; €3eURS(x\ 6T=C> 1 DESCRI PTI ON PROCESS FOR PRODUCI NG | SOPROPYL CHLORI DE
TECHNI CAL FI ELD The present invention relates to a process for 5 producing

o thoree woermen s e e oo RNERY "

reacting isopropyl alcohol with 1o hydrochloric acid (DE509265,+#7#%&042705).
(2) A method of reacting propylene with hydrochloric acid or hydrogen
chloride in a solvent (FR1526687, DE1805805, DE1801716, USP4661341,

JP- A-60-178831). (3) A nethod of reﬁggigg E&gﬁylene wi th hydrogen 15

chloride in a gas phase, in the pre um num oxi de which is not
reacted wth a hydro i - - wey.er conventi onal
processes have foll om%ﬁoﬁ@éﬁﬁ%gﬁ%%@é (KVI%OR]E]#g conversion is
low. In the RELS §5A£2¥ Eﬂgen the reaction tenperature is high,
polynerizatieﬁ—eg—pfeﬁygeﬁe occurs, and the catalytic activity remarkably
decreases. Wen the Pg%%%h%ni%%%ﬂ%ﬁ%h“r%lh%e%OWb the . canver sign decreases.

Further, 25 in the |l containing the reaction product, the corrosive

catal yst 4 s geggranhedsopbepehychhereaks a problemthat the purification
process nmay be conplicated,

BACKGROUND ART

As conventional processes for producing isopropyl
chloride, the following processes are known.

(1) A method of reacting isopropyl alcohol with

10 hydrochloric acid (DE509265, BP1042705).

(2) A method of reacting propylene with hydrochloric
acid or hydrogen chloride in a solvent (FR1526687,
DE1805805, DE1801716, USP4661341, JP-A-60-178831).

{(3) A method of reacting propylene with hydrogen

15 chloride in a gas phase, in the presence of aluminum
oxide which is not reacted with a hydrogen halide (JP-A-
50-130702) .

However, the conventional processes have following
problems.

20 In the process (1), the conversion is low. In the
process (2), when the reaction temperature is high,
polymerization of propylene occurs, and the catalytic
activity remarkably decreases. When the reaction
temperature is low, the conversion decreases. Further,

25 1in the liquid containing the reaction product, the
corrosive catalyst 1s accompanied, whereby there is a

problem that the purification process may be complicated,
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2 or the purification apparatus is required to be made of an expensive
corrosion-resistant material. Further, in the process (3), froma practical
standpoint, it was necessary to nmaintain the tenperature at the tinme of the
5 reaction at a high tenperature of about 100C or higher, and the pressure
at a high pressure of about 5 atm nanely about 5065 hPa, respectively.

Furt her, hydrogen chloride had to be supphlied also at a high pressure. In
order to maintain the pressure of the hydrogen chloride 1o to be high, it
is required to eppl oy _an,expensi ve _apparatus nade.of .a.corrosion-resistant
mat eri al . Th8§,tggep§6ﬁ$éﬁ?iéﬁﬁlaBPSE%?EEslﬁa&Sqﬁégﬁdnga ?a%?§§e8§s as

i ndustrial processes. .DI SCLOSURE OF TH It 4 bj ect of the
pr esent i nvefitli 6AFEE°4SFvE T he a 8V5ESESEN§EEEE$%5%§}ése% r?ﬁ%ﬁht?ﬁn

provi des a pragess Lot praducitg,d sop:aevh ol atkdaoothich seomael ses
reacti ng propylene and hydrogen chloride in a gas pﬁhse, in the presence of
iron or a halagenated aLURLRULGK @8 2QnBEST tMPRE AFORHCARRVIENG FOUReTHE

| NVENTION I n the preSent 1 nvention, the réeaction of propyl ene and hydrogen
chloride is ¢antkednodl bnnike Reagerae et broapenta 1narogenaheghat i num
oxide. The iron is preferably iron having inpurities 25 reduced as little
as possi bl e, gihge theh@riek@nries apr ef eriafl yreseurayviofy adopur ist weaf, 90%to 100%
(mass basis, the sanme applies hereinafter), and nore preferably one 3
havi ng a pur inayhefy 3B%ut0 5D@B%hPand rewpicleri vedye pFefehabl yhpdeobgani ng a
purity of 98%to 100% The iron in the present invention, may or may not be
subj ect ed t o chrlertideatm@entt os reh saprddeidy atlison attr @atvholt oyessomeact TRg 5 it
with e.g. hydrogen chloride. Wen the pre-treatnment is to be carried out, a
usual pre-tr eadesntonEeiodadan the sFessping ffplthed hydrogssr chlpg 106 m of
the iron is not particularly limted, but referably be iron of

it i.s
| i near, ﬁ@t,t@yk§pﬁégmbaptfdﬁmrqqgﬁqig.§c1§w§@o§8ppa@§pens1ve

apparatus made of a corrosion-resistant material. Thus,
the conventional processes have been disadvantageous as
industrial processes.

