SPECI FI'CATI ON  PROCESS FOR PRODUCI NG HYDROXYL GROUP- CONTAI NI NG COMPOUND
FIELD OF THE | NVENTION 5 The present invention relates to a process for
produci ng a hydroxyl group-containing gonpound by hydration reaction of

an aliphatic double bond having conpound with water, and nore
particularly, it relates to a. process for produ0|ng an alcohol wth -
hydration of olefins. 10 BACKGROUND OF THE I NVENTI ON Al cohol, production by
hydrati on of ol efins has conventional |y been carried.out by a process of

using an acid catalyst such as s é d and the like.- In the process
of uging sul furic acid, an oleflrsg éiﬁ ¥o0 react with water 15 in the

resence of furic acid to generate a sulfuric ester and then it
'EydrOIyzes'%%gégﬁﬁrg@% ERQPHGENﬁlﬁgﬁBPXYA FEPUP-EONTAIAGNS! G®MRO@ar ed by
separating an unreacted olefin, water and byproducts fromthe crude ‘

al cohol with rectification or other nmethods. In the production nethod,"
sul furic acid 20 necessary for the production of the sulfuric ester is in

an anount equinolar with ol efEDD omnehy EmvERrmeyof weight, of 70 %~
Therefore, because a | arge anount of sulfuric acid having high corrosive

~ properdies is presefiteddtst e di8ast Q(eiattlé' stgraog)%%les@ag%o%erl ngégglr 2”5 |
| such that- troubles caused by corrosion of ria
easi | y 2l né'%éﬂ?yi }&CRHJJICQSMILHJ_DQ compound by hydratlon reaction of
an allphatlc double bond having compound’ w1th water, and more
 particularly, it relates to a procéss for producing an alcohol
with hydratlon of oleflns
0 " BACKGROUND OF THE INVENTION
- Alcohol. -production by h_ydra’tioh of olefiﬁs has
: t:on;{rentibnally been carried o."ut by a process of using an acid
catalyst such as sulfuric acid and the like'.-‘-"i'n the process
of using sulfuric acid, an olefin is allowed to react with water
15 in the presence of. sulfuric acid to generate a sulfuric ester
( s . . and then it hydrolyzes to g‘enera‘te a crude élcohol. .A purified
alcohol is preparred by separating an unreacted olefin, water
. and byproducté :from the crude al.cohol with rectification or
other methods. In the producticon mlethod, sulfuric acid
20 necessary for the production of thelsulfuric ester is in an.
amount equimolar with olefin, nar.nelylin terms of weight, of 70 %
Therefore, because a large amount of sulfuric acid having high

corrosive properties is present inside a reactor, this process

has serious probléms such that troubles caused by corrosion of




préservation aspect and an operator has a danger of receiving sulfuric,
acid spurted in the safety aspect. After the hydrolysis, the separated
aqueous sulfuric acid 5 solution is again concentrated into an aqueous
sol ution of high concentration and then subnmitted to recycling. The

i ncrease of the nunber of steps necessary for the recycling increases,

- the cost of plant construction and the cost of heating necessary for the
concentration so.that the' process is uneconom cal. W 10 rnust consi der -

appar at us I ' i I tors. .but also steps where sulfuric
a(lf:JEOd havi ggd Qgr Iﬂ%&h@'clomn cééljﬁ%hr %ltll%cner ?a?epfsassel(tj)[u y t]hr}%uu% éi lnr?tthkée SRR ARREr so
that the provision.for corrosion results in _an increase of the maintenance
cost.. ThEWESTE® JiodhiaEPeESnf‘ﬁan?lﬁgo%ﬂﬁtiﬁlf d&crdIpRISThP §hreenteRRPat i on
15 constantly exhausted is necessary to be neutralized with sodi um

" hydr oxi de S&EVAAF &Gk Frarre s it dthe s frdcessdractto be treated as an

i ndustrial waste to increase the environnmental |oad: Under the
circunst ances, afges Pmabgdredgsion hoecepsrateddidiessly shdtationgcolef i n
and water with a phosphoric acid 20 supported catal yst has been devel oped

-as ref@errediteibat entaddinCeahtefSritba thtd Binl A SeHROGRSut fIrPBIECK UGB
al cohol. generated fromthe direct hydration, an unreacted ol efin, water

and byprodusbendreraeRanakctnly ceehitieal tanandoeihsr mibode. and V'

thereby purified al cohol is. prepare I'S proce een _
L Ccin,dUCt edo"fntﬂgnéfurﬁgéfso?eé:@eugse r%ehgegéa%)}? IE the recyclihg increases.

