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SPECIFICAf%EN TI TLE OF THE | NVENTI ON PRODUCTI ON PROCESS FOR REFI NED
HYDROGEN | ODI DE BACKGROUND OF THE-I NVENTION 1. Field of the Invention ngzlwvvf
present invention relates to.a production process for hydrogen iodide,
specifital-fFy to a process in which iodine of a raw.naterjal is efficiently
reacted to obtain crude hydrogen, i odide at a good yield, and then the crude
hydrogen iodide is refined to prioduce high purity hydrogen iodide. Hydrogen
i odide is-used as a synthetic raw material for various iodides, nedical
i nternmedi ates or a reducing agent. Further, in recent years, it S
specially spotlighted as an etchi ng agegpetoracaefpgonductor field and is
an industrially useful substance. Hydrogen halides are wdely utilized as
the etching agent. Anong them hydrogen iodide is paid attention in terns
of the high etching performance thereof. The process of the present
invention is used, for exanple, f{OTLEODFaTHE NINVENTIONENn iodide used
in a sem conductor production field. 2. Description of the Related Art

: PRODUCTION PROCESS FOR REFINED HYDROGEN IODIDE

BACKGROUND OF THE INVENTION
1. Field of the Invention

The present invention relates to a production process
for hydrogen iodide, more specifically to a process in which
iodine of a faw material is efficiently reacted to obtain
crude hydrogen iodide at a good yield, and then the érude
hydrogen iodide is refined to p:oddce high purity hydrogen
iodide.’

Hyd:ogen iodide is used as a synthetic raw material for
various iodides, medical intermediates or a'reducing agent.'
Further, in recent years, it is specially spotlighted as an
etching agent in é semiconductor field and is an
industrially useful substance. Hydrogen halides are widely
utilized as the etching agent. Among them, hydrogen iodide
ié paid attention in terms of the high etching performance
thereof.

The process of the present invention is usegi, for
example, for obtﬁining. hydrogen iodide uéed in a

semiconductor production field.

'2.'Descrigpion of the Related Art
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-2- In recent years, it is particularly recognized in a sem conductor field
t hatz hydrogen i odide is a substance having a very good etchi ng performance.
Hydrogen iodide to be used in such field is required to have a purity as
high as 99.99 to 99.999 and to have no possibility of containing phosphorus
and sul fur unlike reagents for ordinary cheyical reactions. Conventional
synt heti c nethods of hydrogen iodide are disclosed in Mellors Conprehensive
Treati se on Inorganic and Theoretical Chem stry, Supplenment 2, Part 1
edited by J. W Mellor, p. 170 (1960), published by Longmans Co., Ltd.

Among them however rpa FEidIAY Jdaid CbtPEQ?@&%‘i%tﬂraﬂypr&Rg&Hiﬁe&oﬁﬁoﬁnd

Is used as a reduci ng agent to convert iodine to hydrogen i1odide has the

possi bility th¥eniktdnduesRhor e XPMPREEI Hylirdgesd iddidé REOd!Chubsténede
met hod in which iodine is reduced with hydrogen sulfide in the presence of

water has a defestinghat varyOjosd &€diting pedfortrdinealsdydrogenmivdide to

reaction system In addition to the above nethods, available are a nethod
of reducing i othenaised Ahospehnifiead dsorequlirad doohade- aaparisysasnhigh S.
Patent 4, 089,940) and a nmethod in which iodine is hydrogenated in the
presence of rhadi 96.88 toi 29 u99%santd o heaovmt aloy poseibpidtycoPacontaining
Publ i cati on No. 54-43480). However, every nethod enpl oys an agueous

reacti on syst ephosphorusr shdrsubfuptunkike izeagenty foa prdinary chemical

reactions.

Conventional synthetic methods of hydrogen iodide are
disclosed in Mellors Comprehensive Treatise on Inorganic. and
Theoretical Chemistry, Supplement 2, Part 1 edited by J. W.
Mellor, p. 170 (1960), published by Longmans Co., Ltd. Among
them, however, a method in which phosphorus or a phosphorus
compound‘is used as a reducing agent to convert iodine to
'hydrogen iodide has the possibility-that the phosphorus
compouhd is mixed in the product, and a method in which

_ iodine is reduced with hydrogen sulfide in the presence of
water has a defect that a lot of water is mixed because of
an agueous reaction 5ystem. ' |

In addition to the above methods, available are a.
method of reducing iodine in phosphinic acid or sulfur
dioxide-water systém (U. S. éatent 4,089,940) and a method
in which iodine is hydrogenated in the ﬁresence of rhodium
or iridium used as a catalyst (Japanese Patent Publication
No. 54-43480') . However, every me'fhod employs an agueous

reaction system, and therefore a lot of water is mixed in



-3- a hydrogen iodide gas. In a non-aqueous reaction systemin which a

pl atj num catal yst is used to hydrogenate catalytically iodine (E. R Caley,
M G Burforal, Inorganic Synthesis Vol. 1, p. 159 (1939), and the
precedi ng publication edited by J. W Mllor), the reaction tenperature is
as high as 300 to 500[err]C. In additiqn 4 hereto, this nmethod has a
defect that the reaction is slow and the conversion rate to hydrogen i odide
and the yield thereof are low, and therefore it is not so suitable as an

i ndustrial production process for hydrogen iodide. On the other hand, a

process for ingﬁﬁgagahéx_ B&&ﬂg&i Ni g LR & @r(%g%e&eh%@i% b%ltﬁﬁeina

process in whi eisre W th organic uci ng agents.
literature in yhiseh a pro gﬁfeiﬁe,a pea%q hygg ogaseldodile h%i'a enate
organic redUC|ng agents such et rahydr onapht hal ene 1's dlsclosed

i ncl udes, for @a%&&&rﬁcgng ibeihayE. hnoca Kc MY @.heaggovalll, echbygaNet.
Vi, p. 180 (1963) escribed that in this process i odine is added

1/37 times s9mtheb@8S Voqui X3l eplt 188 t eL938Ydr oan@ht bhéenpraeteding

200[ err]C or higher to react with tetrahydronapht hal ene, whereby hydrogen

i odi de can be pubpicetish aeditled ofby0 ¥ W. Mellor), the reaction
temperature is as high as 300 to 500°C. 'In addition
thereto, this method has a defect that the reaction is slow
and the conversion rate to hydrogen iodide and the yield
thereof are low, and theiefore it is not so suitable as an
industrial production process for hydrogen iodide.

On the other hand, a process for industrially producing

| high purity hydrogen iodide includes a process in which
iodine i;'reduced with organic reducing agents.

A literature in which a process for producihg hydrogen
iodide with organic reducing jagents such as
tétrahydronaphthalene is disclosed includes, for example,
C. J. Hoffman, Inérganic Syntheses Collective Vol. VII, p.
180 (1963). It is described that in this process iodine
is added 1/37 times as less equivaient as
tetr_ahydrona’phthalene at 200°C or higher to react with
tetrahydronaphthalene, whereby hydrogen iodide can be
prepared at a yield of 90 %.

However, according to researches méde by the present
inventors, this process involves some problems. That is,

since a lot of iodine vapor besides hydrogen iodide 1is



However, according to researches nade by the present inventors, this
process involves sonme problens. That is, since a |lot of iodine vapor

besi des hydrogen iodide is -4- generated fromthe liquid during the
reaction, iodine of the raw material is not only liable to be |ost but al so
iodine is mxed in the resulting hydrogen _iqdide to.reduce the purity of
the product, and in view of the industrial 3Toduction facilities, the

| arge-scaled treating facilities for preventing a harnful iodine vapor from
diffusing to the outside of the systemare required to be installed.

cont rol the amofarearead saifhd 144898 Bhfing the ineebutlin; TodirllbE, e

liquid, so that r?@%&téﬁié‘l PESShGE ConigklidBie L6 BEALSSL b E1E8Y 0dfhe

generate a | ot of hydrogen iodide for short tinme. Further, since

over excessive tegr alxaaonaphihal easul €1iHge hydirdgeit Siaside!CRot i "EnESs
I odine, a waste liquid containing a | ot of unreacted tetrahydronaphthal ene

remains after tﬁ&riﬁﬁﬁdﬂ)nthe Tpwddust, ORing ainarview @f othéf industrial
t et rahydronapht hal ene is consuned in this process, and a vol une efficiency
is very poor angrofectioni faciliftiddiertheslarge-scaled tesating fagilities
cont ai ni ng unr eact ed _
for preventing a harmful iodine vapor from diffusing to the
outside of #he system are required to be installed.
Further, in this reaction vapor is generated and it is
very difficult to control the émdunt of a hydrogen iodide
gas generating from the reaction liquid, so that there is
a possible risk that the reaction runs away to generate a
lot of .hydrogen iodide for short time.
Fuéfher, since overexcessive tetrahydronaphthalene is
" used 37 times as much equivalent as iodine, a waste liquid
contaiﬂing a lot of unreacted tetrahydrdnaphthalene remains
after the reaction. That is, only a part of a lot of
tetrahydronaphthalene is consumed in this process, and a
vblﬂme efficiency is very poor and uneconomical. Further,
since a waste ligquiad containing unreacted
tetrahydronaphthalene is inevitably required to be treated,
it is difficult to employ the process as it is as a process
for producing hydrogen iodide industrially.
Even if these problems would be solved,. resulting

hydrogen iodide is usually crude hydrogen iodide containing

at least about 0.5 % of impurities such as water and organic



t et rahydronaphthal ene is inevitably required to be treated, .it is difficult
to enploy the process as it is as a process for produci ng hydrogen iodide

i ndustrially. Even if these problens would be solved, resulting hydrogen

i odide is usually crude hydrogen iodide containing at |east about 0.5 % of
I mpurities such as water and organic corgponents and is inadequate for
using in a semconductor field. Accordingly, 7t has to be refined
furthernore. However, techniques for renoving inpurities contained in

hydr ogen i odi de to obtain hydrogen iodide having a high purity have not

peen o Sl Vo M 5 TR 9 CHARLBndgeh "
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a nordenite type Zeﬁbh%@e%?bk&&%ﬁggﬁgscfbfiH&h&@ﬂn?{ﬁ??ﬂ?ﬂ%%%é”c&htéined

Patent 4,557,921, a refining ne of silicon te uor i I'n which
a nordenite type RgakbhBni $odSAd t6 HBERYAR hylH6géhcfodi@d RE&vihgf 8Mhigh
di oxi de and hydrogen halides; in Japanese Patent Laid-Qpen No. 3-29003, a
refining nmethoguefityi haeennbydbeda, khownhathadl Sdpt ¥penswolite is used to
renmove inpurities such

' With respect to a method of refining gas other than

hydrogen iodide, for example, only the following'methods are
disclosed. | |

That is, there are disclosed in Japanese Patent Laid-
Open ﬁo. 614209902, a method in which nitrogen contained in
hydrogen is removed with a mordenite type zeolite subjected
to calcium ion t:eatment; in U. S. Patent 4,557,921, a
refining‘ method of silicon tetrafluoride,‘ in which a
mordenite type zeolite is used to remove impurities such as
sulfur dioxide and hydrogen halides; in Japanese Patent
Laid-Open No. 3-29003, a refining method of silicon hydride,
in which a SA type zeolite is used to remove impurities such
as phosphines; in U. S. Patent 5,051,117, a method of
reﬁoving halosilanes contained in hydrogen with a zeolite:;
in Japanese Patent Laid-Open No. 4-330916, a method in which
a synthetic zeolite subjected to hydrophobicity treatment
is used to remove organic componehts contéined in air: and'
in Japanese\Patent Laid-Open No. 6-32601, a refining method
‘of hydrogen bromide, in which a zeolite is used fo remove

impurities such as carbon dioxide, hydrogen  chloride,



as phosphines; in U S. Patent 5,051,117, a nmethod of renoving hal osil anes
contained in hydrogen with a zeolite; in Japanese Patent Laid-Open No.

