0EUALOLHL! BhgeaoR! kier cbaufm by using

an aqueous SOiL sucn as silver itrate or silver acetate. 5 Wen

the silver fopgybyebesastBape4@is beeacakignieaxehangaatesnn acquires
a too small adsorption capacity for an iodi de conpound. By the way,

t he present i|ageoardisgfbonthéhpreshean tithegeodbiren- whehahgeln65|n
havi ng nore than 60% of the silver formadsorbs 10 in_iodide
conmpound, foreirpdeEpeethat adeerbghitcRLi $hg F?EF@&FeréépﬁénF331n

tammauneatlm ated in a _nethod.accordi h e

i nvent i om® tﬁ@véﬂ orptYBh ?BPeGBEE?Sg géer?ﬁe SPe %ﬁt ﬁvg% ors
assume the cay §Srbgsé3 étheﬁbnglﬁﬁyanﬁp%ﬁbfbﬁ%bkﬁalasﬁEQB%BI%Eb&5
in which an cation-exch nge resin having silver ion carried thereon
renpoves an lOQLdetﬁﬁaﬁouﬂﬁgéﬁntnaﬂedhenaaeekbenacwdthsacnnsmdéred to
be that at first, the iodide compound is converted into hydrogen

i odi de and espartmohpoands thndughvangemﬁéﬁlth@aﬁﬁ@ﬁrb@a@tﬁéﬁozb
whil e using an acid _center (active site of acid form

cati on- exchan@@eré@ﬂﬁdﬁscﬁmESPBﬁythesGS§8§E§HPPyr?ﬁ8 %?5%5§8n i odi de
e uuShy ShabRabE, BbAe bR iy g, aoue
case of the adsorbent with the normal particle size,
in an early stage of adsorption (when_silver
utilization was about 1%), about 2.9 times the amount
when the silver utilization was about 20%, and about
20 12 times the amount when the silver utilization was
40%. The reason why such an unexpected result was
obtained is not clear, but it is assumed that while
silver iodide selectively precipitates around'an
outer surface of the adsorbent as the adsorption of
25, the iodide compound proceeds, and the silver iodide

precipitate obstructs the iodide compound from

diffusing into pores and decreases the adsorption



25 product. In the process, when a treatnent tenperature is higher
than 50C, even a snmall anount of acid centers can provide a

suf fi ci ent wesbewasgdidcati on WO 2008/ 038446PCT/ JP2007/ 06 3 UAIPAR)7/063513
reaction rate, but when the treatment temperature is 50C or |ower, a
| arge anobunt of acid centers need to be left in order to provide the
sufficient esterification reaction rate. In brief, it is assuned 5.

t hat when the cation-exchange resin is highly substituted into a
silver form the resin has little acidic centers thereon, which
decreases the gsterddid Gald oMb RSt EMb SR E, e thtetoshde; £ oppound
and al so decreases the adsorption rate. 10A cation-exchange resin
havi ng silver dfiferafun®ibd hafeoot stitdadPerbn NExcivangel SosPin adue
colum for renoving an iodide conpound froman organic acid. A height
of the packed tredlshdldcimagn efferidit yaoinld sizsd effestivelyi anet er
of the packed bed. A space 15 velocity in a step of adsorbing and
renovi ng the iSRS Jdite idPEFRER gani ¢ aci d by passing the
organi ¢ aciid through th cked bed_of ,the.silver iqn-carryi.ng r.esin
has to be Wi thin a BoMGEEPan CsRTantons [HeUBEESER (ganaPR L Bnd o
normal |y a 20 1eane 1ol e S1aauinds i o Qb ERansa thdin t he
quantity of the passing liquid per hour Is 6 to 10 tines the bed

vol ume of the tiRSid¥periment, Hial tEMesad Ul tc0fly he msgaed cEaci d when
passed t hrough a packed bed of a silver ion-carrying resin 25 shal

be 50C or | owerenmwing aéfrerigslide ecom@uwnd |igwean nganie reidshy the
preferable to"pass the liquid at about_ 40C. As descri bed above, when
the tenper at urd-sHs (He PRSI D F AR ORv0 I 085S 131 1P k¥ ng

