25 MAY 2006 1 DESCRI PTI ON PROCESS FOR PRODUCI NG | SOPROPYL CHLORIZSBMAY 2006
TECHNI CAL FI ELD The present invention relates to a process for 5 producing
i sopropyl chloride. BACKGROUND ART As conventional processes for producing

i sopropyl chloride, the foll ow ng processes are known. (1) A nethod of
reacting isopropyl alcohol wth 1o hydrgchloric acid (DE509265, BP1042705).
(2) A method of reacting propylene with hydrochloric acid or hydrogen
chloride in a solvent (FR1526687, DEL8Q38Q5; DE1801716, USP4661341,
JP-A-60-178831). (3) A nethod of reactifng—propyl ene with hydrogen 15

chloride in a gas p Fgﬁ@ zWhi ch is not
reacted with a hydr E%?r;? al i (i]Irig A- gg %%@O%B%\A%%E?Pﬁt he conventi onal

processes %@ﬁﬁigV@ﬁgLDprobl ens. 20 In the process (1),

the conversion is

| ow. In the—process—(2); when the reaction tenperature is high,
pol ymer i zat| on pho Pk PBYLERC1 AGEHES onaBM16RECREALY LhbocdE indily remarkably

decreases. when the reaction tenperature is |ow, he conversi on decr eases.

Further 5 23dduddend | oy s §9P1 abRi HgikBe reaction product,

BACKGROUND ART

t he

As conventional processes for producing isopropyl

chloride, the following processes are known.

(1) A method of reacting isobropyl 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.

25 in the ligquid containing the reaction product,

Further,

the

corrosive catalyst is accompanied, whereby there is a

problem that the purification process may be complicated,



corrosive catalyst is acconpani ed, whereby there is a problem t RtMAK£006
purification process may be conplicated, 25 MAY 2006 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 maintain the tenperature at $he tinme of the 5 reaction at a
hi gh tenperature of, about 100C or higher, and the pressure at a high

f m. 65_h i | E h
pressure Ocmﬁgroc:ﬁfe%%g}dﬁ%c 2 yﬁ%ﬁa‘é% 0655 P%qlﬁligﬁﬁe%'ﬁg YaaEublener

hydr ogen sup So at préessure. I'n “order to

maintan the, Pragaa Wl A VIe0els £O L A d0r 101 De et ! 1 redulred

to enpl oy an expensive apparatus nade of a corrosion-resistant’ naterial.
Thus, the v 'f%gg ocessgs havye b di ou i ndustri al
processes. %?%%E%%!R CFRQHEQ$§VENTI algfl? i%@%%&%%?%gt g?aﬁﬁg present

| nvention {0l f e, 3Reme ProDLEIS: e PeeseNe | BHENEIQD BEOYdes a

process for producing 1sopropyl chloride,” which conprises reacting

propyl ene and Aydrpgen @!ﬁéﬂ%ér&@r%@@ﬁ%bo&@ 1 hee IS of iron or
a hal ogenat ed al um num oxi de. 20 ST MODE FOR CARRYI NG OUT THE INVENTION In

the present dHaveid Preddierd enctd oni g Propyhenesr agidohyds ogen, chloride is
carried out in the presence of iron or a hal ogenated al um num oxi de.
namely about 5065 hPa, respectively. Further, hydrogen
chloride had to be supplied also at a high pressure. 1In
order to maintain the pressure of the hydrogen chloride
10 to be high, it is required to employ an expensive
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



The iron is preferably iron having inpurities 25 reduced as |itt25éV1AY 2006
possible, i.e. the ironis preferably one having a purity of 90%to 100%
(mass basis, the sane applies hereinafter), and nore preferably one 25 MAY
2006 3 having a purity of 95%to 100% and further nore preferably one
having a purity of 98%to 100% The iron3in the present invention, may or
may not be subjected to pre-treatnent such as activation treatnent by

contacting Bt nW 4h £.9.c hE @gen «hlgyds 'eﬁn\@eﬂ‘{brtg}?elprr@d%§ eatment is to
od can

be carried out, a usual pre-treatnent neth e suitably applied.
Fur t her, th%rte_@re'ina‘%flf\/t hed 1R ingy ROLuMant Iguladd wed 11dded, fid iidod S

preferably be iron o 't near, net, or spherical form having a |l arge

surface 10 apeapWhelehy it e Riftath A%l At AMSIndNBLANBS A0 +8
generally considered to have a |l ow catalytic activity. However, the iron

present in F?@—E%%ttin%t Stemd Rdiadiedtmdric AP seE£dc 19ghave the
sane effect as that of ferric chloride which is one of the 15