DISCLOSURE OF THE INVENTION

15 It is an object of the present invention to solve
the above problems. The present invention provides a
process for producing isopropyl chloride, which comprises
reacting propylene and hydrogen chloride in a gas phase,
in the presence of iron or a halogenated aluminum oxide.

20 BEST MODE FOR CARRYING OUT THE INVENTION

In the present invention, the reaction of propylene
and hydrogen chloride is carried out in the presence of
iron or a halogenated aluminum oxide.

The iron is preferably iron having impurities

25 reduced as little as possible, i.e. the iron is
preferably one having a purity of 90% to 100% (mass basis,

the same applies hereinafter), and more preferably one



lo area, whereby the effect as a catalyst increases. Iron is generally
considered to have a low catalytic activity. However, the iron present in
the reaction systemin this invention, is considered to have the sane
effrect as that of ferric chloride which is one of the i5 Friedel-Crafts
catal ysts, as the surface is activated by the reaction w th hydrogen
chloride. The surface area of the iron is,preferably at |east 150 m2/g,
nore preferably at | east 1500 mme/g, further nore preferably at |east 3000

m2/qg. 20 Furth the h | ] Lde i th toi ti ,
S pref or abl §REEt AURROKFHSSF odst clPwiPREA ROGr BYERIRAITAES Ac the | O
e ooen e phEE R Ry SLpIsHe OELEC, BXEEO0CChRT LES: o El BED Bl b and
hal i des, hydgﬁggﬂec %8&%9@ &ﬁvgnéioﬁfe&$§r891mggnﬁstiEei§%ay@&£éaLF8at a

|l ow price, it is us I'n the reactron of” propylene and hydrogen c ride

4 in the pregept.ipyYeALhPNsuBAdabULE Rt bnCaRhEnEAtI by Bandhedindhe form
of the alum humoxide Is preferably a spherical or block form In the case

of a spheyicat Rifara gt heyavegagecpastigbe Sinsh ihdrferaddatddram 0.5 to
5 m In the case of a block form it is preferably one having such a size

that it can hge sbewedchyraedi 6Me, 0h Q(Qsbal OpberBre&timéher methedatani bam
oxide in the present invention is preferably one having a pore vol une of
from 10 0. 05stiot2bii// gppibed. priefettadt y fhonfdrid ¢ therl {xpn Ass anatet hod of
reacting the alum num oxi de and a hydrogen halide, a nethod of packing the
al umi num oxi derthcaleedgt dimiand, theh stuppeypngfehabhydbegenohabfde to the
reactor, may, for exanple, be nentioned. This 15 hydrogen halide may be in
a liquid foriioeakrn aegasoropRheFiemlt herpoi hEVEindt 2 targepsdstnre to treat
a large amount effectively, the_hydrogen halide in a gas formis preferred.
At the tihe 8FedredhrERPY the &fbRFAU o?iﬂ@tﬁﬁHSFhén%§ﬁ?6§§n hal i de may

sonet i nmes vigorously he 20 reacted, whereby -heat.generation or formation
of water may tak&rﬁ%aéé.g?ﬁ@F@ﬁéVéFoFFlg§ré§e%8rP%HetS EPWqutFﬁgtﬁﬁdrogen
hal i de by using.an._|ner o] ' ' The Jj . gas can be a
medi um whi chaFgﬁX\}g t h%o‘ﬁ%?ﬁé bféﬁﬁeﬂﬁcﬁ%\% d][e%et a ufn%]aﬁ#n%%;i de and the
25 hydrogen Bgkide GHORLENE hGRAEOEN, FUL BBheikBr8aCRSCHUDE! Entakehel S
formed, it is preferred to renove it out of the reactor together wth the

inert gas. Agrkbeti BEM tnatSogaserPitl egeBrgas, whekhuisgase apdrAEgON gas
may, for exanple, be nentioned. When the al um num oxi de packed in the

reactor is reackadiwct-hrtbechydnigges, haki daei Buafgas fieravtitatedSby
preferred to dilute it so that the anount of the hydrogen
the reaction with hydrogen chloride. The surface area of
the iron is preferably at least 150 mm?/g, more
preferably at least 1500 mm?/g, further more preferably
at least 3000 mm?/g.