80, RS, AL i Al gf ety

and. silver “ion carrie efeon : nor e rapi ¢ met hod
according to LREIPILS e P4 108 SIP | Divfe Boff €SI N ©o h@Vé a2 hi gh

adsorption rate, and accordingly effectively nakes use of carried
silver ion evaredftermtlgw &.enpey ai L euof e qrdtmeahland.3 to 0.45
particularly %ggugfgggﬁfkérgitiéﬁgégﬁgdn column £illed with the
adsorbent; and passing the organic acid containing
15 the iodide compound as an impurity through the
adsorption column. When the average particle size
exceeds 0.6 mm, a sufficient adsorption rate is not
obtained at 50°C or lower, and when an average
particle size is less than 0.3 mm, the pressure drop
20 at the adsorption column increases. In order to
obtain the cation-exchange resin with an average
particle size of 0.3 to 0.6 mm, it is acceptable to
remove large particles in a commercially available
cation-exchange resin with a sieve, or to previously
25 prepare a polystyrene resin with a small size and

sulfonate it.

Any macroporous-type cation-exchange resin can



A nmet hod according to the present invention also 10 has advant ages of
having a | arge renoval capacity until the adsorption for an iodide
conpound r¥ackesd3#ihr eakt hr ough poi nt and di schar gi ng PEHREI07/E6A5LNt
of silver ion into the organic acid duripg treatnment which will be
described later. The reason is 15 considered such that while silver
ion which had been carried on a resin but has tenporarily been

rel eased into a liquid caused by solid-liquid equilibriumor the
deconposition of the active site is again adsorbed by an ion exchange
group of an agl d,{ Q4 %whg&taadﬁmiéﬁamspgftl&mafesaa gBRGoyed in
the present invention has a | arge outer surface area because of
having a smalitsigea @nfoh@pydhyidecassoihshatengi hvenlEonatEXAVPLES
25 (1) Preparation of adsorbent Cati on-exchange resins Ato F
shown bel ow vereuprapaaedjonnexekaege sgrons .. baet r e@ielsnd@romnmi ng
WO 2008/ 038446PCT/ JP2007/ 063513 15 an_adsor bent.

Cat i on- excharfgeP$ 23 WL ARDR¥FHIRIE sremiR B?V?R’éﬁn?anﬁxi‘-ﬁa@eéﬁnﬁ’aﬂ}l

(with average article size, and avera i of 24
b B The SRR T bent Arbbr e Lh s AhATERT, RSages: L6
particle si Zead@érﬁf’iéﬁtggpa‘gi?yo @écé@é@)’ofciﬁéfbﬁglng the C
Newl y synt hesized particulate cafion-exchange resin by the present

i nventors (Wwtdsbyeimge Parahciedife stampotind. 42 anrfindiagyeiage pore
size of 24 nut) D. Newy synthesized particul ate '
cat i on- exchantjee repsipidyes he Qn eédentotibpehand, (Wie MaGeIRRFECPITticl e
size of 0.36 mm and averag%ﬁﬁore size, of 24

Cat i on- exchahﬁ%??e%ﬁ P2 ﬁEﬁ%Gﬁ%ﬁ%ﬂnPﬁviﬁgaéarﬁﬁgrﬁﬁ?éys}ﬁﬁgﬁf 10
rim madg b Méﬁé’ié 5%63{%25% §a+%§§§ PPS a%éfgt19él¥>hkgﬁuhgelﬁ¥er age

particle Ji 26 as Yy Scree

Amber | yst XH?&i'éozfﬁ\ti&maﬂﬁfégebQ@éﬁséléﬁ pEa88iny) 1@1‘3 wheehrt e
average particle size was 20 adjusted into 0.52 mm by screening An

adsor bent  wassyrigpae eglrdy . medengrally abte aestagdabresiize Ato F
carry silver ion so as to have a predeterm ned silver substitutjon
rate (30 to ImefeFanply ekpedt rapIehel t bPafoi df- E%@hﬁﬁﬁé papherahly

in a range of 20 to 28 nm. In addition, the

15 macroporous-type cation-exchange resin with an
extremely low cross-linking degree (for instance, 5%
or less) intensely causes swell and shrank, and has
poor physical strength, which are not preferable. In.
addition, a weakly acidic cation-exchange resin

20 having a carboxyl group as an ion-exchange group is
not preferable because carried silver jion téends to be
released when the organic acid is passed through the
resin.