4- 330916, a nethod in which a synthetic zeolite subjected to hydrophobicity
treatment is used to renpbve organi c conponents contained in air: and in
Japanese Patent Laid-Open No. 6-32601, q_kgfinihg met hod of hydrogen
bromide, in which a zeolite is used to rertbve inpurities such as carbon

di oxi de, hydrogen chlori de. oxygen, and nitrogen. SUMVARY OF THE

| NVENTI ON The present invention provides not only a process free of the

defects in the_conventignal  processes descri bed above in produci ng hydrogen
| odi de, but aP?gggnprgggsgiFﬁoﬁﬁﬁéh I mpurities contained in hydrogen iodide
are renoved to be_u_seful_ins \,C pdgﬁho&N§h ofnd which is industrially
sui tabl e for obtaining high - I ntensive

investigations madgy, yegaﬁeﬂeefﬁo&?t edﬁ{}%&;ﬁ}% HAL o1y ACPrBY¥BsE free

subj ects desecri bed abo ave result g that 't IS very effective

to carry out Lethgafdsddsihl nabrieereiindll Picesties BbSEF be@NhbYve
i odine to tetrahydronapht hal ene instead of reacting with heating a m xed

liquid or a syspepdadcingUngabgendiiodide] iy alsl o afddessnin akhight he
case with the conventi onal

- impurities contained in hydrogen iodide are removed to be
useful in a semiconductor field and which is industrially
suitable for obtaining high purity hydrogen iodide.

Intensive iﬁvestigations made by the present inventors
in order to achieve the subjects described above have_
resulted in finding that it is very éffective to carry out
the reaction while adding cbntinuously or intermittently
iodine té tetrahydronaphthalene instead of reacting with
heating a mixed liquid or a suspended liquid of iodine and
tetrahydronaphthalene as is the case with the conventional
processes described above, and further that the reaction
goes on almost in the same way even when not only
tetrahydronaphthalene but also other hydrogenated
naphthalene are used. |
In addition, it has been found that when iodine is -

added again to the reaction liquid'after_the preceding
reaction, hydiogen iodide corresponding to the amount of
iodine added is produced.

Further, it has been found that almost all amount of

tetrahydronaphthalene initially charged can be effectively
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processes described above, and further that the reaction goes on alnost in
t he,same way even when not only tetrahydronaphthal ene but al so ot her
hydr ogenat ed napht hal ene are used. In addition, it has been found that when
iodine is added again to the reaction liquid after the preceding reaction,
hydrogen i odi de corresponding to the amoung of iodine added is produced.
Further, it has been found that al nost all anount of tetrahydronaphthal ene
initially charged can be effectively used for produci ng hydrogen i odide
wi t hout reducing the purity and the yield of resulting hydrogen iodide even

when the operagséd #88CPRUMLANRRY Chy8ro§eRatiddideYwithost i pelileifig Bthe
manner, Al so, it has been found that when thus produced hydrogen i odide

contai ni ng i nppiriteandaiRy ydeldbgaresuleiRgnrpdsogenhicdide even when
t et r ahydr onapht hal ene and napht hal ene as main inpurities) is contacted with

a zeolite in atlyasgmeiratiives desgdrdbet aboviecs sarepedtedmany ctimee|in othé he
zeolite. Further, it has been found that since contacting a zeolite with
hydrogen i odi semeaumasexo reduce sul fur conponents contained in the
zeolite to hydrogen sulfide, which is mxed in hydrogen iodide as an
impurity, treating Also, it has been found that when thus produced
hydrogen iodide containing impurities (water and organic.
components.such as tetrahydronaphthalene and naphthalene as
main impurities) is contacted with a zeolite in a gaseous
phase, the impurities are adsorbed very well on the zeolite.
Further, it has been found that since cbntacting.a
zeolite with 'hydrogen iodide causes to redﬁce sulfur
' components contained in the zeolite to hydrogen sulfide,
which is-mixed in hydrogen iodide as an impurity, treating
the zeolite in advance with hydrogen iodide leads to remove
the sulfur.
It has been found that the integration of a series of
these operations enables to pro§ide high purity hydrogen
| iodidé with ease and at high efficiency. Thus, the present
inveﬁtion has come to be completed.
That is, the present invention is characterized in that
crude hydrogen iodide obtained by feducing ipdine with a
hydrogenated naphthalene is contacted ;ith_a zeolite in a
gaseous phase to produce high purity hydrogen iodide.

When this process is used, hydrogen iodide of a

. required amount can readily be obtained at a required time
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the zeolite in advance with hydrogen iodide |leads to renove the sulfur. It
has; been found that the integration of a series of these operations enables
to provide high purity hydrogen iodide with ease and at high efficiency.
Thus, the present invention has-cone to be conpleted. That is, the present
invention is characterized in that crude hydrogen iodide obtained by
reduci ng i odine with a hydrogenated naphfhéléne is contacted with a zeolite
in a gaseous phase to produce high purity hydrogen iodide. Wen this
process is used, hydrogen iodide of a required anmount can readily be

obtalned at o EUEhd IR 11 MeAOT0 UG 0 of Ler the
,Lquid and T's not At UAKAAS0US dbceid ol HbtaIRRL-L BOT LY ! S

Accordingly, it is‘reas I'S process Is dn Industri al

very preferabl d ' C ndta Egaggg{g&gQWQNigngﬁa ERRED

EMBODI MENTS F!v&%‘{%ffg‘?‘w&]ag%raog?ct? on l%"F]}hocgass of cry‘ée hydrogenéaﬁgi de

will be expl aidghonly’ 28k hatehea1E00 RScoPAKIEF, i1t AR redlsonatle to
say that this process is an industrially very preferable
production process.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

First of all, a production process of crude hydrogen
iodide will be explained.

In general; when iodine is added -in one lot to a
hydrogenated naphthalene such as tetrahydronaphthalene in
producing hydrogen iodide by reducing iodine, a vapor of
iodine i’s generated from the reaction 1liquid in large
quantities ﬁhile a hydrogen iodide gas is. violehtly
genefated from the reaction liéuid. This phenomenon takes
place almost similarly when a hydrogenated naphthalene is
added to iodine or when the hydrogenated naphthalene is
added to a solution or suspended liquid containing a lot of
iodine.

Howevef, in the case where iodine or a iodine solution
in a hydrpgenated naphthélene is continuocusly or
intermittentlx added to é hydrogenated naphthalene and the
reaction is initiated almost at the same time as this
addition as is the case with the process of the present

invention described below, iodine added is very rapidly



hydr ogenat ed napht hal ene such as tetrahydronaphthal ene in producing
hydr.ogen i odi de by reducing iodine, a vapor of iodine is generated fromthe
reaction liquid in large quantities while a hydrogen iodide gas is
violently generated fromthe reaction liquid. This phenonenon takes pl ace
al nost simlarly when a hydrogenat ed napht hal ene is added to iodi ne or when
t he hydrogenat ed napht hal ene i s added to a?sol ution or suspended |iquid
containing a |lot of iodine. However, in the case where iodine or a iodine
solution in a hydrogenated naphthalene is continuously or

T A o2 R ISR B U R T
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napht hal ene, hygrQaeh WadinfehRaKya8ogeRatBdPaphihaPEnEE YRS Alafagood
yi el d. The hydrogenated napht hal ene used in the process of the present

invention is ahavhad ol ORLdiR\VDWEL By Stdn BelrProducdd Gt a good yield.

The hydrogenated naphthalene used in the process of the
| present invention is a substance having a structure in which
2 or 4 hydrogen atoms are added to naphthalene and, to be
cohcrete, includes tetrahydronaphthalene _and
dihydronaphthalene. They may be used singly or in-
combination of two kinds. Here, tetrahydronaphthalene is
a  substance called tetralin or 1,2,3,4-
tetrahyd;onaphthalene. Dihydronaphthalene includes the
substances in which hydrogens are added to a 1~ and 2-
positions and 1- and 4-positions. Every one may be used in
the present invention and provides sufficiently good
results.

'In the process of the present invention, among the
substances described above, tetrahydronaphthalene is more
preferably used and gives the very notable effects that it
is not only easy to control a progress of the reaction by
temperature but also a loss of iodine can be reduced.very
much with obtaining high.purity hydrogen iodide at a good
yieid.