Fri edel -£r afitsweahaley t.s hy@s e sWifacad.s agkhvahedphy -t traat i on with
hydrogen chl oride. The surface area of the iron is preferably at |east 150
e/ g, noreispref eeablayrdfed east, ESRRUATR ke futiddeien®mefied edabl ye at
| east 3000 mm 2/g. 20 Further, the hal ogenated al um num oxide in the
present inventicably appldfeer.abFyraham nuheoXbda péachediron is not
particularly limited, but it is preferably be iron of
linear, net, or spherical form, having a large surface
10 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
system in this invention, is considered to have the same
effect as that of ferric chloride which is one of the
15 Friedel-Crafts catalysts, as the surface is activated by
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



with a hydrogen halide. As the hydrogen halide, hydrogen fluorideMAY200@en
chl oride, hydrogen brom de and hydrogen iodide may, for exanple, be

menti oned. Anong 25 these hydrogen halides, hydrogen chloride is nost
preferred, since it is available at a low price, it is wused in the reaction
of propyl ene and hydrogen chloride 25 MAY 2006 4 in the present invention,
and further, it can be easily handled. The formof the alum num oxide is

preferably eri r. farm_ | e . ri form
t he aver age%a???c?ﬁe’f%}egg ilgbgﬁgﬁg%éblayi]r%r%et&%s’t olog S@aﬁﬂp&?né%%ielgase of a
bl ock fornlh%hdgggpreferably one having such a size that it can be sieved

by a sieve o to 5 mm Further, the alum num oxide in the present

nvention s prafer ably e YNGR SAUAUNE; Urd£ oMY, 0,05 to 2 m /g,

nore preferably fromO0.1 to 1 m/g. As a net reacting the al um num

oxi de and as Rudsegenchakidex &o¥ethodnotnhpackipootkhe abwginwpoxide in a
reactor, and then supplying the hydrogen halide to the reactor, may, for

exanpl e,5 bergpRt i eARIavERESelDattdiager ihal iide Jrar iy, addfud &5 feggmor in
a gas form Fromthe point that it is possible to treat a |large anount

effectivel ys fhe hydregenchabi de knbacgrstbenm is ipr ghereedblft drike tinme of
treatnent, the alum num oxide and the hydrogen halide may soneti nes
vi gorously heving such a size that it can be sieved by a sieve of
0.5 to 5 mm. Further, the aluminum oxide in the present
invention is preferably one having a pore volume of from
10 0.05 to 2 ml/g, more preferably from 0.1 to 1 ml/g.

As a method of reacting the aluminum oxide and a
hydrogen halide, a method of packing the aluminum oxide
in a reactor, and then supplying the hydrogen halide to
the reactor, may, for example, be mentioned. This

15 hydrogen halide may be in a liquid form or in a gas form.
From the point that it is possible 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



20 reacted, whereby heat generation or a formation of water nay 25MAYP08Ge.
Therefore, it is preferred to dilute the hydrogen halide by using an inert
gas to the alum num oxide. The inert gas can be a nmedi um which renoves the
heat of the reaction of the alum num oxi de and the 25 hydrogen halide from
the reactor. Further, in a case where wager is fornmed, it is preferred to
renove it out of the reactor together with the inert gas. As the inert 25

MAY 2006 5 s, Nni , l 4 , , exanpl e,
Thdl T LA 42 AT AR 00, T, b S

be mentioned. Wen the a actor’is Treacted with
t he hydroge@?gﬁkhggiﬂgaﬁéﬁgggﬁgdn it is 5 preferred to dilute it so that
: .

the anount o e hydrogen halide would be from0.1 to 10 vol %

particularly  prgfsfably d10MAuh 0o fid0! 3ackoat b takak<appypt jof the
hydrogen halide and the inert gas, in the initial stage of the reaction.

Then, it isdjapefey ed o ety déh 1oh B1RP! ¥n thegss! ¥bed hydregen halide
till the heat of the reaction is no |longer generated in t he reactor.