20 Further, the halogenated aluminum oxide in the
present invention, is preferably aluminum oxide reacted
with a hydrogen halide. As the hydrogen halide, hydrogen
fluoride, hydrogen chloride, hydrogen bromide and
hydrogen iodide may, for example, be mentioned. Among

25 these hydrogen halides, hydrogen chloride is most

preferred, since it is available at a low price, it is

used in the reaction of propylene and hydrogen chloride



hal {de would be fromO0.1 to 10 vol % particularly preferably from2 to 7
volt, to the total amount of the hydrogen halide and the inert gas, in the
initial stage of the reaction. Then, it is preferred to continue to 1o
supply the diluted hydrogen halide till the heat of the reaction is no

| onger generated in the reactor. Further, after conpletion of generation of
the heat of the reaction, it is preferred,to raise the concentration of the
hydrogen halide so that the concentration of the 15 hydrogen halide wll
finally be 100 vg nanely, the hydroge gallge whi, h IS got dllﬁted W th
the inert gash. t F PhESEBc eRVFRLBR o n Uhy ?5geﬁ haPdé<i §3Parded, the
heat of the h n wll usually be generated again. It is preferred to
rai se the cofn@g F ‘ion of the 20 hydrogen halide gradually in order to

avoi d abrupt generati.on of h h at, of the reaction I r.. it is
preferred to conﬁ%‘ugotglsup%% lteeC‘Lhy F&&éﬁ %H Se till the

heat of the rggg& ggllgﬁn?% gﬁg gene ?@e gy%éhgf e}pgaflunlnum

oxide is reac rogen is preferred to carry out

t he reaction th t e I; n a n xgeed200C
due to tﬁé hgggmbf%Fﬁegsggggg b%E%l%lb SE%%DE%tEgg%swébgyug%ﬁﬁn?ogldé to be

reacted withsthe hyenoges habkdss Apré@IEef@ﬂhy StIChs apranBHab1y hahet he
tenperature of the alum num oxide will not exceed 200C at the tinme of

reaction. 5 hheihgaglieh kosheepatkediw thnt be alkeeBuby0Xi deeke preferably
one having a structure which can be cool ed. Wen the reactor having such a
structure isousedp themal uruntheoxi teer ahahecumi dhiddeihydhegenesaht de can
be used to the reaction of propylene and hydrogen chloride, 1o as it is
packed in thénveattion iRaptriederably, one hevpnef er pedet yodsmeaofedecoor
having a structure provided with e.g. a jacket cooler, as the reactor to
carry out0th®.08aéei gnmef/ o hawoxieuprrdrrekilde fara Phé ﬁ?dﬁo@éﬁghallde si nce

it is thereby easy to control the regction 15 when the foll ow %breactlon
of the propyl ene #h@ t%h%%é@a&ﬂl&q dds &lumnuay oFid I‘—aﬁﬁ t he

l um t th h de be .t f
oot um oK1 G LSRR, B AL O0E) aLidE TRy e anat e
chl.orl de of 4fie Presentyl Menl ko 20-Hhe.teaekon ol aLapylenacand

hydr ogen chl ot} G resent I'nve carried out by
suppl yi ng pr oyl 6ne def,,a %%1 f olp andbydr oeenmemt%h@e inpgjgas formto

the reactor or the |iké ‘packéd with thé iron or the hal ogenated al unmi num
oxi de, fokl ovgdiRydahaA3 Rhass mRAGH anlilfuias fprefl ek et thaksprepy.ene

and hydrogen chloride are prelimnarily m xed and then supplied to the
react or, wherreln the efdint emey dft tikepossible to treat a large
amount effectively, the hydrogen halide in a gas form is
preferred. At the time of treatment, the aluminum oxide
and the hydrogen halide may sometimes vigorously be
20 reacted, whereby heat generation or a formation of water
may take place. Therefore, it is preferred to dilute the
hydrogen halide by using an inert gas to the aluminum
oxide. The inert gas can be a medium which removes the
heat of the reaction of the aluminum oxide and the
25 hydrogen halide from the reactor. Further, in a case

where water is formed, it is preferred to remove it out

of the reactor together with the inert gas. As the inert



reaction will be good. As the material for the reactor, a common materi al
such as iron, stainless steel or glass may be preferably used. The
tenperature for reacting propylene and hydrogen 5 chloride is preferably
from20C to 100C, nore preferably from40C to 60C. Here, it is preferred to
control the supply anmount and the supply tenperature of propyl ene and

hydr ogen chl oride, so that the reaction tsnperature will be within the
above tenperature range, 10 and further, tThe cooling of the reactor is
carried out as the,case requires..Wen the tenperature during the reaction
s at least 96T ThhUSASHLPOR' oRStbPfod-F SoBPOpSF SCHI SRFdB=Hr | Fobe | ittl e,