An amount of the hydrogenated naphthalene used in the



2 or 4 hydrogen atons are added to naphthal ene and, to be concrete,

i ncl udes t et rahydr onapht hal ene and di hydr onapht hal ene. They may
be wused singly or in conbination of two kinds. Here,
t et rahydronapht hal ene is a subst ance cal l ed tetralin or

1, 2, 3,4- tetrahydronapht hal ene. D hydr ongghthal ene incl udes the

subst ances in which hydrogens are added to a 1- and 2- -positions and 1- and
4-positions. Every one nmay be used in the present invention and provides
sufficiently good results. In the process of the present invention, anong

the substancespdgeessbet che\redarit dntwdinyizwidlebe an eguevalaher ey
used and gives the very notable effects that it is not only easy to control

a progress of bie narct réTativé enperidire bused! fora thessreactodhne cThebe
reduced very much with obtaining high purity hydrogen iodide at a good
yi el d. An anouamouahtt lf e gthanednnaguivalent utimei ast mot prefeérred
process of the present invention will be an equivalent tinme or nore
rel ative to iosinseusuncdagtatdeipndinei cis lizhdearfunbeofpresgnt hdm aphe
equivalent tinme is not preferred since unreacted iodine is liable to be
present in thehydrogenated naphthalene in the course of the reaction and
iodine vapor as well as hydrogen iodide is possibly
generated. When the hydrogenated naphthalene is used in
relatively large quantity, no problems are involved in
achieving the objects.
In the production process of the present invention, the
reaction is carried out while adding iodine to the
hydrogenated naphthalene. The reaction. pressure can .
suitablj:be selected without being specifically restricted.
Usually, ordinary pressures afe used in many.cases because
of an easier operation. Thé reaction temperature falls in
a range of 120°C to the boiling point of the reaction liquid
(for examplé, about 210°C when tetrahydronaphthalene is
used), preferably 150°C to the boiling point of the reaction
liquid. In this case, a temperature of less than 120°C
retards a progress in the reaction, and when the reaction
is carried out at a temperature over a boiling point of the
reaction liquid, it is difficult to produce hydrogen iodide
under ordinary pressures. In addition, hydrogen iodide

obtained is liable to be contaminated with hydrogenated

naphthalene. At a temperature near the boiling point of the
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hydr ogenat ed napht hal ene in the course of the reaction and iodi ne vapor as
wel | as hydrogen iodide is possibly generated. \Wen the hydrogenated
napht hal ene is used in relatively large quantity, no problens are invol ved
in achieving the objects. In the production process of the present
invention, the reaction is carried out whijlhe adding iodine to the

hydr ogenat ed napht hal ene. . The reaction pressure can suitably be

sel ected without being specifically restricted. Usually, ordinary pressures
are used in nany cases because of an easier operation. The reaction

tenperature f ?%#%’é}[b‘ﬂiﬂg?g; Og%&o %og%agat&dt Hﬁpﬂ@hbi&ﬂe%ﬁﬁrﬁei om

reaction liqu exa rr] C when tetrahydronapht hal ene is

used), preferafly +aBbeibhC ifquil® DOl ! idMBiRIoN €b tOker sidUtdddluicE

In this case, a tenperature of less than 120[err]C retards a progress in

the reaction, pfode) idPideact TABskS call B swEticiertlgnBeparateqovy’ a
boiling point of the reaction liquid, it is difficult to produce hydrogen

i odi de under QiulhawglD+RAGWHEMethdds adsi tpassiny dregadting deixdd aigasd is
|iable to be contam nated with hydrogenated napht hal ene. At a tenperature
near the boil itlgrqugnta aolichecrap.reaction |iquid, the hydrogenated
napht hal ene vaporizes fromthe reaction liquid in addition to the
generation of In the process of the present invention, the
hydrogenated‘ naphthalene may be either continuously or
intermittenfly added to iodine. The adding rate thereof
depends largely on the amount and the kind of the
hydrogenated naphthalene used, a manner pf addition
' operation, a reaction temperature, a production amount of
hydrogen iodide and thé shape of a reactor, and can not
easily b; determined. Usually, the objects of thelpresent
invention can be achieved if the rate is such that the color
of a gaseous phase at the upper part of the reaction liduid
does not aséume a brown or purple coldr.

Further, in adding iodine to +the hydrogenated
naphthalene, iodine may be added in a solid form such as
powder, particle and flake, or it may be charged into the
liquid in a gaseous phase. .

After finishing the addition of iodine, the reaction
liquid is preferably left standing to ripen, whereby the
reaction is completed. The time needed for this ripening

depends on the temperature thereof and is not fixed.

~Usually, it is 10 minutes or more, preferably 1 hour or



hydr ogen i odi de. These can be sufficiently separated by such well-known
met hods as passing resulting m xed gas through a cold trap. In the process
of ‘the present invention, the hydrogenated napht hal ene nay be either
continuously or intermttently added to iodine. The adding rate thereof
depends largely on the anount and the ki ndy of the hydrogenated napht hal ene
used, a manner of addition operation, a reaction tenperature, a production
anount .of hydrogen iodide and the shape of a reactor, and can not easily be
determ ned. Usually, the objects of the present invention can be achi eved

if the rate igoselch thataddred VOMtHE M AtHY Scdih ases £y Hee danest of
the reaction liquid does not assune a brown or purple color. Further, in

addi ng i odi nen1y Gy e 1Bpeeogentims biepaiisal byeobseriing Nitye heeasitiohi n a
solid formsuch as powder, particle and flake, or it may be charged into
the liquid i nLq@bdecouThaasics, Ather ripenthgngarhdaddegandedfl asodelrngt he
reaction liquid is preferably left standing to ripen, whereby the reaction
is conpl et ed. coipléeted if edddown orhpurpleeaohgr debcthis reaction ciguid ur e
Lgﬁ; egl; and igisng;p;;:):(se d'argis ua:il.(lglineit ilss 1nOo ml%ﬁggesr Oralrtrnlgs?t’ Fgeer]:eextaa*gelg !

thereafter (Examples 1 to 6 and Cbmparative Examples 1 to

2). |

Next, in the process for producing crude hydrogen
iodide according to the present invention, after dissolving
all of iodine in advance in'a'part of the hydrogenated
naphthalene t§ prepare an iodine solution, the reaction is
carried out while adding the resulting solution to the

- balance of the hydrogenated naphthalene.

In this process, the reaction can.be cargied out under
tight sealing, énd therefore air can be prevented from
mixing and also iodine can be prevented from sticking to or
clogging a feed pipe to the rﬁactd:. Accordingly, this
process is preferred very much. The solution of iodine and
the hydrogenated naphthalene is saturated with iodine (20
weight %/20°C) or has a lower concentration.

In this case, a reaction pressure, a reaction
temperature, a manner of addition.of fhe solution of iodine
and the hydrogenated néphthalene and adding rate is the same
as is the case with'adding.the hydrogenated naphthalene to

iodine. And ripening of the reaction liquid is carried out
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- 12 - nore.

The degree of the ripening can easily be judged not only by

the | apse of tine but also by observing the reaction |iquid. That is,
ri pening can be regarded as being conpleted if a brown or purple color of
the reaction liquid disappears and iodine is no |onger al nost generated
thereafter (Exanples 1 to 6 and CorrparatlégExarrpl es 1 to 2). Next, int

process for producing crude hydrogen i odi

according to the present

i nvention, after dissolving all of iodine in advance in a part of the
hydr ogenat ed naphthalene to prepare an iodine solution, the reaction is

carried out
hydr ogenat ed n

wfya P?ﬂg t&%‘,{%mtl ng solution to the bal ance of the
al ene. I's process, the reaction can be carried o

under tight seal | NGy, Ia&%% fo&f\e an_.Eagetggnpr Cf@&@sd (A28 ﬂgXl <Mt

al so i odi ne can be preven

the reactor.
sol uti on of

ron1st I'ng to or gging a eed plpe to
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I ne and t he "hydrogenated naphthal ene is saturated with

t he

he

ut

i odi ne (20 wei vt 2D [Evidand 1irtds twd PtitNise dnddlandthe iddina ase, a
reaction pressure, a reaction tenperature, a manner of addition of the

sol uti on of

sane as is the case with addi ng the hydrogenated napht hal ene to i odine.
ri peni ng of thsoletixn.onThegutbleixeactioredsogarried out while adding the

solution to the other portion of the divided liquid and the
same operation is repeated in succession.

In this process, the 1liquid remaining after the
preceding reaction is divided into two portions in a weight
ratio falling in a range of (10 to 40) : (90 to 60), and the
smaller portion of the divided liquids is maintained at

temperatures of 120°C to a boiling point of the 1liquid

" (about 210°C), preferably 150°C to a boiling point of the

liquid (about 210°C). The reaction is carried out while
adding a iodine solution of about 20 to 40 weight %
(saturated solution or lower concentration) prepared by
dissolving iodine in the other larger portion to the small
portion described above. 1In this case, if the preceding
liquids were divided in a ratio out of the range described
above, the amount of iodine capable of | being dissolved
decreases to deteriorate the . productivity of hydrogen
iodide, and besides, it_becomes difficult to maintain the
temperature during the reaction.

In the process of the present invention, also when the

i i o et t ey hpdeogenatidbswmpportions atd gpidepare ate irsew he

And
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- 13 - in the same manner. Further, in the production process of the
present invention, a liquid remaining after the reaction described above .is
dividend into two portions, and another iodine is dissolved in one of these
portions to prepare a new solution. Then the reaction is carried out while
addi ng the solution to the other portion-fighe divided |iquid and the sanme
operation is repeated in succession. In this process, the liquid remaining
after the preceding reaction is divided into two portions in a weight ratio
falling in a range of (10 to 40) : (90 to 60), and the smaller portion of

t he divided |iuigisid scemainingcalftér t theecresactienoisl2épeatpflyo useadito ng .
point of the liquid (about 210[err]C), preferably 150[err]C to a boiling
poi nt of the |icarxy (awbuth@lpacticoh. mahye times, othe syteldi of dwdxndgere
addi ng a iodine solution of about 20 to 40 wei ght % (saturated solution or
| ower concent r siodide hased on bydine Aadded @ndbFhacpunitycthereet |argaery
portion to the small portion described above. In this case, if the

precedi ng | i quikRFekF o loweredd | and rakmestupldt eReuUREnRE (ydrosenatied e,

t he amount of i odine capabl e of bei ng dissolved de reasss io eteriorate
t he productivﬁt%aRﬂt cipitially charged can effectively be consumed

for producing hydrogen iodide (Examples 7 to 8).

Secondly, a refining process for crude hydrogen iodide
will be explained.

The kind of a zeolite'capable of being used for the
refining includes, for example, an A type and a mordenite
type. They include various forms such as powder, sphere and
pelletc and a zeolite of every form may be used.