Further,s aphereee eld gilafcgenersd i inofcideaheaht obft bge hpaebyen, it is
preferred to raise the concentration of the hydrogen halide so that the

concentrati aalotid houls maragen dal ite W Yol naphytbeulPiyolt (nanely,
the hydrogen halide which is not diluted with the inert gas). |If the
concentr at i piredleraid yhyfdicogen dwli deolis, ried stk total amount of the
hydrogen halide and the inert gas, in the initial stage
of the reaction. Then, it is preferred to continue to
10 supply the diluted hydrogen halide till the heat of the
reaction is no longer generated in the reactor. Further,
after completion 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 will finally be 100 vol% (namely, the
hydrogen halide which is not diluted with the inert gas).
If the concentration of the hydrogen halide is raised,
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



the heat of the reaction will usually be generated again. It isZMA¥RPRY
to raise the concentration of the 20 hydrogen halide gradually in order to
avoi d abrupt generation of such heat of the reaction. Further, it is
preferred to continue to supply 100 volt of the hydrogen halide till the
heat of the reaction is no |onger generatgd. Further, when the al um num
oxide is reacted 25 with the hydrogen halide, it is preferred to carry out

t he reactio%ﬁ%h& zﬁﬁfgg%tgigﬁgﬁﬁ#ygxgéekg§'éggggggtgglMit%p%tgﬁceed 200C

due to the heat o e reaction h anount of e al um num

oxi de to be fg% 1 th: § he . i i bl u an anount
that t he tg{r% eratur \éﬁ%%({l%é la%]ﬁ%g%]%g%eggﬂl gﬂgéﬁé%lge&%f(%%@eat j[he
time of reacttén@%ra‘ic&@ 5@a@ﬂ@rai&npﬁuﬂa8§f&%mmtHgtale AMQpoge 1S
preferably one having a structure which can be cool ed. en the reactor

havi ng such g stydctie 45 Hsed, i Hhe al um num oxi de reacted with the
hydr ogen halide can be used to the reaction of propyl ene and hydrogen

chlorideg 10 as jiei Sep@EkBIbMoENBaEREA! QF chPREEI GUbE LM idxife Ry eferred
to use a reactor having a structure provided wth e.g. a jacket cooler, as

the reactor gy fafdiy1 PWne e 1:80C4 | Obr@Ethhe fhyshnyAho¥ede saned.he
hydrogen halide, since it is thereby easy to control the reaction 15 when
the fol | ow mghdreagid ored tdhendr DRy | eha€handst Aecture is used, the
aluminum oxide reacted with the hydrogen halide can be
used to the reaction of propylene and hydrogen chloride,

10 as it is packed in the reactor. Particularly, it is
preferred to use a reactor having a structure provided
with e.g. a jacket cooler, as the reactor to carry out
the reaction of the aluminum oxide and the hydrogen
halide, since it is thereby easy to control the reaction

15 when the following reaction of the propylene and the
hydrogen chloride is carried out. Further, the aluminum
oxide reacted with the hydrogen halide may be transferred
to another reactor to carry out the reaction 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



hydrogen chloride is carried out. Further, the alum num oxide r 2NMAY 20¢ h
t he hydrogen halide nay be transferred to another reactor to carry out the
reaction 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 formto the reactor or the |ike packed with the iron or

the hal ogengted: @ duriim oxd dgood 0! | yedhdyndasr 251 phasecneapthgfor!t is
preferred that propylene and hydrogen chloride are prelimnarily m xed and

then suppliddndhandaeiHr  sWORr £6Yit68, ekthehensy gkebheo25glYAX L2006 7
reaction will be good. As the material for the reactor, a conmon materi al

such as iromastsd hessesder) wsegl ass may be preferably used. The
tenperature for reacting propylene and hydrogen 5 chloride is preferably

from 20C to 100Crh&ot emppr&ferabkyrf reacd@agt proefGleHer end hyidsdyef erred to
control the supply anobunt and the supply tenperature of propyl ene and

hydr ogenschlatlidieldsoi ¢ hatefdealbbactron 20&npes ataoe wWinldrde within the
above tenperature range, 10 and further, the cooling of the reactor is
carried out mefditeblastroreqldiCso WER .t hBetenpétalor prddeirngdt he reaction
is at least 20C, condensation of formed isopropyl chloride will be little,
and the surfeoewfl ttlee supply amount and the supply temperature of
propylene and hydrogen chloride, so that the reaction
temperature will be within the above temperature range,