the cost of plant construction and the'cost’ of heating necessaryr )
for th-e:-'cénceﬁtration so that the process is _uhecénomical.. Wé
10 - must co__n-.s:_'Lder apparatus corrosion in not only reactors but also
: -éteps where sulfuric acid having a high concentration is passed
through in the'.same manner so trhat the préirision for. corrosion -
results in an increase of the maintenance cost. The waste
- liquid containing sulfuric acid in a high 'cloncentration
15 -constantly exhausted is necessary to be neutralized with sodium
( : hy&ro;“%ide etc and a resultant sulfate ié necessary to be treated
as an industrial waste to inc-rease the .environmental load.
Under the circum_stances, a gas phaSe reaction process of
directly hydrating olefin and water with a phosphoric acid
20 supported catalyst has been developéd as réferred to Patent
-literatures 1 to 3. 1In this process, from crude alcochol ..
generated from the direct hydration, an unreacted olefin, water
and byproducts are separated by rectification and other methods

and thereby purified alcohol is prepared. Thisprocess has been



sihplified as conpared with the process of using sulfuric acid and this
process has no danger of using a strong acid having a high concentration.
However, in general, this process has % a |l ow conversion rate of olefin
so that the production anmount of al coliol per volune is very |ow and
thereby a reactor becones too large and also the energy required for
recycle of an wunreacted olefin becones |arge. Further, there is a problem
~such that the catalyst capabilities of phosphoric acid used as 10 a
~ catal yst nent_.are | owered by scattering thereof with the progress of
t he react gglgd%%ﬁ: erelsy %é“%&do e 1A% fais%sl HRE e a?ﬁﬁ@éraﬁ?ocess
of -the direct hydration, a process of wusing a water-soluble heteropol yacid
“as a cat aPyEPlidd eledR CHAPIHREMIFEILRS REIERFRP T B SPagepul Filrécaturds 4 to
6. In this process, an olefin and water are directly subjected to _
hydr ati onangd thésppesense basanhedangpol gyAcising agenesad eactdideaalgghol .
Fromthe crude al cohol, unreacted olefins, heteropolyacid, water and
byproduct a highsepatahedabyoR0 restddé£atiwnyand: o1 hernh iBthasse aadnihereby
purified alcohol is prepared. Because heteropolyacid has |ow corrosive
. propergies,1bfhecomdi SNGNGE COr EQ%f%RPQBaEHét't?hégg)fcg’d’l?:gticpﬁna &pgt s
concentration of heteropolyacid in the reaction steps Is several ‘housands-
ppm per the..{ reaction kiquid and it is none too low, to
rake the tggoanloérr% %%?‘Ogé%?‘{nésla%\éf'regg _lLoﬂ and %here y a réactor becomes

toou_lar_g_‘e. and ‘_a'lso the energy required for recycle of an

(.

.‘unreac!::ed olefin becomes large. Further, -there ‘is a-problem
such that thercatalyst capabilities of phosphoric acid used as
- 10 . - a catalyst component are lowered by scattering thereof with the |
progress of the reaction and thereby the productivity is
lowéred. | |
: Aé- another process of-the direct hydration, a process of
-using a water-soluble heteropolyacid as a catalyst has been

15 developed as referred to Patent literatures 4 to 6.

P
%

‘In this process, an o‘lefin and water are directl;
subjected to hydration in the presence of a heteropolyacid to
generate: crude alcohol. From the crude alcohol, unreacted
olefins, heteropolyacid, water and byproducts are separatéd by

20 - rectification and other methods and thereby purified aicohol
is prepared. Because heteropolyacid has low corrosive
properties, thé maintenance cost for apparatus is improved, but ‘
the concentration of heteropolyacid in the reaction steps is

. several thousands ppm per the flow rate of a reaction liquid



Further, no small anpunt of heteropolyacid is constantly discharged and
thereby neutralization treatnent is necessary. Simlar to the sulfuric
acid process, the heteropolyacid waste 5 liquid constantly discharged is
necessary to be subjected to neutrali Zation treatment and a salt of ’
het er opol yacid generated after the neutralization treatnent is necessary
to be treated as an industrial waste to increase t he environnental | oad.

Meanwhi | e, because heteropolyaC|d is expen5|ve is 10 considered that
heteropolgaglqis se 1 g ste |d and subm tted to reuse.
In this caseth& % 0T ?He @ﬁ Fat1o ﬁco§8 tC2d PHAPBXEASHGECF88i n

treat nent step and the like is large to increase the production cost.
Addi ti onaffythernelfipFaRltafleust . téﬁﬁﬂiQﬂQ£ﬁﬂ¢hd1nauﬁqnﬁvamubylals is
27 15 and it is higher as conpared with other prior techniques so that the
product i oti ethacgedmnd $HepwdredeuPredtdsaes cof tushogeatchs ot abhey . '
catal yst other than the heteropolyacid have beén devel oped. For exanpl e,

‘there ar esinipioaesshef susfﬁglt:racflcugrzetzﬂété@nehé%é@@t@p@ﬁyécﬁa%é@E@r red
20 to Patent literature 7) and a process of using a titaniumsulfate

aqueoys mqﬁi@%&@&éﬁé%r&ﬁsé@afﬁérﬁs'ﬂéﬁé&#f tgé hl?%hrglﬁ%ecpt 56 5€S,

however, the catalyst in a reactor™ Inevita cén ?on |n
d t h t d t
?Lc?;asiﬁ@?%ﬁeéi‘%oﬁ%%%tea't%% ra%s?%éﬁ% &%ﬁéﬁ@fe‘% VeRsS gindatan