A zeolite includes those which are commercially
available in the market as Molecular Sieves (trade name
manufactured by U. S. Union Carbide Co., Ltd.), and to give
the examples thereof, 3A, 4A and 5A of A types, and AW-300
of a mordenite type are commercialized. |

- In the process of the present invention, a zeolite is
required to be subjected to heat treatment at a temperature
falling in a range of 200 to 400°C to'actiéate it. In the
heat treatment, it is more effective to carry out it under
a reduced pressure. The zeolite after the heat treatment
has to be prevented from contacfing with air. Because after
this treatment the contact of the zeolite with air causes

the zeolite to absorb moisture and markedly damages an



| odi de, and besides, it becomes difficult to maintain the tenperature
during the reaction. In the process of the present invention, also when the
- 14 - liquid remaining after the reaction is repeatedly used to carry out
the reaction many tines, the yield of hydrogen iodi de based on iodi ne added
and the purity thereof are very rarely |owerdd -and al nost all anmount of
hydr ogenat ed naphthal ene initially charged can effectively be consuned for
produci ng -hydrogen iodide (Exanples 7 to 8).. Secondly, a refining process
for crude hydrogen iodide will be explained. The kind of a zeolite capable
of being used forabikiteftoiadsorte|ingsixrities conhainedadin hydrogend ivdide.
nordenite type. They include various fornms such as powder, sphere and

pel l et, and a zedUsually, cthe weoddhenafter thecheat Aweatmentdg dendledsdn

which are comrercially available in the market as Ml ecul ar Sieves (trade
name manuf act ur edalyinerts gamisuclcasinidregen |gag.), and to give the
exanpl es thereof, 3A, 4A and 5A of A types, and AW 300 of a nordenite type

are commercialized. |niRhehe rrrEining RIRCAsS Qi the, Praseqt iavesdiiions ithe

required to be sugégﬂ.ged tdoesQ:era:':[betdr eng%gt ; as&bejg)g‘éeaé urteo pretreatment,
wherein the zeolite is contacted in advance with crude
hydrogen iodide to convert impurities of sulfur components
contained in the zeolite to hydrogen sulfide, thereby
removing the sulfur components.

The contact of the zeolite with crude hydrogen iodide
alloﬁs sulfur components contained in the =zeolite to be
notablg reduced by a strong reducing strength of hydrogen

'iodide pérticularly at high temperatures of 50°C or highe;
to form hydrogen sulfide. ' The zeolite is preferably
subjected to pretreatment, wherein the zeolite is heafed to
50 to 500°C, preferably 80 to 200°C under a pressure of
ordinary bressure to 20 atmospheric pressure, and crude
hydrogen iodide is péssed through it in a flow rate falling
in a range of 300 to 1500 l.u:'1 in terms of a space velocity
based on the mixed gaé of ary nitrogen and crude hydrogen
iodide'(hefeinafter abbrgviated as SV) to Eemove sulfur
components contained in the zeolite in a ‘state of hydrogen
sulfide. It is suitable that the flow amount of hydrogen
iodide is 1/3 or more by weight, preferably 1/2'or more by

weight relative to the amount of the zeolite charged.



falling in a range of 200 to 400[err]C to activate it. |In the heat
treatnent, it is nore effective to carry out it under a reduced pressure.
The zeolite after the heat treatnent has to be prevented from contacting
with air. Because after this treatnent the contact of the zeolite with air
causes the zeolite to absorb noisture and pgrkedly danages an ability to
adsorb inpurities contained in hydrogen iodide. Usually, the zeolite after
the heat treatnment is handled in an inert gas such as nitrogen gas. In the
refini-ng process of the present invention, the zeolite described above is

subj ected to pretreﬁtﬂggg;amggﬁeithﬁelygob&b@ihgscqwgmadggﬂgk rgﬁégwth

crude hydrogen iodide to convert inpurities of sulfur conponents contal ned

in the zeoliterhg hydrfgen compbhéftst "eoRbain€dDINOthBe 886 UteCor@mRNAR! S.
The contact of the zeolite with crude hydrogen iodide allows sulfur

conponents cony@tRegti Beihg suEifictehtlipe remicvidldy (ExhmEsTedY9 atst 1PNtand
reduci ng strength of hydrogen iodide particularly at high tenperatures of

50[err] C or higbmpatetive nExampbecd) sul fide. The zeolite is preferably
subjected to pretreatnent, wherein the zeolite is heated to 50 to

500[ err] C, preferabThe 8fefindig|af riyirogan kodids sin ehe pratiess ohHressur e

to 20 at nospheric pressure, and crude ' -
present invention is not restricted to a specific system.
Usually, a tower or column packed with a zeolite is used,
and crude hydrogen iodide is passed through it in a gaseous
phase to carry out the refining.

~ In the refining process of the present invention, crude

hydrogen iodide is passed throughlthe_?eolite subjected to
the pretreatment described above, so that impurities such
as moisfﬁre and organic substances contained in crude
hydrogen iodide can sufficiently be removed.

In this process, a tower or a column pécked with the
zeolite is used. Operation is carriéd'out under a pressure
within a range of ordinary pressure to 20 atmospheric
pressure, at a temperature of -30°C to 100°C, preferably
-30°C to 50°C and .at SV of 300 to 1500 based on ‘the mixed
gas of dry nitrogen and crude hydrogen iodide. Temperatures
and pressuies outside the above range are not preferred,
because an effect to adsorb impurities with the zeolite is
reduced.

The use of the present invention can reduce impurities,

for example, moisture to 1 ppm or less by volume and organic



hydrogen iodide is passed through it in a flowrate falling in a range of
300 to 1500 hr[err] in terns of a space velocity based on the m xed gas of
dry nitrogen and crude hydrogen iodide (hereinafter abbreviated as SV) to
renove sul fur conponents contained in the zeolite in a state of hydrogen
sulfide: It is suitable that the flow anoud? ef hydrogen iodide is 1/3 or
nore by weight, preferably 1/2 or nore by weight relative to the anount of -
the zeolite charged. - 16 - A less amount than 1/3 provides the
possibility that the sul fur conponents contained in the zeolite remain
wi t hout bei ng Substanegs| For BpBvEEm(EXaAPBEsbY velwreand Conparative
Exanpl e 3). The refining_of hydrogen iodide in the process of the present
invention is not redtZpelddet é"ab?pm dss\prefRralthys 3y A typReczeeiite
col um packed with a zeolite is used,_ and crude g¥q%9 en_iodide is passed
Tl

through it in 93§§§80ﬁ§_$ﬂ%§%§?(9?§ﬁr%}Qﬂﬁt?Wu9ﬁ'_ | Rg3NPRTFAR, r BRdNFRY
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preferably, the A type zeolite having an average pore
diameter of 4 angstrom is used. The use thereof can reducé
moisture contained in refined_hydrogen iodide fo 0.1 ppm or
less by Qolume (Examples 14 to 17).

It is sufficieptly pqssible to reuse the zeolite used
as an adsorbing ageht by regenerating with well-known
methods such as thermal swing, pressure swing, purge gas
sfrippind and displacement after it is used to the break
point. Generally thermal swing cycle is emplbyed.

Fﬁrther, in the refining process of the present
invention, organic substances can be removed more preferably
by combining é_zeolite with an activated carbon, thereby
reducing the concentration of the organic substances
coﬁtained in refined hydrogen iodide tb 0.2 ppm or less.

The contact of activated carbon with hydrogen iodide
causes sulfur components contained in the activated carbon
to be reduced by a strong reducing strength of hydrogen
iodide to form hydrogen sulfide as is the case with zeolite.
Accordingly, activated carbon is subjected to pretreatment

which is effectuated by heating it at 50 to 500 C,



In this process, a tower or a colum packed with the zeolite is used.
Operation is carried out under a pressure within a range of ordinary
pressure to 20 atnospheric pressure, at a tenperature of -30[err]C to
100[err]C, preferably -30[err]C to 50[err]C and at SV of 300 to 1500[err]
based on the m xed gas of dry nitrogen and 1Ceru_de hydr ogen i odi de.
Tenperatures and pressures outside the above range are not preferred,
because an effect to adsorb inpurities with the zeolite is reduced. The use
of ‘the present invention can reduce inpurities, for exanple, noisture to 1

pom or 11ess by SELAGFaBIY! #2RbC 200-¢1 fnget DkAAGEEY OpBadstifl Oto! o2

by volune. A z e used is prefera typé zeolrte having an

average pore di JEFASEnd¥id 15&%@?&,8%:9&! pa_adihaehyagogw qokiGR" gﬁ%};@,

noi sture contained I'n refined hydrogen iodide "to pm or less

vol une. Mor e3 r £f es@bby . 300etd 1500 EeUl bhgeBavnN@he MkeEAGRAL S dry
di aneter of 4 angstromis used. The use thereof can reduce noisture

cont ai ned in rehifeshdry dangerciudl dhytitofedh Hpdide. esTHey yaltvablébeiow es

14 to 17). It is sufficiently possible to reuse the zeolite used as an

adsor bi ng agent aigunitegef ecamdachydtrogenr| iodkdenis 1/3 or more by weight,
more preferably 1/2 or more by weight based on the amount
of the activated carbon charged. The amount outside the
above range provides the possibility that the sulfur
components contained in the activated cafbon remain without
being sufficiently removed (Example 13).
| In the present invention, the operation is carried out
in the conditions described above, whereby impurities such
as mois;ure and organic substances contained in crude
hydrogen iodide can sufficiently be remcvéd, and a
- particularly notable effect to obtain hydrogen iodide having
a high purity is given.

Refined'hfdrogen iodide produced by the process of the
present invention is useful as a dry etching agent in the
field of electronic devices represented by semiconductors
and liquid crystals.

EXAMPLES

The present invention will be explained below in

cdnjundtion with examples and comparative examples. There

will be described, "the production process of crude hydrogen

iodide" in Examples 1 to 8 and Comparative Examples 1 and



>

met hods such as thernmal sw ng, pressure sw ng, purge gas stripping and

di spl acenent after it is used to the break point. Cenerally thermal sw ng
cycle is enployed. Further, in the refining process of the present

i nvention, organic substances can be renoved nore preferably, by conbining a
zeolite with an activated carbon, thereby reducing-the concentration of the
organi ¢ substances contained in refined hydrdgen-iodide to 0.2 ppmor |ess.
The contact of activated carbon with hydrogen iodide causes sul fur
conponents contained in the activated carbon to be reduced by a strong
reduci ng strength of hydrogen iodide to form hydrogen sulfide as is the
case with zeolite2, ARretreatmentaofi 3 meql it iponactivatpdccagben with crude
pretreatment which is effectuated by heatin it at 50 to 500 C
preferably 80 to BRI dodide” dnERAPHLeS & 3@ 43t AN CWMRARPHEFS Example
pressure, and passin ydrogen jodide through it at. SV of 300 to, 1500 .
hr[err] based on Qhegﬁgxedr An{Rg g BFIGeSSogRh P9 u é'dﬁ'?QPBgeho‘?b%?de.ln

mor e pref or abl y SRLER S B5P i g He TR FXhe amount of {he actvated
carpor charged The SEMLGM AL 9 (URLCGLIORE CARY.Sian’ e AU Y
The yield of hydrogen iodide is a value calculated based on
the amount of iodine newly used in the formation reaction
théreof._ .Detgrmined were moisture with a dew-point
hygrometer, organic componenfs with a high-performance
liquid chromatography (HPLC) and hydrogen sulfide with a gas
detecting tube, respectively.
| Examp{q 1
A flask 'of 500 ml was charged with
tetrahydronaphthalene of 100 g and héated to 210°C while
stirring. Flaky solid iodine of 20.0 g was continuously
- added thereto over a period of one hour while maintaining
the above temperature to react them. Gas generated as the
reaction went on was solidified by passing through cold
traps cooled to -30°C and -60°C or lower to obtain crude
hydrogen iodide. After finishing the addition of iodine,
the reaction liquid was left standing at 210°C for 15
minutes to ripen. The color of the reéction liguid which
had been purple.disappeared during that time, and it was
confirmed <that almost all amount of iodine had been

consumed. Crude hydrogen iodide of 19.7 g was obtained.



being sufficiently renoved (Exanple 13). In the present invention, the
operation is carried out in the conditions descri bed above, whereby

i mpurities such as noi sture and organi c substances contained in crude
hydrogen iodide can sufficiently be renoved, and a particularly
notabl e effect to obtain hydrogen iodide.hgging a high purity is given.