10 and further, the cooling of the reactor is carried out as
the case requires. When the temperature during the
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 1s 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



iron or the alum numoxide will not be wetted with the 15 i sopro@fIMAY 2006
chl oride, whereby the catalytic effect will be mintained for a long term
such being desirable. Further, in a case where the tenperature during the
reaction is at nost 100C, polynerization of propylene is reduced, such
bei ng desirable. The reduction of the 20 gol ynerization can avoid the
probl em that the produced oligoner covers the surface of the catalyst

whereby theppgalatytis effect by dngteaned, BuLther ot i prsssure pt the

time of reac en n chlioride’inthe present 1nvention,

2515 TS, RSN eI O (SIS ) W Sttt

applies), nore preferably from'l r nore rably

from 2026 t8h§8§9d%5‘rv%\f %ggg‘i%&}éh%&d b d %ﬁoﬁﬁd eidséﬁp%he pressure of

the reaction 1s at [east , Sincet ng p i sopropyl

chl ori de wi L1 Be; BEoRanand LhS:RLoduced dsopr opyl-cyehl 0nikde can be easi |y

recovered. Further, IS preférred that the pressure of the reaction is

at nost 5 3039.RBayc8i REQL thkS phheehy M HRAUWIRD i, ePl oy st expensi ve
apparatus having acid resistance and capable of raising the pressure of

hydrogen chkosbdapho 8ihicghitl ekelenel@plheydmlaigdiatdd «f MRy edre and
hydrogen chloride 1is not particularly Iimted. For the purpose of :
expensive apparatus having acid resistance and capable of
raising the pressure of hydrogen chloride to a high
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’].



increasing the efficiency for recovering isopropyl chloride, rrai%‘?t“ﬁi‘?ﬁzﬂﬁ‘s
the reaction pressure, reducing corrosion of the apparatus due to remaining
unreacted 15 hydrogen chloride, or the like, it is preferred to use

propyl ene in an anmount of from equivalent to excess, the amount of

propyl ene to hydrogen chloride is preferably from1l to 1.5 tinmes by not,
nore preferably froml to 1.1 tines by not. 20 The space velocity (SV)

[unit: /hr] nEek1SUPRIEEYY RIARY:! eng-jand hydrogen chloride to the reactor,
is not particularly Iimted so long as it is a level within such a range

that the above MM &rIBE L SEMReE oW thObr§adsHeoraipLai ned,
usually it is preferred that Sv=100 to 25 1000/ hr. Here, the space velocity

is the rati %r@fsefn&e inRintt®nelee e it sHd Wi Ihe daterdadedidd [unit:
n3/hr] to the volune of the reactor (V) [unit: nB]. 25 MAY 2006 9 Nanely,

SV=F/V [uni brodhkl.. | sner gagkoabl esbgeocbolmed lorithe ipr @eeFerefblhe present
i nvention, can be obtained usually as a gaseous product. The gaseous

i sopropyt chbetliede ansl pidflescakidy & eodliefiiahreddect eduashad,i gHed product.
Further, the isopropyl chloride is preferably purified, as the case

requires, assobriopyln chlgaserus sf grafeorakdivt grudiifgiust, eds thdecaswsi fi cation
nmethod is not particularly limted, and wusual deacidification treatnent,
col um chrometiograpghy 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, 1s 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



10 distillation or the like, may be mentioned. |sopropyl chlori @&MAY 208 by
the process of the present invention is a known conpound, 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
mai ntai ned for a long termand the reac{gon can be carried out in the

m | der reaction conditions, is not surely obvious, but it is considered as

foll : t d id th
(ol Love. NGl kAN SaLILYS! sceaghad sl dutuggen il [ de, the
propyl ene Aé}%fﬁjnéri a@f&ﬁ'gfa-b?ggg@ehgé FO@ICtE'(wix‘}’Egl%f ProRYIEne, 1an; - hydrogen

chl ori de. I goner ["en y the polynerlza Gon covers

the surfaceaf ey oala! ¥5tma gadanaeldly, Loucasd e SatAlo/daatdaTty.