and the surface o%ﬁthﬁ?iron or the alum numoxide will not be wetted with
[

the 15 isopr%ﬁ??p d@?nt 8re y the catalytic effect will be maintained

for along ter”!wﬁ%ﬁhtB%‘QQ ﬂ?ﬁhﬁaBkgdeF§5E?§§1ik”tﬁeC%%%cW%Er%sthe
tenperature during the reacglpn I's "at’ oSt C, polynerization of
propyl ene 'SrésgegadwiégcgﬂéehpaggséhrﬁthdeTmﬁ reduet kgPmof Ehes20

pol ymeri zati on can avol e problemthat the produced oligomer covers the

surface of theegal-abystovhsigby ibessaeagyttﬁeegﬁ@ghtiéfdeﬁéea?agpggarther,
the pressure at the tinme of reacting propylene and hydrogen chloride in the

present invenhlphe woula Beefesmbbyif eemB00ot e, 3839thPalamags basis,

herei nafter the sane applies), nore preferably from 1013 to 3039 hPa,
further noreppeetesdblyfiean220367t003@39to 8hbPaothl ksopnef efr edet hat t he
pressure of the reaction is at |east 900 hPa, since the boiling point of

i sopropyl chhedirdgeni hhlbdehigf, thadihketppeduced chepriopyliathkteode can be
easily recovered. Further, it is 5 preferred that the pressure of the
reaction is af hbetrg8889ipPa, Tieke it 13 PreFebyedofo reeui @t enpl oy an
expensi ve appar at us having aci_d_resi stance_and caRabIe of raising. the
pressurel®f EyBPéYesnEnfélrged: BYSrREGR Pevére tolin&Probsntr afi &h6r

| d hydr 1 chl ide i t ti | | i mted. th
P e ot BeRE Rt P LenBoot PROPEEREER P e dle Py TPEB PGy | FEHTAFT te,
i ntaini 1 ti duci i f .th t d
Lo remal ni ng GHPEaCPE 125 Ry aP g ERror PHeC ToF "EnECREkEE 1 & prof erred
to use pfOkagggtagna“iﬁneghgrgkekgga‘%au %3%%?%%%2c?%%%ﬁéra&@%nag@unt of

propyl ene to hydrogen chl oride is prefera tinmes by nol,

nore preferabhy H{eMLethonbidigki BBS thYcMhe 20nTRE$RRGENVEIOGHEY (SV)
[unit: /hr] for supplying propyl ene and hydrogen chloride to the reactor,

is not pastieyhabhen haltied $@110fgnas vt bes 180l evek Winbhielysuehea range
that the above tenperature and pressure condition can be maintai ned,
usual ly it i ayfrebenr ddltidat wBYeh00st 0025 di00@edr widbr €het heegspagesvel ocity
is the ratio of the volunme velocity for supplying the material (F) [unit:
m8/ hr] to thé&fvehensococenizatdgat of tYp hydircgemghalideg iggmafiyedsy=F/ V
unit: /hr].
[ ] the heat of the reaction will usually be generated again.
It is preferred to raise the concentration of the
20 hydrogen halide gradually in order to avoid abrupt
generation of such heat of the reaction. Further, it is
preferred to continue to supply 100 vol% of the hydrogen
halide till the heat of the reaction is no longer
generated. Further, when the aluminum oxide is reacted
25  with the hydrogen halide, it is preferred to carry out