Refi ned hydrogen i odide produced by the process of the present invention is
useful as a dry etching agent in the field of electronic devices
represented by sem conductors and liquid crystals. EXAMPLES The present

invention will opg ﬁﬁﬂ%nﬂ%i@@é@wam 915 N6k e tdhd tNEdYee 18N Ehereost
conparati ve exanpl es ere will be described, "the producti1 on process of

crude hydrogenyagdddes $0 Drapesalist thérast svensaumiarizdd aneple and
- 19 - 2, "pretreatnment of a zeolite or activated carbon with crude '

hydrogen i odi dgkamplexamles 9 to 13 and Conparative Exanple 3, and
"refining process of crude hydrogen iodide" in Exanples 14 to 18,

respectively. Herei aafflask ©% 100 b} wasgbharged wpphfflakbysabidnéodihe

yi el d of hydrogen iodide is a value cal cul ated based on
of 20.0 g, and gaseous iodide was generated by heating at
120°C. A flask of 500 ml was charged with
tetrahydronaphthalene of 100 g and heated to 200°C while
stirring. The gaseous iodine was continuously introduced
thereinto over a period of 2 hours while maintaining the
above temperature to react them. Gas generated as the
reaction went on was solidified by passing through the cold
traps cooled to -30°C and -60°C or lower to obtain crude
hydrogen‘ icdide. After finishing the introduction of
iodine, the reaction liquid was left standing at 200°C for
15 minutes to ripen. Crude hydrogen iodide of 19.8 g was
obtained. The purity thereof was §9.5 % or more, and the
yield thereof was 98.0 %. The results thereof are summarized
in Table 1.
Example 3

The same operation that carried out in Example 1 was

repeated to obtain crude hydrogen iodide, except that the
reaction temperature and the ripening temperature of the
reaction liguid were ohanged to 200°C, respectively. The
amoﬁnt of the crude hydrogen iodide was 19.8 g. The purity

thereof was 99.5 % or more, and the yield thereof was 98.0



the amount of iodine newy used in the formation reaction thereof.
Determned were noisture with a dew point hygronmeter, organic
conponents with a high-performance |iquid chromatography (HPLC) and
hydrogen sulfide with a gas detecting tube, respectively. Exanple 1 A

fl ask of - 500 m was char ged W th tetrahydronaphthalene of 100 g
and heated to 210[err]C while stirring. Frak} solid iodine of 20.0 g was
continuously added thereto over a period of one hour while maintaining the
above tenperature to react them Gas generated as the reaction went on was
solidified by passing through cold traps cooled to -30[ err&C and -60[err]C
or lower to obta®n ¢ U&erﬁﬁﬁﬁﬁﬁeﬁhﬁﬁﬁpﬁearﬁf§EPmPFﬁF§ﬁ|ﬁ@ Ableddi-ti on of

i odi ne, the reactlon guid was.l eft standing at 210[err]C for 15 m nutes
to ripen. The coF#P™B et#e reaction liquid which had been purple

of "1 odi ne. had been coRSaEd. SeFtde H9RFBBerOF odPde00rd 1098 GHESBEYERnClD
5778 o0 oo e BRERE eI SeBRe e s O o SRR R84 Bk 465 my
at 40°C to prepare a tetrahydronaphthalene solution of
iodine. A flask of 500 ml was charged with
tetrahydronaphthalene of 100 g and heated to 200°C while
stirring. The iodine solution prepared above was
continuously added thereto over a period of 2 hourg‘while
maintaining the above temperature to react them. Gas
generated as the reaction wenf on was solidified by passing
through the cold traps cooled to -30°C and -60°C or lower
to 'obtain crude hydrogen iodide. After finishing the
addition of the iddine solution, the reaction liquid was
left standing at 200°C for 15 minutes to ripen. Crude
hydrogen iodide of 19.8 g was obtained. The purity thereof
was 99.5 % or more, and the yield thereof was 98.0 %. The
results thereof are summarized in Table 1.
- Example 5
- 'The same operation that was carried out in Example 1
was repeated to obtain crude hydrogen iodide, except that
solid iodine of 20.0 g was divided into five portions of
each 4.0 g and added intermittently five times. The amount
of the crude hydrogen iodide was 19.6 g. The puritj thereof

was 99.5 § or more, and the yield thereof was 97.2 %. The



A flask of 100 mMl was charged with flaky solid iodine of 20.0 g, and
gaseous i odi de was generated by heating at 120[err]C A flask -of 500
m was charged wth tetrahydronaphthal ene of 100 g and heated to
200[err]C while stirring. The gaseous iodine was continuously introduced
thereinto over a period of 2 hours while naimgaiLni ng the above tenperature
to react them (Gas generated as the reaction went on was solidified by
passi ng through the cold traps cooled to -30[err]C and -60[err]C or |ower
to obtain crude hydrogen i odi de. After finishing-the introduction of

i odi ne, the reacti oesultpithexecf| afe sumpatizedain20abkerlC for 15 ninutes
to ripen. Crude hydrogen iodide of 19.8 g was obtained. The purity thereof
was 99.5 %or nore, and the yield thereof was 98.0 % The results thereof
are sunnarizggF% T?EIe 1. Exanple 3 The same operation that carried out in
Exanple 1 was- B&a d to obtain crude hydrogen iodide, except that the
reaction tenperature and the ripening tenperature of the reaction |liquid
wer e changed To200ferTiC—TEsSpeCt T VET Yy~ The anount—of —The ctrudetydrogen

i odide was 19.8 g. The purity thereof—was—99.5 9% or pBX§mDIed the vield

thereof was 98.0 - 21 - 1 2 3 4 5
Tetrahydro- . (g) 100 100 100 200 100
naphthalene mole) O.76 0.76 0.76 1.52 __0.76
Iodine (g) 20 20 20 20 4x5

(mole) 0.079 0.079 0.079 0.079 0.079
Phase ' Solid Gas Solid Solution Solid
Addition manner Cont. Cont. Cont. Cont. Int.*
Reaction temperature (°C) 210 1200 200 200 210
Reaction time (hrs) .1 2 1 2 1
Hydrogen iodide
_Purity (%) ' 99.5 % or more

Yield (%) . 97.8 98.0 98.0 98.0 97.2
 Cont.: Continuously, Int.: Intermittently

*: 5 times

Example 6

The same operation that was carried out in Examplé 1
was repeated to obtain crude hydrdgen iodide, except that
tetrahydronaphthalene was repiaced with dihydronaphthalene.
The amount of the crude hydrogen iodide was 19.7 g. iThe
purity thereof was 99.5 % or more, and the yield thereof was
97.7 %. The results thereof are summarized'in Table 2.

Comparative Example 1



% The results thereof are summarized in Table 1. Exanple 4 Flaky solid

I odi.ne of 20.0 g was dissolved in tetrahydronapht hal ene of 100 g charged in
a flask of 500 ml at 40[err]C to prepare a tetrahydronaphthal ene sol ution
of i odine. A flask of 500 mM was charged wth

t et rahydronapht hal ene of 100 g and heated 449 200[err] C while stirring.

The iodine solution prepared above was continuously added thereto over
a period of 2 hours while naintaining the above tenperature to react them
Gas generated as the reaction went on was solidified by passing through the

cold traps cool ed _t%a%,g’?[ ?ﬁ#%a%‘”ﬁ? erd C 20.0 OWI ds ORiBddbIFafle in

hydr ogen i odi de. i ng t addition of the iodine solution, the

reaction i qui gepBsny@tinspRfiTkhélof QU Y bhargedlnh Hi &5k LOf 'S0 Ml
Crude hydrogeng?odld% 0 n%%.B g was obtaingg. T&g pur?ty thereof was 99.5 %

or nore, and tge weeld werp&;ﬁpaw 88 tetahylitonaphthal érleer 881 ueién of

summari zed i'n Table 1. Exanple 5 The sane operation that was carried out in
Exanpl e 1 was is@fs£d Mhiehtiiding usEldylsmoeasi hdiated axrepd rhatcsad d

iodine of 20.0 g was divided into five portions of each 4.0 g and added
internmttent| yréane themsfodhenanbour. of Resultingeghgdwagesolddiddaeddyl9. 6
g. The purity thereof was 99.5 %or nore, and the yield thereof was 97.2 %
The passing through the cold traps cooled at -30°C and -60°C or
lower to obtaihkcrude,hydrogen iodide. Gas genérated during
this reéction was purple, and iodine was observed to be
accompanied therewith. Further, iodine sticked to the
inside of a gas discharging tube, and clogging was apt to
take place. The amount of resulting crude hydrogen iodide
was 14.2 g. The purity thereof was 82.5 & or.more, and the
yield wa; 70.3 %. The results thereof are summarized in
Table 2.
Comparative Example 2
The same operation that was carried out in Example 4
was repeated to obtain crude hydrogen iodide, except that
instead of adding the iodine solution of 40°C to
tetrahydronaphthalene of 200°C, the latter kept at room
temperature was added intermittently by 1/10 portions to the
former ten times while maintaining 160-200 °C in contrast
with the above manner. During the reaction iodine was
observed to be accompanied therewith. Further, | iodine

sticked to the inside of a gas discharging tube and was apt

to clog the tube. The amount of resulting crude hydrogen



- 22 - results thereof are summarized in Table 1. [Table 1] Exanple 1

100
76

1

2 . 3 4 5 Tet rahydr o- (9) 100 100

200 100 naoht hal ene (nmole) 0.76 0.76 0.76 1.52 0.