It is recommended for making the catian;exchange

25 resin carry silver ion to temporarily convert

sulfonate groups in the resin completely into an

acidic form (hydrogen form) by using a strong acid



25 of the above each resin. (2) Flowtest In each flowtest, an
adsorbent in an anmount of WD 2008/ 038446PCT/JP2007/063513 16 5 niL
prepared i wotzes/@bgve described item (1) was filled i n RCRI200m063510
mmyg) x 100 nmH ), and acetic acid contaifi ng 25 ppm decyl iodide (C
"Hnl) was passed through the colum at a flowing rate of 60 5 niL/hour
(LHSV=12). At this time, the inner tenperature of an adsorption
colum was controlled by circulating warmwater into the adjacent

j acket outside the colum. The concentration of decyl iodide in the

ef fluent fromghg QQSp&a&beﬂlsehemcmasaaa BBATUREE BYid 88 then
chromat ography installéd with an el ectron capture detector (ECD &C),

and a period ebniee uotith Ehe ognenst tathdnavtdetResit@spph was
determ ned to be breakthrough tine. In addition, an anmount (by nole)
of adsorbed degyirogedi ferwasnt® desdimimed ofmobiva Bsdgn@no IR SoONGUi d

passed through until the resin reaches the breakpqint, and the ratio
of the adsor bE@LEEBOAt SWChh 8Fe §pd¥ETt BitRhEtENOENE AT IGICEaLe -

o e S Vel HES SHSYEHTRER b BB ShRteactly R hed 20
2] RUN NO. Baggcnange resin acquires a too small adsorption
capacity for an iodide compound. By the way, the
present inventors found that when the cation-exchange
resin having more than 60% of the silver form adsorbs
10 in iodide compound, for instance, at 40°C (which is a
typical treatment temperature anticipated in a method
according to the present invention), the adsorption
rate decreases. The present inventors assume the
cause in the following way. Specifically, a mechanism
15 in which an cation-exchange resin having silver ion
carried thereon removes an lodide compound contained
in acetic acid is considered tolbe that at first, the
iodide compound is converted into hydrogen iodide and
ester compounds through an esterificatipn reaction
20 while using an acid center (active site of acid form)
of the cationlexchange resin as a catalyst,
subsequently the hydrogen iodide reacts with silver
ion to form silver iodide, and the iodide compound is
_ thereby fixed on the adsorbent and removed from the
25 product. In the process, when a treatment temperature
'is higher than 50°C, even a small amount of acid

centers can provide a sufficient esterification
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reaction rate( but when the treatment temperature is
50°C or lower, a large amount of acid centers need to
be left in order to provide the sufficient
esterification reaction rate. In brief, it is aésumed
that when the cation-exchange resin is highly
substituted into a silver form, the resin has little
acidic centers thereon, which decreases the
esterification reaction rate for the iodide compound
and also decreases the adsorption rate.

A cation-exchange resin having silver ion
carried thereon is charged into an adsorption column
for removing an iodide compound from an organic acid.
A height of the packed bed shall be preferably about
1 to 5 times the diameter of the packed bed. A space
velocity in a step of adsorbing and removing the
iodide compound in the organic acid by passing the
organic acid through the packed bed of the silver
ion-carrying resin has to be within a condition
conventionally used in general, and is normally a
condition of LHSV = about 6 to 10 (which means that
the quantity of the passing liquid per hour is 6 to
10 times the bed wvolume of thé resin).

‘ The temperature of the organic acid whén passed
through a packed bed of a silver ion-carrying resin
shall be 50°C or lower and preferably be 40°C or lower.

It is the most preferable to pass the liquid at about

40°C. As described above, when the temperature of the
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passing liquid exceeds 50°C, an active site (ion
exchange group) of a resin and silver ion carried
thereon are leached out more rapidly. A method
according to the present invention employs a resin

5 having a high adsofption rate, and accordingly
effectively makes use of carried silver ion even at a
low temperature of 50°C or lower, and particularly

about 40°C in the treatment.

A method according to the present invention also
10 has advantages of having a large removal capacity
until the adsorption for an iodide compound reaches a
breakthrough point and discharging a small amount of
silver ion into the organic acid during treatﬁent,
which will be described later. The reason is
15 considered such that while silver ion which had been
carried on a resin but has temporarily been released
into a liquid caused by solid-liquid equilibrium or
the decomposition of the active site is again
adsorbed by an ion éxchandge group of an acid form in
20 a downstream side, the resin employed in the present
invention has a large outer surface area because of
having a small size, and rapidly re-adsorbs thg
silver ion.
EXAMPLES
25 (1) Preparation of édsorbent
Cation-exchange resins A to F shown below were

prepared, and were used as base resins for preparing



216 28.4 3 A 0.68 24 50 60 264 34.7 4 B 0.55 24 50 40 456 55.6 5 C

0.42

WO 2008/038446 PCT/IP2007/063513

10

15

20

25

i5

an adsorbent.