.catal yst are
y arter the neutralization treatment is necessary to be treated

{f- 7 :
o as an industrial waste to increase the -environmental load.
Meanwhile, because heteropolyacid is expensive, .it" 1s
_‘ 10 considered that heteropolyac:Ld J.S 88 ,pargteﬁ fJ;Qm the. waste
liquid and submitted te reuse. In this case, the cost for the .
.separation, such as ion exchange resin treatment step and the
like .is large to increase the production -cos-t. ~Additionally,
the mo_iar ratio of water to olefin in the raw materials is 27
16 and it is higher as compared ‘wi'th other prior techniques so that
( : the production efficiency is lowered.
Processes of using such a soluble catalyst other thaﬁ tlﬁe
heteropolyacid have been developed. For example, there are a
- process of using trifluoromethane sglfenic acid (as referred
20 to Patent literature 7) and a process of using a titanium sulfate
aqueous solution. (as referred to Patent literature 8).
y
In any processes, however, the catalyst in a reactor

- inevitably has a high concentration in order to promote the

reaction and thereby the production cost is increased. Further,



.increased so that the plant cost is also increased in.the processes. As
anot her direct hydration process, a process of using 5 a strong acid ion
exchange resin catalyst is also developed as referred to Patent o
literatures 9 to 11. In this process, an olefin and water are directly
subjected to hydration reaction in a reactor filled wth.a solid catal yst
to generate crude alcohol. Fromthe crude al cohol, an unreacted ol efin,
wat er 10 and byproduots are separated by rectification and other,nethods

and thereby_p i I praoduced. . When th rocess using t he
'sol ubl e cg¥alg ftsﬁ% gggsu Pg gg%ﬁ ToFPehErE: § o%%%HQTF Enptoyed, it
is necessarg to e a steg recovering the catal yst. Fbmever usi ng
‘the sol i d*BEEEPFSE, S?Stpﬁtl§ Gnﬁe€@§s&P§ttéseﬁﬂﬁ@ylpﬁée§ﬁeﬁidﬂlﬁevbverlng
the catal yst and also unnecessary to enploy neutralization treatnent of
acid  conpbhefnf8<€ontained in a waste liquid. But, in the process. of
using the solid catalyst, the catalyst is deteriorated with tine and it is

necessary.-to. i ks easethdwe dianquar alydre tdondpepease, 28 pHEcHEQUYE L DM N
order to keep a space tinme yield. For these reasons, the operation control

i's compl l@agracbdg:aaflf@@bnae@adandt;@fﬁéseﬂpeaeel%%n%&1&5 &1 85ea

srnultaneously Further, the eriorated cafal yst has to be regenerated

oo 6 FEEECh I PERORL L PEOREELLEE NS e MRS SRR
olefin and water are directly subjected to hydration reaction '
( ~in a reactor filled with a solid catalyst to generate crude
alcohol. From the crude alco.hol,., aﬁr unreacted olefin, water
.10 and byproducts are _separated by rectification and other methods
.a_nd‘ Vthereby'purified alcohol is produced. When the,;a'roc.ess of-
‘.-usi'ng the scluble catalyst such as sulfuric acid‘or
heteropolyaeid is employed, it is necessary to employ a step .
of recovering the catalyst. However, using tiae eolid catalyst,
'_.15' - i1t is unnecessary to employ- the step of recovering the catalyst
' { and alsc unneceesary to employ neutralization treatment of ar:id :
~components contained in ra waste liquid. But, in the process
of using the solid catalyst, the catalyst is deteriorated with
time and it is necessary to increase the temperature or decrease
20 . the production in order to keep a space time yield. For these
reasons, the operation control is complicated to affect a bad
influence on economic properties simultaneously. Fr.vlrutrher, the

deteriorated catalyst has to be regenerated to deteriorate the

- economic properties in- this. stage. When the catalyst cannot



cdt al yst exchange requires considerable several days to |ower the
production. Furthernore,. |large ambunts of catal yst wastes. generated are
inevitably treated as an industrial waste. 5 In addition to.the above
processes, many processes of using a.solid acid catal yst have been

devel oped. For exanple, a process of using ZSM5 zeolite as a catalyst is
disclosed as referred. to Patent literature 12. Furthernore, as a process

of "inproving the lifetine of the solid acid catalyst or 10 inproving the
referred to Patent