| odi ne ' (9) 20 20 20 20 4x5 (ol e)
0.079 0.079 0.079 0.079 0.079 Phase ' i Solid
Gas. Solid Solution Solid Addition marffer Cont . Cont .
Cont . Cont. Int.* Reaction tenperature ([err]C 210 200 200
200 210 Reaction tine (hrs) 1 -2 1 . 2

(3 0" | °% Rodkia Nag .0 g (e migtsy chppept Wk S, T0F a0
Cont i ’ . . .. . :
Chat v carri 2B8ond| Gulnd Py 79.8 8 1P° ThATrEsG1EdR ERFGPCI L
I odi de, except?mr#%é&amq%g%?@ hal ene was replaced with

di hydr onapht hal ene. e anoun
purity thereofgygﬁpﬁg.ﬁ * or nore, and the yield thereof was

Flaky solid iodine of 40 g was dissolved in
tetrahydronaéhthalene of 160 g charged in a flask of 500 ml
~at 40°C to prepare a tetrahydronaphthalene solution of
iodine. A flask of 500 ml .was charged with
tetrahydronaphthalene of 40 g and heated to 200°C while
stirring. The iodine solution prepared above was
continuéusly added therefo over a period of 2 hours while
maintaining the above temperature to react them. Crude
hydrogen‘iodide gas generated as the reaction went on was
introduced into a 10 % sodium hydroxide agqueous solution of
1 liter to absorb the whole amount thereof. A weight change
in this aqueous solution was measured with the lapse of
time, and the end point of the first reaction was set at the
point ﬁﬁere thg change thereof was not observed. The yield
of the crude hydrogen iodide was 94.6 %, and the purity
thereof was 99.5 % or more. The concentrations of organic
components and water contained therein were 200 ppm and 30
ppm, respectively. The céncentrations of
tetrahjdronaphthalene and naphthalene contained in the
liquid remaining after the reaction were 94.1 % and 5.2 %,

respectiveiy. The results thereof are summarized in Table

on

the crude hydrogen iodide was 19.7 g. The



97.7 % The results thereof are summarized in Table 2. Conparative Exanple

1 - 23 - Flaky solid iodine of 20.0 g was dissolved in
t et rahydr onapht hal ene of 100 g charged in a flask of 500 mM at 40[err]C to
prepare a tetrahydronapht hal ene sol uti on of i odine. Thi s iodine solution

was heated up to 210[err]C to react themf one hour. Resulting gas was
solidified by passing through the cold tr"a%5 cooled at -30[err]C and
-60[err]C or lower to obtain crude hydrogen iodide. Gas generated during
this reaction was purple, and iodine was observed to be acconpani ed
t herew t h. Furt hey, . .iodipe sticked to the inside of a gas discharging
tube, and cl og lﬂféwg?gﬁﬁ ik)take pl ace. The anmount of resulting crude

hyd i odi d 2. Ih ' 9 h
[y 0o 00166, 5 e e B HoMoOBhSHLo Vil 0! U
Co ti EXx : ' [ t Lad ' 4
Comara | ve AT Tab S BELGL Ol BRbaiotoRti bR ablrs B S ¢

} Qtet iefdikge sol ytd SO0/ MY Sirdd- i pRirtdlond egaghthal ?%i%h@?%%fﬂ;%n@e
pt at roomtenperature was added intérmttently Dy 1 portions
to the smaller portion was maintained at 200°C; and a solution
prepared by adding new iodine of 40 g to the liquid of the
other large bortion was continuously added the small portion
over a period of 2 hours to react them. Resulting hydrogen
iodide. gas was treated in the same manner as in the first
reaction to determine the yield and measure the
concéntration of a liquid remaining after this second
reaction. The results thereof are summarized in Tablé 3.
Fur;her, the liquid remaining after the reactions was
étill used to repeat the operation in the same manner as
described above, and the third to eighth reactions were
carried out. The yields of crude hydrogen iodide thus
obtained and the concentrations of the liquids remaining
after the reactions are summarized in Table 3. |
Example 8
e The same operation that was carried out in Example 7
was repeated fo carry out the first to eighth reactions,
except that the :eadtion témperature was éhanged from 200°C
to 170°C (Table 2). The yields of resulting crude hydrogen

iodide and the concentrations of the liquids remaining after

> the reactions afe summarized in Table 3.



former ten tinmes while maintaining 160-200 [err]Cin contrast with the
above manner. During the reaction iodine was observed to be acconpani ed

t herew t h. Further, iodine sticked to the inside of a gas discharging
tube and was apt to clog.the tube. The anount of resulting crude hydrogen

- 24 - iodide was 16.0 g. The purity thereof was 85.5 % or nore, and the
yield was 79.4 % The results thereof are summarized in Table 2. Exanple-
7 Flaky solid iodine of 40. g was dissolved in tetrahydronaphthal ene
of 160 g charged in a flask of 500 ml at 40[err]C to prepare a

t et rahydr onapht hal ene sol ution of iodine, 26 - A flask of 500 m was
charged wth tetrahydronapht hal ene of 40 g and heated to 200[err]C while
stirring. The iodine solution prepared above was continuously added
thereto over a period of 2 hours while naintaining the above tenperature to
react them Fﬁﬂﬂdthydrogen i odi de gas generated as the reactlon went on

was | ntroduced A de S S =
ggﬁfaégjutlon
E_é____

g o
absorb the whol e anDunt thereof A melght change in thls a

was measured with the |apse of tinme, and themghd point of t

reaction was set at the 6 7 8 2
Tetrahydro-~ {g) - 200 200 100 _ 200
naphthalene (mole) - 1.52 1.52 0.76 1.52
Dihydro~ (g) 100 - - - -
naphthalene (mole) Q.77 - - - =
lodine (g) - 20 40 " 40 20 20

(mole) 0.079 0.16 0.16  0.079  0.079
Phase " Solid Solution Solution Solution Solution
Addition manner. cont. Cont. :gng. One lot Int.*
Reaction teémperature (°C) 210 200 170 210 160~200
Reaction time (hrs) 1 2 2 1 2
Hydrogen iodide
Buri %) 99.5 % or more 82.5 85.5
Yield (%) 97.7 94.6 97.5 70.3 79.4

Cont.: Continuously, Int: Intermittently
* 10 times



poi nt where the change thereof was not observed. The yield of the crude
hydr ogen i odide was 94.6 % and the purity thereof was 99.5 % or nore. The
concentrations of organic conponents and water contained therein were 200
ppm and 30 ppm respectively. The concentrations of

t et rahydr onapht hal ene and napht hal ene @¢nt.ained in the liquid renaining
after the reaction were 94.1 %and 5.2 % respectively. The results thereof
are sunmari'zed in Table - 25 - 2 and Table 3. Next, the second reaction
was carried out, wherein the liquid remaining after the first reaction
descri bed pbayPev@p di vided into two portions by 1 : 4 (weight ratio); the
snmal l er portion was maintained at 200[err]C and a solution prepared by
addi ng ne

continuously added the small ncentration aftg pact '
them Resulting hydr I d reated in the same manner as in
the first reaction ‘? e‘?%rmelrl]%%%u eId and measur e the
concent r at Reactiom | iHii (R = 134 6 AP fotal esults
t hereof argygagmari ze,d in Tgable 3 Fur gher, ti;e |Iﬂ&d renﬁpl ni nggafter the
reacti ons Was StiTl gfeéj T0 .repegaf. the o.pserat |§)r‘h | ni.hee saé‘ae‘émn&ge.r as

1
2 95.5 97.2 91.4 89.1 8.5 9.6 99.9 98.7
3 96.9 98.0 86.1 83.8 13.5 14.3 99.6 98.1
4 97.5 98.0 78.9 78.5 20.3 18.6 99.2 97.1
5 96.5 97.9 73.4 72.6 25.4 22.2° 98.8 94.8
6 96.6 97.6 68.6 67.2 30.7 26.2 99.3 93.4
7 97.4 97.4 63.2 56.9 35.6 33.9 98.8 90.8
8 96.6 96.3 55.0 52.3 38.8 37.4 93.8 89.7
Example 9

The pretreatment of a zeolite was carried out in the
following manner.

Used were crude hydrogen iodide which had been obtained
in the first_ reaction of Example 7 (purity: 99.5 % or more,
organic components: 200 ppm, and moisture: 30 ppm) aﬁd'
zediite which had been cbtained by drying Molecular Sieves
4A (trade name, xﬁanufactured by Union Showa Co., Ltd.).
Equipped in series were a glass-made column .(inner diameter:
25 mm) filled with the ieolite of 20 g and an absorbing
bottle charged with demineralized water of 400 ml.

First, crude hydrogen iodide of 10 g (crude hydrogen

jodide/zeolite: 1/2 weight ratio) was passed through this



descri bed above, and the third to eighth reactions were carried out. The
yi elds of crude hydrogen iodide thus obtained and the concentrations of the
liquids remaining after the reactions are sunmarized in Table 3. Exanple 8
The sane operation that was carried out in Exanple 7 was repeated to carry
out the first to eighth reactions, except £€a£ the reaction tenperature was
changed from 200[err]C to 170[err] C (Tabl e“2)” The yields of resulting

crude hydrogen iodide and the concentrations of the liquids renmaining after

the reactions are sunmarized in Table 3. - 26 - [Table 2] Conparative
Exanpl e X 7 ° - -12
Tet r ahydr o- column ?S)QHQEﬁpgratuﬁsoof 100 Sgand sv cf%&OO hrZOOThen,

napht hal ene : : 1.,
Di hydr o- gas Adi 5 Red 1%)6 1:.1'131 ?&ueous %fﬁation Qgrz'@ained _1512 the

napht hal ene  ahgorbiAB! BbttPe’%as expelled by bubbling dry nitroge@dide
(9) 20 40 @40 25 pe ZOY(m)I e) 59 55Y B9 8‘?@6

(S)oIOZI?l o 0. 079chheeet the gas in a gas saMpldng| bagon 1301i'£é§m. Solid on
concentration of hydrogen sulfide in the resulting mixed gas
was 120 ppm based on crude hydrogeﬁ iodide.

Next, cfude hydrogen iodide of 10 g was again passed
through the column through which crude hydrogen iodide was
once passed as_described above at room temperéture and SV
of 300 hr?. Then gas dissolved in the aqueous solution
contained in the absorbing bottle was expelled by bubbling
dry nitrogen to'collect the mixed gas. The concentration
of hydrogen sulfide in the gas was 1 ppm of less based on
crude hydtogen iodide. '

.The 2zeolite treated by drude hydrogen iodide as
described above is used in Example 14 ahd Example 18,
respectively.