However, t yst in the present inventiol espeC|a

hal ogenat ed- gl 4w N Ol dS» 1 RS rd 281l babbe %%B@ %%e mhereby it is
consi dered t hat the reaction” of hydrogen 25"MAY 2006 10 chloride and

propyl ere is nDig-pe6al Er ahed i ban dite it WiErdHatd A afs piopene, and
further, the catalytic activity can be maintai ned by avoiding the

'nconVenleﬂ&@es&@ﬂsﬂﬂvéﬂtibﬁ,pQEYGBéE&Qtb@naO%tB&Qﬁﬁbe&%teilbﬂpﬁﬂﬁpy|
chl ori de obtained by the process of the present invention, is useful as a
starting nederaptiforling pathtoubi bg paiedt akoab@aused fas anig 'y for ship's
bottom, an intermediate for a medicine or an agricultural
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: 1L/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



bottom an intermediate for a nedicine or an agricultural cheni GaMA¥209Ge
i ke. 10 EXAMPLES Now, the present invention will be described in detai
with reference to Exanples (Exanples 1 to 8) and Conparative Exanple
(Exanmple 9) . However, it should be wunderstood that the present invention
is by no neans 15 restricted by such speghfic Exanples. EXAWPLE 1 6 g of
spherical alum num oxi de (average particle size: 3mm pore volune: 0.5

m / was [ Hpﬁ d st eel
hav?%g an ggggggéP%a? gléneter gyfq%%%fgﬂﬁy ég%é% %fB%gé%n§§§d provi ded
with a jacket Whide he rpaction dihe £d by, vaier ah,a tenperature
of 25C, hydrogen chl'Gri e gas W t nltrogen gas to 3 volt

(1enper at ur g 696, %%%U@l‘if\;anr% Mo DY waly%;rl%l%éewaél%pp' ed

thereto for i1"'e the conce ration rogen chloride was

gradual |y rahgedeart Rerdidautied, hydragen-chlordde gas yas §&pp&h§9rt0 the 25
MAY 2006 11 reaction tube, so that the concentration of hydrogen chloride

was 100 yol Bb%EE%dt% RQURS, Jut RS hdlyerdPdyY ©fedhifehyds PgeReChl ori de

gas was continued til t he heat generation in the reaction tube was no
| onger 5 obgqhmgquhoo@gEky out the hal ogenation treatnent of the

The mixed gas of propylene and hydrogen chloride
(propylene:hydrogen chloride = 1.05:1 (molar ratio)) was
introduced at SV = 200 /hr into the reaction tube packed

10 with the aluminum oxide treated by halogenation, 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



al umi num oxi de. The mi xed gas of propyl ene and hydrogen chl ori de 25 MAY 2006
(propyl ene: hydrogen chloride = 1.05:1 (nolar ratio)) was introduced at SV =
200 /hr into the reaction tube packed 1o with the al um num oxi de treated by
hal ogenation, to adjust the pressure in the reaction tube to 2026 hPa and
the outlet tenperature of the reaction tybe to 50 10C. After the space

vel ocity of the m xed gas, the pressure in the reaction tube and the outl et

temper at ur e 1gf gigphS neagtian: tuba were adidisteth to Lhe.ahoye; ¥al Hes (this

may be referred to also as afte I zat1on, the sanme applies

‘hereinafter}pahhes0as & ddie it ef1: @i dlie o¥ £BLCt | ONeddhepyas; analyzed by

gas chromat ography. The conversion of hydrogen chloride was 99% the

conversion 2@ af ppf ORrRN& INAFO4% . angh tdhe. sehectiadtir f Ard soRswpY!
chloride was 98% Furthernore, the results after 100 hours and 200 hours,

when the m xed7mgas of, .propyl ene and hydrogen chloride was continuously
supplied for 200 hours, are shown in Table 1. No decrease was observed in
any of 25 theaeenwension and the selectivity. EXAMPLE 2 The operati on was
carried out in the same manner as 25 MAY 2006 12 in Exanple 1 except that
the spherical alThd riparedideh wass cdenpedl ot biwckhé osamal mahnum axi de
(sieved by a sieve of 3 nm pore volune: 0.5 m/g). The results are shown
in Example 1 except that the pressure in the reaction
tube was changed from 2026 hPa to 1013 hPa. The results
are shown in Table 1.
10 EXAMPLE 4
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,



in Table 1. 5 EXAMPLE 3 The operation was carried out in the sam@SMhEaP0Gs
in Exanple 1 except that the pressure in the reaction tube was changed from
2026 hPa to 1013 hPa. The results are shown in Table 1. 10 EXAMPLE 4 The
operation was carried out in the same manner as in Exanple 1 except that
the hydrogen chloride gas reacted wth ghum num oxi de was changed to