bilit d
e B B R ST LTS The

I|teratures
solid acid with tine is inevitable and the fundanent al

i mpr ovenefif Fﬁ)?’s h‘éXCkb‘?%‘é%srseég“t%e%é?@é’ssééﬁfablel§eﬁ(§r@ésdﬁb’§e‘do hbowe, on
present. shomnng, t hese ( conventional processes have inevitable problems
i ncl udi ngthedurrtialonlet dirdhatinonr ecalisedelmnoart ous ceasdpst wasiussri al -
waste treatnment and the |like. Previously, the present inventors invented a
di rect - - 2gehgdebedoarpr dnesstubihoureneed ak am aciqliaatiallysiadikt he .
production of al cohols by hydration reaction of an olefin and water as

refermsed to Patemtadidielah Ve e IBboe pﬁ?@@éésegt i ﬁgrs p@%c%%'s%sc%tfal ySt |
function, which is expressed near the critical point of “water.” ------
T ..,JE1ng ausolld‘ac1d catalyst have been_developedd For example, -
.;a.process of using ZSM~5 zeollte as a caialyst is dlsclosed as
_ referred to Patent literature 12. Furthermore, as a process
of improving the»iifetime of the eolid acid:eafalyst or
: IQ »improving-the capabilities theieef, some proeesses are
discleeed as referred to Patent literatures 13 to 15. However,
in any processes, the deterloratlon.of the solid acid catalyst
w1th.t1meils 1nev1table and the fundamental 1mbrovement for the
processes is necessarf.
15 . ' "ﬁgﬁdeecribed.above, on present showing, these
C;ﬂ- ' conventional processes have inevitable problems including
economicaldeteriorationcmuseeknrvariousIeasons,industrial
waste treatment and the like.
Previously, the present inventors invented a direcf
20 . hydration process without need of an acid catalyst in the
production of alceholS—by,hydration feaction of an oclefin and
water as referred to Patent literature 16. This process

utilizes an acid catalyst function, which is expressed near the

critical point of water.




‘Uilizing the technique, we have studied earnestly in order to further

i nprove the productivity. Thus, the present .invention has been
acconpl i shed. _Pat ent literature 1: JP—B—51(1976) 44915 5 Patent literature
2: JP-A-52(1977)-133095 - - - Patent |iterature 3: JP- A-53(1978) - 84906

Patent literature 4: JP-A-47(1972)-30608 Patent literature 5:
JP-A-47(1972)-31908 Patent literature 6: JP-A-47(1972)-31909 10 Patent
literature 7: JP-A-52(1977)-133910 Patent literature 8:

JP- A-52(1977) - %#%8&? Pat literature 9: JP-A—4 1974)-117412 Pat ent
literature 10 Qﬁﬂ% B Pat Ent37¢ etk ed19arnestly in
JP-A-49(1974) - 126609 15 Patent literature 12: JP-A-63(1988)-218251 Patent

literature-dsr Rr§Pf§96TPI@3ﬂ9%heH%ﬁ%#ﬂcﬁ4Y¥#¥ulﬂﬂhQEm tJR pr@sent -
(1996)-151339 Patent literature 15: JP-A-11(1999)-76836 . Patent
literatureuent i A 290384 657c@0 UBIRGT. OF THE | NVENTI ON It is an object-
of the invention to provide a process for producing a hydr oxyl

gr oup- coritaien ingl Conpotnce bly: hyplk@t$ 001 9T@Ac149ns of ~an aliphatic double
bond having conpound with water, 8 _
9 Patent literature 2: JP-A- 52(1977)—133093
Patent literaﬁure 3: JP-A-53(1978)~84906
Patent literature 4: JP-A-47(1972)-30608
Patent literature 5: JP-A-47(1972)-31908
Patent literature 6: JP-A-47(1972)-31909
10 Patent literature 7: JP-A-52(1977)-133910
Patent literature 8: JP-A-52(1977)-113904
Patent literature 9: JP-A-49(1974)-117412
Patent literature 10: JE—A—49(1974)—126607
Patent literature 11: JP-A-49(1974)-126609
15 Patent literature 12: JP-A-63(1988)-218251
(- Patent literature 13: JP-A-8(1996)-143493
Patent literature 14: JP-A-8 (1996)-151339
Patent literature 15: JP-A-11(1999)-76836
Patent literature 16: JP-A-2003-34657
.20 . _
OBJECT OF THE INVENTION
It is an object of the invention to provide a process for
producing a hydroxyl group-containing compound by hydration

reacthxlofanaliphaticdoublebondhavingcompoundwithwater,




‘more particularly, to provide a process for producing a hydroxyl -
Spgug?cgngaining_con%ound efficiently by using a sinple. apparﬁtus th;gugh
sinple procedures with a very small anount of a catalyst, whic pr?)cet
can vastly feduce the step of recover!né the catalyst and the catatyf o
neutralization step and does not require catalyst regeneration, cataly
exchange and the like. SUMMARY OF THE | NVENTION Disclosed hereinis a

i hydroxyl group-contai ning conpound as descri bed
D e n e oaue 9 ?hery y ogided: (1) The process for producing a

is pr ! ;
yclr oxyl oPaeh TR I T S bpbunke W SH. of e compr f sESpaGUQBAG o7

hydr oxyl _ _ _
agid c;tal¥5t cont ai ni ng aqueous sol ution having an acid catal yst