Examples 10 to 13

The same operation as carried out in Example 9 was
repeated to collect two kinds of mixed gas, except that the
kind of the zeolite was changed to Molecular Sieves 3A
(frade‘name, manufactured by Union Showa Co., Ltd.) (Example
10) and Moleculaf Sieves SA.(ditto) (Example 11), or AW-300
(ditto) (Example 12), or the zeolite was changed to an

activated carbon (trade name: 4GS-S, manufactured by Tsurumi



Addi ti on nmanner Cont . Cont . Cont . One ot . Int.*

Reaction tenperature ([err]C 210 200 170 210 160- 200

Reaction tine (hrs) 1 2 2 1 2 Hydrogen
iodide Purity (% : 99.5 % or nore 82.5 85.5
Yield (% 97.7 '94.6 97.5 70. 3 79.4 Cont.:

Continuously, Int: Intermttently * 10 tines29 - 27 - [Table 3] Liquid
concentration after reaction (% Yield of . Tetrahydro- Reaction H (%

napht-hal ene Napht hal ene Total tines 7 8 7 8 7

8 7 81 94.6 97.5 94.1 94.3 5.2 4.8 99.3 99.1 2
95.5 97.2 91.4 cg81l co. 8- 3td.9. 6(Ex&fipPe 93)7 3 The OGomcentratidhsl of
83.8 13.5 14.3 99.6 98.1 4 97.5 98.0 78.9 78.5  20.3 18.6
99.2 97.15 - igdbogén. $ul fidlel conitadned2in Ahed® Mixed. Fasdsl were 130 Ppn6
97.6 68.6 67.2 30.7 26.2 99.3 93.4 7 97.4 97.4 63.2 56.9

35.6 33.9 98.8an6018ppm or Less$ im@Examme 30,5220 ppmgapd 37ppgm opiless

89.7 Exanple 9 :
in Example 11, 150 ppm and 1 ppm or less in Example 12, and

250 ppm and 1 ppm OX less in Example 13, i'espectively, based
on crude hydrogen iodide. '

Three kinds of the zeolite and one kind of the
activated carbon each treated in the foregoing manners are
used in Examples 15 to 18, respectively.

Comparative Example 3

" The séme operation as carried out in Example 9 was
fepe'ate_d to collect two kinds of mixed gas, except that the
amount of crude hydrogen iodide was changed to 5 g,- that is,
crude hydrogen iodide/zeclite = 1/4 (weight ratio). The
concentrations of hydrogen sulfide contained in these mixed
gases were 120 ppm and 15 ppm, respectively, based on drude
hydrogen iodide.

Exa_méles 14 to 17

Used were crude hydrogen iodide which had been obtained
in the first reacfion of Example 7 (purity: 99.5 $ or more,
organic components: 200 ppm, and .-moisture: 30 ppm) and the
zeolite which had been treated with crt.;de hydrogen iodide
j.n Examéles 9 to 12. Equipped in series were a glass-made'
column (J‘._nneir diameter: 25 mm) filled with the zeolite of

50 g and an absorbing bottle charged with demineralized



The pretreatnent of a zeolite was carried out in the follow ng manner. Used
wer e crude hydrogen iodide which had been obtained in the first reaction of
Exanple 7 (purity: 99.5 %or nore, organic conponents: 200 ppm and

nmoi sture: 30 ppm) and zeolite which had been obtained by drying Ml ecul ar
Si eves 4A (trade name, manufactured by Union Showa Co., Ltd.). Equipped in
series were a glass-made colum (inner di ter: 25 mm filled wth the
zeolite of 20 g and an absorbing bottle Tharged with dem neralized water of
400 mM . First, crude hydrogen iodide of 10 g (crude hydrogen

Il odi de/ zeolite: 1/2 weight ratio) was passed through this - 28 - colum
at a tenperature of rar and SV of 300 [err]. Then, gas dissolved in
t he agueous scﬂWﬁﬁﬁgh%%gkﬁgikga in the absorbing bottle was expell ed by

bubbling dry nitrog C he ;8asdk" ®fdaggsa liQﬁ"gﬁg - | .
The concentration o?}rli‘;&/%r ogigr?gg Ie?xi deai n thear esulotsi % r$1'?<e _gas%lgg%%
ppm based on criydy daydedgiel:0dds. Mexght CridieLdy drQiingitice Yy 1Q8 Was
agai n passed through the colum through which crude hydrogen i odi de was
once passed as rfiagogedctaghpissed tiarsugierhdsacolamandt Y/ tempihfiard Jof

Then gas dissolved in the agueous solution

30°C, ordinary pressure, and SV of 600 hr . The
concentrations of impurities (oxganic componenfs and
moisture) based on crude hydrogen iodide were és follows at
the column exit during that time. That is, the organic
components were 0.5 ppm or less and the moisture was 0.1 ppm
or less in Example 14; gnd the organic components were 0.5
ppm or less and the moisture was 1 ppm or less ;n Exémples
15 to 17. Hydrogen sulfide was not detected in every case.
Example 18

Used were crude hydrogen iodide which had been obtained
in the first reaction of Example 7 (purity: 99.5 % or more,
organid components: 200 ppm, and moisture: 30.ppm), the
zeolite which had been treated with crude hydrogen iodide
in ﬁxample 9, and the activated carbon which had been
treated with crude hydrogen iodide in Example 13. Equipped
in series were a glass-made column (inner diameter: 25 mm)
of the first stage filled with the zeolite of 50 g, a glass-
made column (inner diameter: 25 mm) of fhe second stage
filled with the activated carbon of 10 g, ahd an absorbing

bottle charged with demineralized water of 400 ml.

Crude hydrogen iodide of 20 g (crude hydrogen



contained in the absorbing bottle was expelled by bubbling dry nitrogen to
col ect the m xed gas. The concentration of hydrogen sulfide in the gas was
1 ppmor |ess based on crude hydrogen iodide. The zeolite treated by crude
hydr ogen i odi de as descri bed above is used in Exanple 14 and Exanple 18,
respectively. Exanples 10 to 13 The sane operation as carried out in
Exanple 9 was repeated to collect two kirgs_of m xed gas, except that the
kind of the zeolite was changed to Ml ecular Sieves 3A (trade nane,

manuf actured by Uni on Showa Co., Ltd.) (Exanple 10) and Mol ecul ar Sieves 5A
(ditto) (Example 11), or AW300 (ditto) (Exanple 12), or the zeolite was
changed to anj i Jbo r Ter - S, nu r rum
- 29 - Coal C%é?id%f%fﬁhfﬁikaE%Fi ?%?gﬁ% Th34§§ﬁceﬁ§§at?gﬁgeofﬂ%yd?%ggn
sul fide cont aip@fdad fadtitftdd *artined /8 velght DRt a9 doddtpaiid®SSy i N
Exanmpl e 10, 120 ppmand 1 ppmor |ess in Exanple 11, 150 ppmand 1 ppm or
| ess i n Exanpdey M trogén’itas passedl througho fromsthe icddmipPialét, of the
respectively, based on crude hydrogen iodide. Three kinds of the zeolite
and one ki nd Sirstistage at a temperature of 30°C, ordinary pressure, and

SV of 600 hr. The concentrations of impurities were 0.2
ppm or less for the organic components and 0.1 ppm or less
for the moisture based on crude hydrogen iodide, at the

column exit of the second stage during the above operation.



activated carbon each treated in the foregoing manners are used i n Exanples
15 to 18, respectively. Conparative Exanple 3 The sane operation as carr.ied
out* in Exanple 9 was repeated to collect two kinds of mixed gas, except
that the anpunt of crude hydrogen iodi de was changed to 5 g, that is, crude
hydr ogen i odi de/zeolite - 1/4 (weight ratio). The concentrations of

hydrogen sul fi de contained in these m'xed ases we_w\%gpm
respectively, based on crude hydrogen i-odB4de. Exa s 14 to 1 wer e
crude hydrogen iodide which had been obtained in tBMi mﬁmﬂ of
Exanple 7 (purity: 99.5 %or nore, organic conmpone Hm

noi sture: 30 pﬁg}\ﬂand the zeolite which had been treat ed V\Ath Erutle

hydr ogen i odid ﬁaﬁwg@% 1% 12. Equi pped in series were a gl ass-nmade
col'um (inner dianet

absor bi ng bottfe cha g&f‘%‘{ id’fé'lnléera#ézggape z%%etdeﬁdz@%%aggd%ﬂe,
Crude — hydrogeq ggfégﬁ%de%nt%gtir%trogen%\xad} 2090diod Wihe 'hESlr-L%é5

wei ght rati o) 166 npani assed through this colum at
a tenperature @f, a gaseous phase.

2. A production process for refined hydrogen iodide as
described in claim 1, wherein the crude hydrogen iodide is

obtained by reducing iodine with a hydrogenated naphthalene.

3. A production process for refined hydrogen iodide as
described in claim 2, wherein in reducing iodine with the
hydrogenated naphthalene, the reaction is carried out while
adding continuously or intermittently iosline to the

hydrbgenated naphthalene.

4. A production pi:ocess for refined hydrogen iodide as
described in claim 2, wherein in reducing iodine with the
hydfogenated Inaphthalene, all of iodine is dissolved in
advance in a part of the hydrogenated naphthalene to prepare
an iodine solution, and the reaction is carried out while
adding continuousiy or intermitt_ently the above solution to

the balance of the hydrogenated naphthalene.

5. A production process for refined hydrogen iodide as

described in claim 3 or 4, wherein a liquid remaining after



30[err]C, ordinary pressure, and SV of 600 [J[err]. The
concentrations of inpurities (organic conmponents and noi sture) based on
crude hydrogen iodide were as follows at the colum exit during that tine.
That is, the organic conponents were 0.5 ppmor |ess and the noi sture was
0.1 ppmor less in Exanple 14; and the organi c conponents were 0.5 ppm or

| ess and the m)lllmmm “mwmlor Iess_i& Exanpl es 15 to 17. Hydrogen
sul fi de was not!lk ASltary Severy case. gnple 18 Used were crude hydrogen
i odi de whi ch had” been ‘obf'ai hed in the first reaction of Example 7 (purity:
99.5 % or nore, organic conmponents: 200 ppm and noisture: 30 ppm, the
zeolite which : Lea ' u eRoke4ll | yrfax and
t he activated'gggbggg%ﬁFéﬁ h%g %%%ﬂdééegﬁggya??ﬂ g?tggbﬁﬁarogena€§%?%§rin
Exanpl e 13. Equi@psd id) SRésSivelf h ol 56 - fRslie b teibd NesprbpaEd ea: 25
mm) of the first stage filled with the zeolite of 50 g, a gl ass- nade
colum (i nner gbyMabeutidh; Mohedf rédctiotond dargeidd | bat whille hedding
activated carbon of 10 g, and an absorbing bottle charged with

dem neral i zed ecteinudusi3p) or .irkrems thahritye rthe dsalaittifor? tay €lwe ullbquid

hydr ogen - 31 - iodide/zeolite: 2/5 weight ratio, and crude hydrogen
of the other portion; and the same operation is repeated in

succession.