the reaction so that the temperature in the reactor will

not exceed 200°C due to the heat of the reaction. The



| sopropyl chloride formed in the process of the present invention, can be
obt ai ned usually as a gaseous product. The gaseous isopropyl chloride is
preferably 5 cooled and collected as a liquid product. Further, the
i sopropyl chloride is preferably purified, as the case requires, as it is
in a gaseous form or after liquefied. The purification nethod is not
particularly limted, and usual deacidifigation treatment, colum
chromat ography, to distillation or the |like, nmay be nentioned. |sopropyl
chloride forned by the _process.of the.present invention i.s.,a.known
conpound, anamPPn§a$@b§BSS%ﬁ?mé§uﬁt°§%§eo§%a FeFe§8%$ rﬁ#%?i% %t o anot her
product. In roce f. the_p LRvention, t S 5 t he
catal ytic ac&pgfggggaﬁg%gdﬁaig a%%%gg%gkﬂg P@ﬁg F@rgﬁgﬁg%tﬁga%egc i on can
be carried oubnbB LG beetpteashiRuGoadilkons 1l S0k auLd ¥ iRy ous,
but it is considered as ftollows. mely, wth the catal yst reacted wth a
hydrogen hal Lde,.pthegat aleystaksidgual |y too 20 activated, whereby
pol ymeri zation reaction of propylene itself is accelerated in the reaction
of propylene and TiedreeRR GhltQy e pAKGd &t itgRen wii oyl ene for med by
the pol ynerization covers the surface of the catalyst and rapidly reduces
t he catal yti prateirably. oHewkwetingt be s2rueataky shich che peesertlddnvention,
especially the hal ogenated al um num oxi de, has a suitable activity, whereby
it is considahed that rehetoeatbivingofsukydrogemuc tii@rechilsonisael ,ardhepr opyl ene
is nore accel erated than the polynerization of propylene, and further, the
cat al yti c aceilvuiminpugarxhidenmieacdiede ity ahei divdgovien heddkdeemicend® caused
by the polynerization of propylene. 5 Isopropyl chloride obtained by the
process of tHeegr &sefthe measttiion, ofs preprulengs agds hydrioggmehdiordldsf.or an
antifouling paint to be used as a paint for ship's bottom an internediate
for a me¥fci A€ 3 dF RGEKEG b SRSCREMERF, oF2FhaCPIRELY101EXARPLES Now,
t he present inv%ntio be described.in.detail with reference t

I = Vfaﬁikver,it

Eanpl oo ( EXBTSTEETER Sonpoang” Conskps: PP {ER RS SRS E76)
shoul'd be undgrat qod that; the presqnt | nyention d.sdy o mans |

r
restricted by such ‘speci ﬁbles. g of spheri af%gluninum

oxi de (aver agPalhictli®nsioAe tndMi1 RSy QiR 0 cHe By ey packed in a
pi pe type reaction tube nmade of stainless steel having an 2071 nternal

di ameter of 2@mMaand sdnlcangtth i@f +3RQ-aBP aRGPRQVicded rult ik jracketionMil e
the reaction tube was cooled by water at a tenperature of 25C, hydrogen
chl ori deigas wiliehut-e@d Vol cfiingogeacgdsn @ £3 thel brichemeereatande tHe0C,
pressure: 1013 hPa, velocity: 1L/ hr), z5 was supplied thereto for 2 hours.
Then, whil e tivelrogreenivlatiigie dfs lyadndgen cottl.or Fdethas, gthdualbpinamsed,
the diluted hydrogen chloride gas was supplied to the 11 reaction tube,
so that the esricenteadited ofl thy dhsgdydasiasn deligs 160 R Jeramsdentgs!
hours. Further, the supply of the hydrogen chloride gas was continued til
the heat genéPafP@thst tFeGtOLctivFaiie Wis Te IKGRGeron of propylene

and hydrogen chloride of the present invention.

20 The reaction of propylene and hydrogen chloride in
the present invention is preferably carried out by
supplying propylene in a gas form and hydrogen chloride
in a gas form to the reactor or the like packed with the
iron or the halogenated aluminum oxide, followed by gas

25 phase reaction. It is preferred that propylene and
hydrogen chloride are preliminarily mixed and then

supplied to the reactor, whereby the efficiency of the



5 observed to carry out the hal ogenation treatnent of the al um num oxi de.
The m xed gas of propyl ene and hydrogen chl oride (propyl ene: hydrogen
chloride = 1.05:1 (nolar ratio)) was introduced at SV = 200 /hr into the
reacti on tube packed 1o with the al um num oxi de treated by hal ogenation, to
adj ust the pressure in the reaction tube to 2026 hPa and the outl et
tenperature of the reaction tube to 50 10C. After the space velocity of
the m xed gas, the pressure in the reaction tube and the outl et tenperature

of the i5 reaction tube e adj t he abov | ue t hi

referred to BFG" é%na‘f’f‘%i\e{)ﬂeggéabll S at q?%rf“ tt?‘ﬁal O%p%?é e%é%%tf’%%/hafter)
the gas at the outlet_of the,reaciion tube e

chronatograp%y %ﬂ%nc%ﬁ%%¥§?%nsg Bhyﬁr%ﬁ%ﬁ’?%?% ggéagtgé&ggfhglconver3|on

20 of propyl 4 t el ectivity for isopropyl chloride was
98% Furtherﬁ% €, g F%guﬁﬁg Q??a 100 hours and 200 hours, when the m xed

gas of propy'eneTﬂgd$§§gg9%%ﬂﬁ%hgg&'Q%aW%énﬁo %bBQ@% yaﬁﬁpﬂ&ﬁﬁg %arhgoo

hours, are shown'in ecrease was O serve In any O

conversi gn a@ﬂlwﬁdéehngkgfuabngAﬁVE’gﬁ 2oIhe. PRI, 0masas carried out in
t he sane manner as in Exanple 1 except that the spherical al um num