concent r at "8 QQXYF[ﬂﬂ?qRTQRﬂtqﬁﬂﬁﬂg)qamnﬁqmdtéﬁfﬂtﬁéﬂﬁiyu$§ udoupl § bond
havi ng conmpound in a nolar ratio (water/aliphatic double bond having t
conpound)  &fMRdEerpParaltiyshahiroudnubl ephengrobauipgscoipqund,of T%ﬁg&} 0
50, at a reaction tenperature of from 200 to 600Cﬂunder.a reacti N ion of
. pressure ohmbnnﬂhifkocthlyMEq_@ﬁquqgfgggégo %t%%%é? g%%%%Pgeégstep

LS ; : .
the aliphatic double bond containing conmpound w _
[ Ay avigded: oduci ng a hydroxyl
pile '(r:rgmijifni ng ‘%clifrrrg;ogﬁgvéaccorbﬁé@nénggﬁf%? %j'gfﬁft?rri‘?‘%\ﬁ%ié?ﬁgﬁﬁé %’thld
- group- co . _ Fm : o
| acid catal yst ‘concentration
cat ".’.‘l' yst MtC%éH Ek%taggggﬁe_sgé%‘é ?Qt hragggr?eration, catyalyst exchange

and the like.

SUMMARY OF THE INVENTION
Di_sclosed herein is a process for producing a .
hydroxyl group-containing corhpound_ as described below.

..In one aspect, there is provided:

(1) The process for producing a hydroxyl group containing
_compouhd which process comprises aliowing an acid cafalyst
.containing aqueous | solufion having an acid catalyst
concentration of 1 ppb to 500 ppm to react with an aliphatic

~ double bond having compound in a molar ratio (water/aliphatic
.d.c-auble bond having compound) of water to aliphatic double bond
having compound of from 1 to 50, at a reaction temperaturé of

~from 200 to 600°C under. a reaction pressure of from 1 to 100
MPa and thereby conducting hydration reaction of the aliphatic
double bond containing compound with water.

In some embodiments, there are provided:

(2} The process for producing a hydroxyl group-containing
compound accoi:ding-rto the claim (1) wherein the acid catalyst

containing aqueous solution has an acid catalyst concentration



9 of from1 ppb to 300 ppm (3) The process for produci ng -a hydroxyl group
contai ning conpound according to the claim (1) or (2) wherein the nolar .
ratio (water/aliphatic double bond hav%ng conmpound) of water 5 to the

al i phati c doubl e bond having compound i"'s. from2 to 25.- (4) The process
“for producing a hydroxyl group-contai ni ng conmpound according to the claim
(1) wherein the acid catal yst containing aqueous solution has an acid
catal yst concentration of from1 ppb to 70 ppm and the nolar ratio

(water/alj hgtic %0 d@u | e ggnd havi ng conpound) of water to the aliphatic
FRBnpBun

doubl e  bond"hAVi iBPfrom 2 to 25. (5) The process for producing .

a hydroxyl group-containing conpound according to any one of the cl ains
(1) to (4) wherethThenereeass fosnor peupeRata by direxi ol @80 com UB0G rand t he
reaction 15 pressure is from4 to 90 MPa. (6) The process for producing a
hydr oxyl qproppraedrededdgng compdund lecoor di ng it of Anwhene ief dHie raisys (1)
to (5) wherein the acid catalyst is any one of hydrochloric acid, hydrogen

chl or.i de,raotl ®r pust @ef 1l i pREpoch | 5 asEe asdth rﬁ%}ifrgj i omfdiuthd 2G5 Wryyous
acid, nitric acid, nitrous acid, hydrogen fluoride, hydrofluoric acid,

100t 8 oyt a8 PEGHEGER kR D et
'ﬂaCiQ’ --diphosW%?&ﬁe%9é¥ééé%89&%2&8?:Q%{Q%é%%é&yf%&%ﬁpégbgtaining
_compound according to the claim (1) wherein the aéid'catalyst
contéining aqueous solution has an acid catalyst concentration
of from 1 ppb to 70 ppm, and the molar ratio (water/aliphatic
10 . double bond having compound) of water to the aliphatic double
bond having compound is from 2 to 23.
(S)Theprocessforpmoducingzéhydrbxylgroup—containing
compound according to any one of the claims (1) to (4) wherein
the reaction temperature is ffom 250 to 450°C and the reaction
15 . pressure is from 4 to Qb MPa.
-C :‘ (6)Thepmocessforpmoducingzahydroxylgréup—containing
compound according to any one of thé claims (1) to (5)”wherein'
' the acid catalyst is ahy one of hydrochloric acid, hydrogen
chloride, chlorous acid, hypochlorous acid, sulfuric acid,
20 sulfurous acid, nitric acid, nitrous acid, hydrogen fluoride,
hydrqfluoric acid, hydrogen bromide, hydrobrémic acid,
- hydrogen iodide, Hydriodic acid, orthophosphoric acid,
metabhqsphoric acid, phosphinic acid, phosphonic acid,