A. Cation-exchange resin Amberlyst 15 made by
Rohm and Haas Company (with average particle size of
0.68 mm and average pore size of 24 nm)

B. The above-described Amberlyst 15 of which the
average particle size was adjusted into 0.55 mm by
screening

C. Newly synthesized particulate cation-exchange
resin by the present inventors (with average particle |
size of 0.42 mm and average pore size of 24 nm)

D. Newly synthesized particulate cation-exchange
resin by the present inventors (with average particle
size of 0.36 mm and average pore size of.24 nm)

E. Cétion-exchange resin DIAION RCP160M (with
average pore size of 10 nm) made by Mitsubishi
Chemical Corporation, of which the average particle
size was adjusted into 0.52 mm by screening

F. Amberlyst XH2071 (with average pore size of
30 nm} of which the average particle size was
adjusted. into 0.52 mm by screening

An adsorbent was prepared by making the above
described resins A to ¥ carxry silver ion so as to
have a predetermined silver substitutiﬁn fate (30 to
90%) with respect to the total ion-exchange capacity
of the above each resin.

(2) Flow test

In each flow test., an adsorbent in an amount of



24 50 40 552 72.5 6 D 0.36 24 50 40 552 72.6 7 E 0.52 10 50 40 312

41.0

WO 2008/038446 PCT/JIP2007/063513

io

15

20

16

5 mL prepared in the above described item (1) was
filled in a column (10 mm$ x 100 mmH), and acetic
acid containing 25 ppm decyl iodide (C, H,;I) was
passed through the column at a flowing rate of 60
mL/hour (LHSV=12). At this time, the inner
temperature of an adsorption column was controlled by
circulating warm water into the adjacent jacket
outside the column. The concentration of decyl iodide
in thg effluent from the adsorption column was
measured by a gas chromatography installed with an
electron capture detector (ECD-GC), and_a period of
time until the concentration reaches 10 ppb was
determined to be breakthrough time. In addition, an
amount (by mole) of adsorbed decyl iodide was
determined from a volume‘of a liquid passed through
until the resin reachesbthe breakpdint, and the ratio
of the adsorbed amount with respect to the amount (by
mole) of carried silver ion was determined to be a
silver utilization (%).

(2) Result

The result of a f£flow test is shown in Table 2.
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[Table 2]
Aver- | Aver- | Silver |Temper-| Break-
Silwver
age age |[substi-| ature |[through
utili-
RUN | Base {parti-| pore | tution of time
zation
NO. |resin| cle size rate |passing
size liquid
%
mm nm % °cC hr
1{ A |0.68 | 24 50 40 144 18.9
2 A 0.68 24 - 50 50 216 28.4
3 A 0.68 24 50 60 264 34.7
4 B 0.55 24 50 40 456 55.6
5 C 0.42 24 50 40 552 72.5
6 D 0.36 24 50 40 552 72.6
7 E 0.52 10 50 40 312 41.0
8 F 0.52 30 50 40 288 -37.9
.9 C 0.42 24 30 40 216 45.0
10 C 0.42 24 40 40 360 59.2
11 c 0.-42 24 70 . 40 720 67.6
12 C. 0.42 24 90 40 840 61.3

The result of the above described test 1 (RUN NO.
1) to 3 are shown in FIG. 1. Numeric values noted
5 upside the plotted data are run numbers. It is
* understood from FIG. 1 that when an adsorbent based
on a resin with a normal average barticle size is

used for the test, a breakthrough time and a silver
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utilization depend on a temperature of a passing

liquid} and when the temperature of the passing

liquid is 50°C or lower (tests 1 to 2), the silver

utilization is less than 30% at the breakthrough
5 point.

The result of the above described tests 4 to 6
and the test 1 are shown in FIG. 2. Numeric values
noted upside the plotted data are run numbers. It is
understood from FIG. 2 that when conditions other

10 than the adsorbent size are the same, the
breakthrough time and the silver utilization are
largely  increased by reducing an average size of
resin particles. It is also understood that the
silver utilization in the resin with the average

15 particle size of 0.68 mm is greatly different from
tﬁat of 0.55. mm, and that when the resin has an
average particle size of 0.6 mm or smaller, the
silver utilization is about 40% or more.