oxi de was chgpgedrhBi Ieekmf@oﬂ@a&@namMﬁ1omeee (sktevedpbyrarskaveocof 3 mm
pore volune: 0.5 m/g). The results are shown in Table 1. 5 EXAMPLE 3 The

operation Mﬁ&oﬁafbﬂEdhéubupplyhamsaﬁe gadneheasupplizxaspperdtaxeept t hat
the pressure in the reaction tube was changed from 2026 hPa to 1013 hPa.
The results prepghema andThpbeogenlOhEXAVBEE 4oThbabpéehet reachasncarri ed
out in the same manner as in Exanple 1 except that the hydrogen chloride
gas reacted twenhezbgnrauwioki be washéhanhedabevhydebgenathyer rdaedgas. The
results are shown in Table 1. 15 EXAMPLES 5 to 7 The operation was carried
out in tHe sand AukRBPTasthPR ERakpRe 2fekBEprepRAPTt RE SPEEESFePBEi BF was
changed as shown in table, 2. EXAMPLE 8 20 About % an iron wire
(purity: 99.885 RavPnyeguizgsus Wre®. E%enﬁ?T%%¥?%%g ¥oLRY ahB%it 5000

me/g), was reaction is at least 20°C, condensation of formed
isopropyl chloride will be little, and the surface of the
iron or the aluminum oxide will not be wetted with the
15 isopropyl chloride, whereby the catalytic effect will be
maintained for a long term, such being desirable.
Further, in a case where the temperature during the
reaction is at most 100°C, polymerization of propylene is
reduced, such being desirable. The reduction of the
20 polymerization can avoid the problem that the produced
oligomer covers the surface of the catalyst whereby the
catalytic effect is decreased.
Further, the pressure at the time of reacting
propylene and hydrogen chloride in the present invention,
25 ig preferably from 900 to 3039 hPa (mass basis,
hereinafter the same applies), more preferably from 1013

to 3039 hPa, further more preferably from 2026 to 3039



packed in the sane reaction tube as in Exanple 1, and a m xed gas of
propyl ene and hydrogen chl ori de (propyl ene: hydrogen chloride = 1.05:1
(molar ratio)) was 25 introduced at SV = 100 /hr, to adjust the pressure in
the reaction tube to 2026hPa, and the outlet tenperature of the reaction
tube to 60 10C. After the stabilization, 13 the gas at the outlet of the
reaction tube was anal yzed by gas chromat ggraphy, and the conversion of
hydrogen chl ori de was 90% the conversion of propylene was 86% and the
selectivity r isopropyl chloride was 98% 5 Further_. the results after
700 hour s, anf2300 Toure PRRER THE Hatd JRePEr Hrtpy T brt e rte RS e
chl ori de mas.con%iQuou%lgoaugggied.for %Rg Egg&ﬁ aégiﬁ@o%@ Egoﬁgglell. The
& the r Phe

catal ytic aC%Fthy was “marnt ar ned;Tand nert onversion™n

selectivity @@?O?QaggﬁglllgeEﬁéﬁngagdf%Egtégéﬁgg%dE§égE%§%the operation

was carried ou n the sane nan a exce at al um num

oxi de was useme%%hte bin Wt egg&wu?ieée%gadi.t Ferfglpgepatign treat nent.

The results are shown 1 n Table 1. After the stabilization, s5 the gas at

the outlef of bherieacthaR tHBepwassaral yzednbyrgastebronat agr aphy, and the
conversion of hydrogen chloride was 99% the conversion of propyl ene was

93% and the3pgbegbhyi EYnter iksepr epgreny abkoreaaivas 98%emblbihah, the
reaction was continued for 100 hours, and as 20 a result, the conversion
decreased toekP¥ndiect appadacueanavihgt heidatrakykitanaet evdt yapbbl&ablfes,
the conversion represents the conversion of propylene, and the selectivity
represents theiseéhgcthei pyekenriesopfr bpgirogkhochderid® told Raghe 1
| mediately of ter stabilization

level.

10 The molar ratio of propylene and hydrogen chloride
is not particularly limited. For the purpose of
increasing the efficiency for recovering isopropyl
chloride, maintaining the reaction pressure, reducing
corrosion of the apparatus due to remaining unreacted

15 hydrogen chloride, or the like, it is preferred to use
propylene in an amount of from equivalent to excess, the
amount of propylene to hydrogen chloride is preferably
from 1 to 1.5 times by mol, more preferably from 1 to 1.1
times by mol.