- diphosphoric acid, tripolyphosphoric acid, boric acid,



10 silicotungstic acid, sodiumsilicotungstate, phosphotungstic acid,
sodi um phosphot ungstate, siliconpolybdic acid, sodium siliconolybdate,
phosphonol ybdi.c acid, sodium phosphonolybdate benzoi ¢ acid, acetic acid,
salicylic acid, 5 oxalic acid, trlfluoﬂ%nethane sul fonic aC|d

p-tol-uenesul fonic acid and phenol (7) The process for produ0|ng'a hydr oxyl
group-contai ning conpound according to any one of the clains (1) to (6)

.wherein the acid catal yst is any one of hydrochloric acid, sulfuric acid,

10 nitric ai ortho hosphoric acid and metaphosphoric aC|d (8) The
process fot bFBHHBHﬁﬁlﬁ ﬁ?ﬂ?oﬁwﬁkﬁmnﬁ%k%ﬁﬁﬁﬁmﬁ$ﬁpt%oﬁﬁmmmmqmmmmdtng to
‘any one of the clainms (1) to (7) wherein the aliphatic double bond having
conpound #8148, newsliuef ipharphadiwigftiate 15s{ D) cdnel phatesadiet, psodighng a
hydr oxyl group containing conpound according to any one of the clains (1)

to (7) wheikioombhebdhtphatic dsnubdeheesdybaving conpeynd conprisgesat
| east one selected fromethyl ene, propylene, 1-butene, 2- but ene,

| sobut ene@héSﬁEBltﬂ@m§bdgt8e%&m§®l&tSé)@f&t e ¢ 15 NEXEQE, s%ﬁpdéé e%(ea?gid

3- hexene, isohexene heptene oct ene, nonene, decen

cvel opexangarie - ulgdiene, LSl adenGnd, 4 PonlpREDE, L5 ppyo ne
LT g;gﬁm@dﬁl%s@%gﬂg“gm1aﬁdd§ﬁzﬂzﬁt‘e 13- cyel e ene.
(7)Theprocessforpmodﬁcingeahydroxylgroupmconféining
.compound.according to any one of the claims (1) to (6) wherein.‘_
the acid catalyst is any one of'hydrochlloric acid, sulfuric acid,
10 nitric acid,.orthophésphoric acid and metaphosphoric acid.
.(8)Theproce;sforproducingaI@@IOXylgroup—containing'

compound according to any one of the claims (1) to (7) wherein

the aliphatic double bond having compound is a moncolefin or

diolefin.
15 - (9) The process for producing a hydroxyl group containing
_ Cf‘ - compound according to any one of the claims {1} to {7) wherein

the aliphatic double bond having compound comprises at least

one selected from ethylene, propylene,'lmbuténe, 2-butene,
isobutene, l-pentene, Z2-pentene, isopentene, 1-hexene,
20 2—hexene,3uhexene,isohexene,heptene,octene,nonene,aecene,
dodecene, cyclohexene, 1, 3-butadiene, 1, 3-pentadiene,
~1,4-pentadiene, 1, 3-hexadiene, 1,4~hexadiené, 1, 5-hexadiene,
2,4-hexadiene, 1, 6-heptadiene, 1, 7-octadiene, 1,8~nonadiene,

1, 5-decadiene, 1, 3-cyclohexadiene, 1,4-cyclohexadiene,




11 styrene, allyl benzene, trans-stil bene, cis-stilbene, triphenylethene,-
tetraphenyl ethene and divinyl benzene. DETAILED DESCRI PTI ON OF THE

"I NVENTI ON. 5 The process for produci ng Ihe hydr oxyl group-contai ni ng
conmpound according to the present inverition. will be described in detail
below. In the present invention, an aliphatic double bond having,” conpound
and water are subjected to hydration reaction,in the 10 presence of an

acid catal yst to produce a hydroxyl group-containing conmpound. (Aliphatic

doubl e bo ing und) The aliphatic doubl.e bond having .conpound used
(o The PRGBS, SR e RACRRY o T Gt LAl | S G 15
carbon-caégon?doufle bond capabl e of hydrating, such as a nonoolefin, a

di ol ef i n ENtPEHEY { FRRERS- JEGEFRBRANKE| Bhhenexanfl €4 vényihbemseos ef i n may

include aliphatic nonool efins and aromatic group-containing nonool efins
represented by thefollowing formula (1): 20 RLR2ZC = CR3R4 ... (1) In the
formula, each of RL to R4 is independently a saturated.aliphatic group,
aromati c group or hyDEDHELED SpecRipPtieNaopl eEEofinthRTabiyphati ¢ nonool ef i ns
may include ethyl ene, propylene, |I-butene, 2-butene, isobutene, 12
5 - - The process for producing the hydroxyl group~containing
compound according to the present invention will be described
in detail below.
. In the present invention, an aliphatic double bond having.
 compound and water are subjected to hydration reaction in the
10 presence of an acid catalyst to produce a hydroxyl
group-containing compound.
{Aliphatic double bond having compound)
The aliphatic double bond having compound used in the

invention is a compound having_at-leaét one aliphatic group

15 carbon-carbon double bond capable of hydrating, such as a

Y
\

monoolefin, a diolefin and the like as described below.