- The result of the above described tesf 4 andlthe

20 tests 7 to 8 are shown in FIG. 3. Numeric values
noted upside the plotted data are run numbers. It is
understood from FIG. 3 that when conditions other
than the pore size are aﬁproximately the same, resins
with a too large average pore size {30 nm) and a too

25 small average pore size (10 nm) give degraded
breakthrough time and silver utilization. It is also

understood that when the resin has the average pore



5 upside the plotted data are run nunbers. It is understood fromFIG
1 that when an adsorbent based on a resin with a normal average
particle sWHR080386d for the test, a breakthrough ti nePGHEP200786359&r
WD 2008/ 038146PCT/ JP2007/ 063513 18 utiligati on depend on a
tenperature of a passing liquid, and when the tenperature of the
passing liquid is 50C or |ower (tests 1to 2), the silver utilization
is less than 30% at the breakthrough 5 point. The result of the
above described tests 4 to 6 and the test 1 are shown in FIG 2.
Numeri c val uesi Aot B¢l AIpsakige te Db Otd edlg dak ai wrparthculaber shelt is
understood fromFIG 2 that when conditions other 10 than the

adsor bent si zeibhrer tiei Sbhaetidcmeibr adohr 50Yhorimerand t he sil ver
utilization are Iargﬁsy i ncreased by reduci ng an_average size of

resin particles. r@l%%rﬂfer@t%cﬂi’%%@%%@ﬁ%éﬁe%ﬁ i1 %24 i in
the resin with the vera particle s of O. y
different froh?¥Hat oifo 09§563Fr‘?n %éﬂ‘ﬂntﬁﬁtbﬁﬁénit h ur[%esq v z‘ﬁagi“g%é
average parti i e I i zpdi is
about a0bior ered Wi Ee Cob TPLQELBHRALEL abBlesh MERLUEDL,%EE ¥

20 tests 7 touRasFrStSb@Wrdh FtG& 3. thufeai sivebuesthbiedtiipai de t he
plotted data are run nunbers. It is understood fromFI G 3 that when

condi tions ot merédses tatoporeithzthar dnappassi aht al ?ilﬁ@rsama
resins wwth a too | arge average pore size éBO nm and a %o 25 smal

average pore %‘FQ%‘Z%T@’C%@F} Hrte BefPrecEsr edkVRT oﬁ'@hsFFF’é Eatel EF‘It?er

til t de od _t
aver age pore TSRS BO0E DsaRbCTORoOuT DR Ly 165LiET BoRBRakiEy |
to 28 NMjig PRELECHEEE  atber Sth¥eE1 Wbk §abb€ﬂthﬁlaﬂ0tlht50%aar mor e.

exceeded 60%.

This application claims the benefit of Japanese
Patent Application No. 2006-258437, filed September
25, 2006, which is incorporated by reference herein

i5 in its entirety.



The result of the above described test 5 and the tests 9 to 12 are
shown in FIG 4. Nuneric values 5 noted upside the plotted data are
run nunbers. It is understood fromFI G 4 that a silver utilization
increases along with the increase of a silver substitution rate
before the silver substitution rate reaches 50% but the silver
utilization contrarily 10 decreases afteé the silver substitution
rate has exceeded 60% This applic Pion clains the benefit of
Japanese Patent Application No. 2006-258437, filed Septenber 25,
2006, which is incorporated by reference herein 15 in its entirety.
20 CLAI M5 1. A nethod for adsorbing and renoving an iodide
conpound from an organic acid containiEgAiﬁﬁ 5 i odi de conpound as an
impurity by passing the organic acid through a packed bed of a
cation-exchange resin having silver ion carried thereon at 50C or
| ower, wherein the iodide conpound conprises decyl iodide, the
cation-exchange resifn i s g gREROROFOFS1EYPRHIES dhdMAdhAN Y @hage
particle size of 0.3 to 0.6 mmand an 10 average pore size of 15 to
28 nm and sil vépdsdbstrmpoesdfbromian coBis it adial amibad ndindeshe
2. The method ageQidindohBoGhd! 48 Lan WIRLEL S Y YUnG 38T oFanic
acid through a packed bed of a cation-exchange resin

having silver ion carried thereon at 50°C or lower,
wherein the iodide compound comprises decyl iodide,
the cation-exchange resin is a macroporous-type resin
with an average particle size of 0.3 to 0.6 mm and an

10 average pore size of 15 to 28 nm, and silver substitutes

for 40 to 60% of the active sites.

2. The method according to claim 1, wherein
the organic acid is acetic acid.

15