20 The space velocity (SV) [unit: /hr] for supplying
propylene and hydrogen chloride to the reactor, is not
particularly limited so long as it is a level within such
a range that the above temperature and pressure condition
can be maintained, usually it is preferred that SvV=100 to

25 1000/hr. Here, the space velocity is the ratio of the

volume velocity for supplying the material (F) [unit:

m’/hr] to the volume of the reactor (V) [unit: m’].



100. hours after stabilization 200 hours after stabilizationConver-
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Namely, SV=F/V [unit: /hr].

Isopropyl chloride formed in the process of the
present invention, can be obtained usually as a gaseous
product. The gaseous isopropyl chloride is preferably

5 cooled and collected as a liqpid product. Further, the
isopropyl chloride is preferably purified, as the case
requires, as it is in a gaseous form, or after liquefied.
The purification method is not particularly limited, and
usual deacidification treatment, column chromatography,

10 distillation or the like, may be mentioned. Isopropyl
chloride formed by the process of the present invention
is a known compound, and it may be used, as it is, or
after converting it to another product.

In the process of the present invention, the reason

15 why the catalytic activity can be maintained for a long
term and the reaction can be carried out in the milder
reaction conditions, is not surely obvious, but it is
considered as follows. Namely, with the catalyst reacted
with a hydrogen halide, the catalyst is usually too

20 activated, whereby polymerization reaction of propylene
itself is accelerated in the reaction of propylene and
hydrogen chloride. And, an oligomer of propylene formed
by the polymerization covers the surface of the catalyst
and rapidly reduces the catalytic activity. However, the

25 catalyst in the present invention, especially the

halogenated aluminum oxide, has a suitable activity,

whereby it is considered that the reaction of hydrogen
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APPLI CABI LI TY According to the process of the present invention, isopropyl
chl-ori de can be produced in advantageous conditions as conpared with
conventional processes. 5 Nanely, the process of the present invention can
be carried out at a |low tenperature and o @ | ow pressure, as conpared with
t he conventional processes. Further, int e process of the present
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process, operation. ong termis possi And chl ori de can be
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present invention is an which is useful for an industrial 17 CLAIM5 1. A

process for praddgingni;eapieny! ighligeirde, avhachtaerphysesteedsli Agr
propyl ene and hydrogen chloride in a gas phase, in the presence of iron or

a hal ogenat ednbaaktiffontimexpedént2roThe peedesas acepaddingotrostliai'm 1,
wherein the hal ogenated al um num oxide is alum num oxide reacted with a
hydr ogen hal bd¢tof., Fheiprecmssiateorfdirng medttanm dromn2agwhepéicnral
chemical, or the like.
10 EXAMPLES
Now, the present invention will be described in
detail with reference to Examples (Examples 1 to 8) and
Comparative Example (Example 9). However, it should be
understood that the present invention is by no means
15 restricted by such specific Examples.
EXAMPLE 1
6 g of spherical aluminum oxide (average particle
size: 3mm, pore volume: 0.5 ml/g) was packed in a pipe
type reaction tube made of stainless steel having an
20 internal diameter of 20mm and a length of 300 mm and
provided with a jacket. While the reaction tube was
cooled by water at a temperature of 25°C, hydrogen
chloride gas diluted with nitrogen gas to 3 vol%
(temperature: 60°C, pressure: 1013 hPa, velocity: 1lL/hr),
25 was supplied thereto for 2 hours. Then, while the

concentration of hydrogen chloride was gradually raised,

the diluted hydrogen chloride gas was supplied to the
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with the aluminum oxide treated by alogenatlon, to
adjust the pressure in the reaction tube to 2026 hPa and
the outlet temperature of the reaction tube to 50 % 10°C.
After the space velocity of the mixed gas, the pressure
in the reaction tube and the outlet temperature of the
15 reaction tube were adjusted to the above values (this may
be referred to also as after the stabilization, the same
applies hereinafter), the gas at the outlet of the
reaction tube was analyzed by gas chromatography. The
conversion of hydrogen chloride was 99%, the conversion
20 of propylene was 94%, and the selectivity for isopropyl
chloride was 98%. Furthermore, the results after 100
hours and 200 hours, when the mixed gas of propylene and
hydrogen chloride was continuously supplied for 200 hours,
are shown in Table 1. No decrease was observed in any of
25 the conversion and the selectivity.

EXAMPLE 2

The operation was carried out in the same manner as
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The operation was carried out in the same manner as
in Example 1 except that the hydrogen chloride gas
reacted with aluminum oxide was changed to hydrogen
fluoride gas. The results are shown in Table 1.