Examples of the monoolefin may include‘aliphatic
monoolefins and aromatic group-containing monoolefins
represented by the following formula (1):

20 RIR2C = crR3r? ... (1)

In the formula, each of Rl to R4 jis independently a

saturated aliphatic group, aromatic group or hydrogen.
- Specific examples of the aliphatic monoolefins may

include ethylene, propylene, l-butene, 2~butehe, isobutene,




1: pent'ene, 2-pentene, isopentene, 1-hexene, 2-hexene, {3 3-hexene,

i sohexene, heptene, octene, nonene, decene; dodecene and cycl ohexene.
Specific exanples of the aromatic - grqyp;containing nonool ef i ns may
include §tyrene, 5 allylbenzene, trans-stilbene, ci s-stil bene,

tri phenyl ethene and tetraphenyl ethene. Exanples of the diolefin may

i nclude aliphatic diolefins and aromatic group containing diolefins
"represented by the following formula (2): 10 RSR6C = CR7 - R8.-. R9C ,
‘:.CR10R1;Hg2 In the,formula, each of RS to R7 and each of RO to RI| are

i ndependehtfY 2% uf REY- ST phbtPRERT 8P, AFBREENE. gFolipxeBR  hydr ogen, and
R8 is a saturated aliphatic group, aromatic group or a single bond..... 15
Speci fi ¢ THEHPIES dFODREAI, preRtendi clcdlines nayenac|datend, dobatadieene,

1, 3- pent adi ene, 1, 4-pentadi ene', 1, 3-hexadiene, 1, 4-hexadiene, 1,

5- hexadi eared @yclphmxatk enspeli fG-cheptaadilene of e cot@gitene, e
1, 8- nonadi ene, 1, 9-decadi ene, 1, 3-cycl ohexadi ene and 1, 4-cycl ohexadi ene.-

Speci fi ¢ guaupp! @t Hg tRen S EBL 4 S G PUPEPRLAI §E?9em§9l efins my .
i nclude divinyl benzene and the-like. (Acid catalyst) Exanples of the acid

catal yst Assed Hdh g | NMeMd Ot MBYend NCLiides by drogh! o f.¢ ac dy bydrogen
chl.ori de,. chl orous acid, :
and tetraphenylethene.

Examples of the diolefin may inqlude.aliphatic:diolefins .

e - . and aromatic group containing diolefins represented by the

e T .

following‘formula_(Z)ﬁ
10 RORC = cR7 - Ev{8._‘-— RIC = ‘CRiO_Rl.l cee (2)
In the formula, each of RS to R7 and each éf R? to R11
are independently a saturated aliphatic group,‘éfbﬁgtié groﬁp.
- or hydrogen, and R® is a saturated aliphatic group, aromatic
group or a single'bond.;. |
15 ~  Specific examples of the aliphatic diolefins may include-
ff -k 1, 3-butadiene, 1, 3-pentadiene, 1,4-pentadiene, 1,3—hexadiene,
1,4~hexadiene, 1,5—heXadiené, Z2,4-hexadiene, 1,6-heptadiene,
1, 7-octadiene, 1,8—nonadiéne, 1, 9~decadiene,
1,3—cyc10hexadieneand1,4—cyclohexadiené. Specific examples
20 of the aromatic groupécontaining diolefins may inclﬁde
idivinylbenzené and the.iike.
(Acid catalyst)
Examples of the acid catalyst used in the invention may

include hydrochloric acid, hydrogen chloride, chlorous acid,



13 hypochl orous acid, sulfuric acid; sulfurous acid, nitric acid, nitrous

aci d, 7
aci d, hydrogen-i odi de, hydriodic acid,%? or t hophosphori c aci d,

met aphosphoric aci d, phosphinic acid,

~tripolyphosphoric acid, boric acid, silicotungstic acid, sodium :
silicotungstate, phosphotungstic acid, sodi um phosphotungst at e,
silicomolybdic 'acid, sodiumsilicono.!|ybdate, .phosphonol ybdi c acid,

hydr ochl ot

sodi um - - ¢ I t nzaoi ¢c_acid etic aci,d, salicylic, acid,
10 oxal i Chgg?%ﬁi%{%‘r&lﬂgl %‘gg%rr%t 1%%51&??%3%7 S OUS 3 ehb b B F Rt aci d
and phenoli

and preferably may include water-soluble acid catal yst such
G

PrEFEPG® | Tor 4 et deon tordnat bee i c mgisbhitordbiageri d,

sulfuric acid, sulfurous acid, nitric acid, nitrous acid, hydrogen

f1 uori de, PI8™hgar ohdsPPECBEFd2Chydr bydnobroniddideydigbirdmidd cacicd,d,.
hydrogen; iodide, hydriodic acid, .orthophosphoric acid, metaphosphoric - -
aci d, - phosphhopboaphdriphasplpninet aphdsphdirphosphear,i ghasiphinic acid,

aci d,.