hydr ogen fl uoride gas The results are shown in Table 1. 15 EXAMPLES 5 to 7

The operati Qo arried oyt 44 t({}e Jmoner aé%}fé qﬁg%&%ﬁ‘(% xcept

that the space ve 00|ty was change as shown 1n 20 About

5 g of an |:_E39ng%{|(§r§:1lﬁ q(ga{tt%a?gnp% A@vdﬂr‘]@ n&é‘éjéf'énoéf Ohgglf,g%%l(lsurface

areas: about-5 pac | e sane reactl as 1n

Exanpl e 1, of (oToVAN-1(1-H
(propyl ene: hygrog’glgr?c o%%%e :t}%OS 1 (no Jf&? ra?%;]p l&}?éo‘%gl ntroduced at

SV = 100 / hg, 4t dj r t 2026hPa, and
Che out ot TBRpaTatira ol The rebety 6t UBe (G 60 " ToCHTAr {0 the

stabi | i zat i @0y 28 MYRIG AR ¢ 4 heras Bfo thsuatded 9o theurgackihen tube

was anal yzed
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 1is,
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



by gas chromat ography, and the conversi on of hydrogen chloride RaMAY2004 he
conversion of propylene was 86% and the selectivity for isopropyl chloride
was 98% 5 Further, the results after 100 hours and 200 hours, when the

m xed gas of propyl ene and hydrogen chloride was continuously supplied for
200 hours, are shown in Table 1. The catgalytic activity was nai ntai ned, and
nei ther the conversion nor the selectivity was changed. 10 EXAMPLE 9

( COVPARATI VE EXAMPLE) The operation was carried out in the same nanner as

in Exanple 1 except that al um num oxide was used as it is, wthout
subjecting it to halogenation treatnent. The results are shown in Table 1.
After the stabilization, 15 the gas at the outlet of the reaction tube was
anal yzed by,gas ¢hromatography, and the conversion of hydrogen chloride
was 99% t he—convyerston—of—propyhene—was—93%—ang—the—setectivi-ty— or

i sopropyl epe chl gri dg a8 3%, HRurther, the reaction was continued|for 100

hours, andj as 20|a result, thé cdnves siQrsescteasedh e 1OYedusrtara
decrease of the gatal ytisgeactivitlyy. In Tabl es, the conversion represents the

conversion| of priopyl ene, and theg setgsiividyidseplesepdisitbhearsehectivity
for isopropyl chliogit@®ildzazd MAY 2006 14 Table 1
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% - -




| medi ately 100 hours after 200 hours after after stabilizationst2AAY2806 on
stabilization Conver- Selec- Conver- Selec- Conver- Selec-
siontivitysiontivitysiontivity Ex. 194998%94%98%94%98% EX.
294998%04998994%98% Ex. 394908%04998%04908% Ex. 494%98%94%098%04998% Ex.
886%08YB86Y98%B6%08% Ex. 994998%10%98% - 25 MAY 2006 15 Table 2 Space

| mredi atiehy <190 hours 200 hours vel ocityafter

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% 86% 98%




after after stabilizationstabilizationstabilization SV (/hr) Conveé5S-M&¥|28¢6
Conver- Sel ec- Conver- Selec- siontivitysiontivitysiontivity Ex.
510094998994998%04998% Ex. 650091%96%91%98991%98% EX.
7100086900%86%08%B6908% 25 MAY 2006 16 | NDUSTRI AL APPLI CABI LI TY According to
t he process of the present invention, iﬁgpropyl chl oride can be produced in
advant ageous conditions as conpared with conventional processes. 5 Nanely,

(he Brocess gy iesRE3E pLauepnhon can b cartied oul ol o low | T
processes, Furt Hetpoipal 18 REGCSIPal.d e WSl Loyentiof. e, conversion
iy ogen hl kBB gan Rk elcedy saoaRRe ol OBl e 0 end
required 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 Dbe 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.