6. A production'process for refined hydrogen iodide as
described in claim 2, wherein the hydrogenated naphthalene

is 1,2,3,4-tetrahydronaphthalene.

7. A-Qroductioh process for refined hydrogen iodide as
described in claim 2, wherein the hydrogenated naphthalene

is dihydronaphthalene.

8. A production process for refined hydrogen iodide as
described in claim 6 or 7, wherein impurities contained in

crudé'hydrogen iodide are water and/or organic substances.

9. A production process for refined hydrogen iodide as
described in claim 8, wﬁerein said organic substances are

1,2,3,4-tetrahydronaphthalené and/or naphthalene.

10. A prodﬁction process for refined hydrogen iodide as

described in claim 1 or 2, wherein said zeolite_is contacted



I odi de/ activated carbon: 1/5 weight ratio) acconpanied by dry nitrogen was
passed through fromthe colum inlet of the first stage at a tenperature of
30[err]C, ordinary pressure, and SV of 600 [err]. The concentrations of

i mpurities were-0-—2—ppmor—tess for the organic conponents and O | ppm or

| ess for the noist de hydr ogen i odi de, at the colum exit of
t he second stage mnﬁmlm lﬂﬂcﬂgn operatlglrl 32 WHAT IS CLAIMED I S: 1.

A production proc (o] (X re I'med* hydr ogén~*odi de, conprising contacting

crude hydrogen iodide with a zeolite in a gaseous phase. 2. A production
process for refined hydrogen iodide as described in claim1l, wherein the

ﬁggﬂfhgrg;ggen I Oddﬁ'd%'r &gl%}] ﬁg‘gg%ce%&&%& [ ned[ll'&ygbogen [ o'g#‘ggfggégd

described in | £ t Y, %
napht hal ene, +1€ ér;“e%fc I on %%%%e | Iqle g%ﬂyj&i n%‘%:lcr}ﬁ%él]nﬁé)us §&'
intermttent I y ép ég&dmt %ﬁiﬁaaﬁlhﬁkeaémpénenté\ pr oduct i on
process for | ne ydrogen |1 0dide as described in claim2, wherein in

reduci ng iod| ne wi th the hydrogenated napht hal ene, all of |od| ne is

di ssolved in
11. A production process for refined hydrogen iodide as
described in claim 10, wherein the amount of the crude
hydrogen ‘iodide is at least 1/3 by weight relative to the
amount of the zeolite in removing the sulfur components

contained in the zeolite.

12. A production process for refined hydrogen iodide as
described in claim 10, wherein the zeolite is an A type

zeolite or a mordenite type zeolite.

13. A production process for refined hydrogen iodide as
described in claim 12, wherein said A type zeolite has an
average pore diameter of 3 angstrom, 4 angstrom or 5§

angstrom.

14. A production process for refined hydrogen iodide as
described in claim 13, wherein said A type zeolite has an

average pore diameter of 4 angstrom.

15. A production process for refined hydrogen iodide as

described in claim 12, wherein the contents of water,



advance in a part of the hydrogenated naphthal ene to prepare an iodine
solution, and the reaction is carried out while adding continuously or
intermttently the above solution to the bal ance of the hydrogenated

napht hal ene. 5. A production process for refined hydrogen iodide as
described in claim3 er—4;—whérein a liquid remaining after t he reaction

Is divided into two nd anot her iodine is dissolved in one of
t hese porti ons ‘g@m M‘“ sol ution;3%he reaction is carried out while
addi ng continu mierm*ttently the solution to the liquid of the

ot her portion; - and the sane operation is repeated in succession. 6. A
production process for refined hydro en | odi de scri bed,in_claim
wherein the hPR¥GEHERaSUPSTAIGERajang: hxdrogen; %“af%f e SR ERLR ‘H‘Phér‘er’ré‘e

A production praoges for refine rogen i a desc i bed in Ia|n12
wher ei n t he hfﬁf&&?& at ¥R 3P§ry'lg i s34 h drgﬁ'ap YhaVRuneg of 1eSs,

producti on process r ef|ned hydrogen iodide as described in claimé or
7, wherein | Sngalned i n crude hydrogen iodide are water and/or
organic substances 9. A production process for refined hydrogen iodide
as described in claim8, wherein said organi c substances are

16. A production process for refined hydrogen iodide as
described in claim 13, wherein the contents of the organic
substances contained in the refined hydrogen iodide is 0.5

ppm by volume or less.

17. A production process for refined hydrogen iodide as
described in claim 14, wherein the contents of water
contained in the refined hydrogen iodide is 0.1 ppm by
volume or less.

18. A production'process for refined hydrogen iodide as
described in claim 13, wherein a zeolite is combined with
an activated carbon, and crude hydrpgen iodide is contacted
with them to thereby reduce organic substances contained

theréin to 0.2 ppm by volume or less.

19. A production process for refined hydrogen iodide as
described in claim 18, wherein the activated carbon is
contacted in advance with crude hydrogen iodide to convert
impurities of sulfur components contained in the activated
carbon to hydroéen sulfide to thereby remove said sulfur

components.



1, 2, 3, 4-t et rahydr onapht hal ene and/ or napht hal ene. 10. A production
process for refined hydrogen iodide as described in claiml or 2, wherein
said zeolite is contacted in advance with crude hydrogen iodide to
convert inpurities—of_sulfur conmponents contained in the zeolite to

hydr ogen sul fide remove said sul fur conponents. 11. A

her eb
producti on procetﬂi’ mmjm&ummndr_ogen i odi de as described in claim 10,
wherei n the anoui it ydr ogen 38dtde is at least 1/3 by wei ght
relative to the ampunt of th& z&olite in rempving the sul fur components

contained in the zeolite. 12.. A production process for refined hydrogen
or . mor dent t @ype % GRGGUELPR PRORRE, Ak <o Loed peRePgen, dididE es ' ©
an aver age. porB REARSRLeh el £9 7 Weketrl kERChHoRAL Of calffs Bpgn °)
Wherei n sai 0 AR 38,RF L9REE U8 BE el FOR e P ahe, ARl 1

A production phecesstivatéd® caeBoRY ArPUL8mbPLAE e the JSSTELPEddnporietity 12,
wherein the contents of water, -
contained in the activated carbon.

21. An etching agent used for manufacturing electronic
devices characterized in that refined hydrogen iodide as

described in claim 2 is used.

22. An etching agent used for manufacturing semiconductors
or liquid crystals characterized in that refined hydrogen

iodide as described in claim 2 is used.



-

organi ¢ substances and hydrogen sulfide contained in the refined hydrogen .

lodide are 1 ppm by volune or |less, respectively. 16. A production
process for refined hydrogen iodide as described in clai A glg%
contents of the organic substances contained in the refJngﬁ”% é%& o] :
Is 0.5 ppm by volune or |ess. 17. A production processifor | j

hydrogen iodide as described in claiml 7Wnere| n the contents of water

contained in the refined hydrogen i odi de®1s" 0.1 ppmby volume or |ess. 18.
A production process for refined hydrogen iodide as described in claim13,
wherein a zeolite is conmbined with an activated carbon, and crude hydrogen

iodide is contacted with th%@gmbki'ebﬁbﬁ'nheﬂigéLGQGﬁﬁ' Cc substances

contained therein to 0.2 ppm by volune or |ess . A production process

for refined hydrogenpiqiisse for UpeeaubeAg FeFined M £ flolif@e adhy vat ed
carbon is contacted 'in advance wth crude hydrogen i odi to convert

inpurities OE:_omhf:unﬁorraQﬁaat shgd@pbgenedibdisee ad:thvaaedzeeu.lits tas
hydrogen sulfide to thereby renove said sul fur conponents.
disclosed. Crude hydrogen iodide is obtained by reducing
iodine with a hydrogenated naphthalene, wherein all of
iodine is dissolved in advance in a part of the hydrogenated
naphthalene to prepare an iodine solution, and the reaction
is carried out while adding continuously or intermittently
the above solution to the balance of the hydrogenated
naphthalene; and ‘the same operation may be repeated in
successioﬁ using unreacted hydrogenated naphthalene and
fresh iodide. The zeolite is contacted in advance with
crude hydrogen iodide, the amount of which is at least 1/3
(weight ratio) relative to the amount of th.e zeolite, to
convert impurities of sulfur components contained in the
zeolite to hydrogen sulfide, thereby removing the sulfur
components. The kind of the zeolite is an A type zeolite
(an aﬁrage pore diameter: 3 angstrom, 4 angstrom or S
angstrom) or a ;nordenite type zéolite. Further, an
activated carbon may be combined with the zeolite at the
rear stage thereof.
Crude hydrogen ;todidé is produced at good yield and
refined to refined hyd:::ogen ibdi_de having a high purity
(organic components: 0.2 ppm by volume or less, water: 0.1

ppm by volume or less).

is Sheet Has Been Re laced

i




20. A pfoduction process for refined hydrogen iodide as descrlbed e

claim 19, wherein the anmount of crude hyd}ogen I odide is
wei ght relative to the anount of the activated carbon in r
sul fur conmponents contained in the activated carbon. 21..
manuf acturing el ectroni c devices characterized in
hydr ogen i odide as described in claim2 is used. 22. An etchlng agent used
liquid crystals characterized in that

used for

for manufacturing sem conductors or
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PRODUCTION PROCESS FOR REFINED HYDROGEN IODIDE
ABSTRACT OF THE DISCLOSURE :

A process for producing refinad hydrogen iodide by
contacting crude hydxogen. iodide which is obtained by
reducing iodine with a hydrogenated naphthalene with a

zeolite. The zaolite is contacted in advance with crude

hydrogen 1odide,'the-amount of which is at least 1/3 (waight

_ratio) relative to the amount of the zeolite, to convert
1mpurities of sulfur components contained in the zeolite to

hydrogen sulfide, thereby removing the sulfur components.

The kind of tne zeolite is an A type zeolite (an average

-pore diametexr: 3 angstrom, 4 angstrom or 5 angstrcm) or a

mordenite type_zaolita.._rnrther, an activated carhon may

 be combined with the zeolite ot'the rear stage thereof.

The,tcfined hydrogen iodide has organic components of
0.2 ppm hf volume or less, and'watér'of 0.1 ppm by volume

or less.
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