15 EXAMPLES 5 to 7

The operation was carried out in the same manner as
in Example 1 except that the space velocity was changed
as shown in table 2.

EXAMPLE 8

20 About 5 g of an iron wire (purity: 99.9%) having a
radius of 0.05 mm (surface areas: about 5000 mm?/g), was
packed in the same reaction tube as in Example 1, and a
mixed gas of propylene and hydrogen chloride
(propylene:hydrogen chloride = 1.05:1 (molar ratio)) was

25 introduced at SV = 100 /hr, to adjust the pressure in the
reaction tube to 2026hPa, and the outlet temperature of

the reaction tube to 60 * 10°C. After the stabilization,
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the mixed gas of propylene and hydrogen chloride was
continuously supplied for 200 hours, are shown in Table 1.
The catalytic activity was maintained, and neither the
conversion nor the selectivity was changed.

10 EXAMPLE 9 (COMPARATIVE EXAMPLE)

The operation was carried out in the same manner as
in Example 1 except that aluminum oxide was used as it is,
without subjecting it to halogenation treatment. The
results are shown in Table 1. After the stabilization,

15 the gas at the outlet of the reaction tube was analyzed
by gas chromatography, and the conversion of hydrogen
chloride was 99%, the conversion of propylene was 93%,
and the selectivity for isopropylene chloride was 98%.
Further, the reaction was continued for 100 hours, and as

20 a result, the conversion decreased to 10% due to a
decrease of the catalytic activity.

In Tables, the conversion represents the conversion
of propylene, and the selectivity represents the
selectivity for isopropyl chloride.

25
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100 hours after | 200 hours after
after
stabilization stabilization
stabilization
Conver- | Selec- | Conver- | Selec- | Conver- Selec-
sion tivity | sion tivity |[sion tivity
Ex. 1 94% 98% 94% 98% 94% 98%
Ex. 2 94% 98% 94% 98% 94% 98%
Ex. 3 94% 98% 94% 98% 94% 98%
Ex. 4 94% 98% 94% 98% 94% 98%
Ex. 8 86% 98% 86% 98% 86% 98%
Ex. 9 94% 98% 10% 98% - -
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Immediately 100 hours 200 hours
Space after after after

velocity| stabilization | stabilization | stabilization

SV (/hr) |Conver- |Selec-|Conver-|Selec- |Conver-|Selec-

sion tivity|sion tivity|!sion tivity
Ex. 5 100 94% 98% 94% 98% 94% 98%
Ex. 6 500 91% 96% 91% 98% 91% 98%

Ex. 7 1000 86% 90% 86% 98% 8B6% 98%
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INDUSTRIAL APPLICABILITY

According to the process of the present invention,
isopropyl chloride can be produced in advantageous
conditions as compared with conventional processes.

5 Namely, the process of the present invention can be
carried out at a low temperature and at a low pressure,
as compared with the conventional processes. Further, in
the process of the present invention, the conversion of
propylene and hydrogen chloride is high, whereby the

10 remaining hydrogen chloride can be reduced, and post-
treatment will be easy, and corrosion of the reaction
apparatus can be suppressed. Further, it is not required
to employ an expensive apparatus made of a corrosion-
resistant material. Further, the catalytic activity can

15 be maintained for a long term, and a continuous
production process for a long term is possible. And
further, isopropyl chloride can be produced by using
propylene which is cheaper than isopropyl alcohol. From
the foregoing, the process of the present invention is an

20 excellent process, which is useful for an industrial

operation.
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10 temperature at the time of reacting propylene and
hydrogen chloride is from 20 to 100°C.
4. The process according to any one of Claims 1 to 3,
wherein the pressure at the time of reacting propylene
and hydrogen chloride is from 900 to 3039 hPa (absolute
15 pressure).
5. A process for producing isopropyl chloride, which
comprises reacting propylene and hydrogen chloride in a
gas phase, in the presence of aluminum oxide obtained by
preliminarily reacting a hydrogen halide and aluminum
20 oxide.
6. A process for producing isopropyl chloride, which
comprises packing aluminum oxide in a reactor,
preliminarily reacting it with a hydrogen halide, and
then introducing a mixed gas of propylene and hydrogen
25 chloride to the reactor to react propylene and hydrogen

chloride in a gas phase.

7. The process according to Claim 6, wherein the outlet
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pressure in the reactor is from 900 to 3039 hPa.
9. The process according to Claim 6, 7 or 8, wherein the
5 space velocity of the mixed gas is from 100 to 1000/hr.
10. The process according to any one of Claims 6 to 9,
wherein the average particle size of the aluminum oxide

is from 0.5 to 5mm.