to enpl oy an expensive apparatus made of a corrosion- resistant raMAY 4p06
Further, the catalytic activity can is be nmaintained for a long term and a
continuous production process for a long termis possible. And further,

i sopropyl chloride can be produced by using propylene which is cheaper than
i sopropyl alcohol. From the foregoingi7the process of the present invention
is an 20 excel lent process, which is useful for an industrial operation. 25
MAY 2006 17 CLAIMS 1. A process for producing isopropyl chloride, which

conprises reacting propylene and hy, chloride in a gas phase, in the
presence of a hal ogenated aluninun1é%;§g§§2. The process according to Caim

1, mhereiﬂ t he haloggﬁated aLuninunquhﬁek%s ahuninun1oxige reacted with a
hydrogen Hal i dé* PECSTHE BPERANE 1sqROBY A deo VB SRmPrisHEP BT AP at ure at
the time ahdhg@6téndhlorfded ¥ lg@NEhase)Gn e Pradeie of BlhalokeitatddsallimPiimiéXided® 100C. 4.
The process according to Claim1, wherein the pressure at the tinme of
reacting propylene and hydrogen chloride is from900 to 3039 hPa (absol ute
prossure) 5.5 MHORGESSadeakifl RIORAY, NGRRIPRK naAGlAikd Sl GRIRT | SeS
reacting propyleng and hydrdgen chlofide in a gas phase, in the préesence of
al um num ahindieuralixaienedtddywitlpa Bydrogendraliley reacti ng a hydrogen hal i de and

al um num oxi de. 6. A process for producing isopropyl chloride, which

conpri ses packing alum num oxide in a reactor, prelimnarily reacting it
with a hydr ogemhBardddes aBeiidd &N Clath ! 10 kHetdi® tépafatiRCat GRS tiffe G @RXihgne and

hydrogen chloride to the reactor to react &ropylene and hydrogen chloride
in a gas pepyéene and hydrogen chloride is from 20 to 100°C.

4. The process according to Claim 1, wherein the pressure at the time of reacting

propylene and hydrogen chloride is from 900 to 3039 hPa (absolute 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 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 chloride to the reactor to react propylene and

hydrogen chloride in a gas phase.

7. The process according to Claim 6, wherein the outlet temperature of the reactor is

from 40 to 70°C.

8. The process according to Claim 6, wherein the pressure in the reactor is from 900
to 3039 hPa.

9. The process according to Claim 6, wherein the space velocity of the mixed gas is

from 100 to 1000/hr.



7. The process according to Claim6, wherein the outlet tenperat P MAY 200
reactor is from40 to 70C. 8. The process according to Caim6, wherein the
pressure in the reactor is from900 to 3039 hPa. 9. The process according
to Claim6, wherein the space velocity of the mxed gas is from 100 to
1000/ hr. 25 MAY 2006 18 10. The proces$8according to Caim6, wherein the
average particle size of the alumnumoxide is fromO0.5 to 5nmm 11. The
process according to Claim6, wherein tenperature at the time of reacting
propyl ene and hlydr ogen chloride is from20 to 100C. 12. The process

accor di ng 0o CTaermradess whearding toetrisém a, uwkerein thaeaverage meftidesizei efgthe

pr opyl eneéizl-lur}lgi1 E%dr O&ﬁgfrgrlﬁl(fﬂodﬁmin.s from40 to 60C. 13. The process according

to Caim erern e pressure in the reactor is from 1013 to 3039 hPa.

14. The process according to Caim 13, wherein the pressure in the reactor
is from 2026 to 3039 hPa. 15. The process according to CaimZ2, wherein the
hydr ogen Hdt i ddhePreseen agerding fn Glaiged: visreimpempsrgpiesat the dgregeingagtved ai m 5,

wherein t i i ride. 17. The process accordi ng
to Cdaim gj?owéeﬁr%gigﬁw(ﬂgééﬁlﬁrl%gjeeﬁyﬁg@??go ilg@)gdr ogen chloride.

12.  The process according to Claim 11, wherein temperature at the time of reacting

propylene and hydrogen chloride is from 40 to 60°C.

13.  The process according to Claim 8, wherein the pressure in the reactor is from

1013 to 3039 hPa.

14.  The process according to Claim 13, wherein the pressure in the reactor is from

2026 to 3039 hPa.

15.  The process according to Claim 2, wherein the hydrogen halide is hydrogen

chloride.

16.  The process according to Claim 5, wherein the hydrogen halide is hydrogen

chloride.

17.  The process according to Claim 6, wherein the hydrogen halide is hydrogen

chloride.