G

- 10 .

15.

20

~tripolyphosphoric acid, boric acid, silicotungstic acid, sodium
si | i cat ungisdapRonpBospRA) UAYShESpBOr 861 1890k yALBAS BQ%EE%&%E@%Ef
siliconol ybdic acid, sodium siliconolybdate, phosphonol yt

~sodi um _ iphesphaaphybdal £ootuROg: L be; aPavespgi dnoatal yst o, ydrochl oric

i c acl Cia{nd

sul furic acid, nitric a or T hophosphnori ¢ aci

;phosphotungsticacid,sodimnphosphotungstate,siliComolybdic

acid, sodium silicomolybdate, phosphomolybdic acid, sodium

- phosphomolybdate, benzoic acid, acetic acid, salicylic acid,

oxalic acid, ﬁriflubrometh@ne sulfonic acid,
p—toluenesulfohic acid and phenol, and,preferably may include
wé£ér¥501ubleacidcatalyst:mnﬂlashYdfoéhloricacid,hydrogen
chloride, chlorous acid, hypochlorous_acid,'sulfuric acid,
sulfurous acid, nitric acid, nitrous acid, hydrogen fluoride,
hydrofluoric acid, hydrogen bromide, hydrobromic acid,
hydrogen .iodide, hydriodic acid, orthophosphoric acid,
metaphosphoric acid, phosphinic acid, phosphonic acid,
diphosphoric aéid, tripolyphosphoric acid, boric acid,
silicotungstic acid, sodium silicotungstéte,'phosphotungstic

acid, sodium phosphotungstate, silicomolybdic écid, sodium

- silicomolybdate, phosphomolybdic acid and sodiﬁm‘

phosphomolybdate.
Among the above acid catalysts, hydrochloric acid,

sulfuric acid, nitric acid, orthophosphoric acid and

hydrogen fluoride, hydrofluoric acid, hydrogen brom de, hydrobromc

phosphoni ¢ aci d, di phosphoric acid,

as




- 14 et aphosphoric acid are preferred. In the process for producing the
hydr oxyl group containing conpound according to the invention, the acid
catal yst -is used in such a proportion that the concentration 5 of an acid
cat al yst. cont'ai ni ng aqueous sol ution $ébrmitted to reaction with the.

al i phati c doubl e bond-having conpound is generally from1 ppb to 500 ppm
"preferably 1 ppb to 300 . ppm nore preferably | _ppb to 70 ppm especially
10 ppb to 50 ppm Wen the acid catalyst is used in the above proportion,’
10 ,,.the hydration reaction can be carried out at a sufficient rate, and
t he cat al pstapbospicinig scép ame phefeatraldyst neutralizing step can be
vastly reduced and further catal yst regeneration, catalyst exchange and
the like are uniiecersapyocéReagbiropreandihyons: hSdFheyhydralion reaction
of the aliphatic double bond f having conmpound with water "is preferably

carried Oébni:aihﬁﬁ_g eoepenee abcbhasiag docatal Xﬁ%egki%nr eqsld %gzif\ﬁ”peraf“re

~of from 200 to 600C under a reaction’pressure of fromZ1 to 1 a, nore

pr ef er abl ‘ eactjon.te ure of from 250 to,450C 20 under. a -
reaction %‘?gé]s“grs{e: g% #‘g%rjn szq'tp%&g% WL CRUr et ch‘raé:f é%fblcs?pcftnta‘arte]ef&i on
tenperaature of from 250 1o 450C under a reaction pressure of from5.5 to
50 MPA, n%gta[br%‘fje?acbﬁ’?a S FUHA O taGHR B Fod e e ke dio poi nt
under a reaction pressure near the critical point, nanely at the _
supercri_t?%%‘l:tﬁ‘?n with the aliphatic double bond-having compound is

7 generally frgm 1 ppb to 500 ppm, preferably 1 ppb to 300 ppm,
{: | : m_or.e‘pref_er\abiy 1 ppb to 7Q_ppm, especially 10 ppb to 50 ppm.
When the acid catalyst.is used in the above proportion,
10 _.!_;._{,g,h,é,.,_hydration reaction can be carried out at a sufficiént rate,
and the catalyst recovering step and the catalyst neutralizing'
_..stel:‘n--can bé. vastly reduced and furfhér catalyst regeneration,
catalyst exchar;g?_and the like are unnecessary. |
(Reaction conditions)
15 The hydréréj'.:.cﬁn reaction of the aliphatic double bond
( having coﬁpound with water is prefefably carried out in thel
presence of the acid_ catalfyst at a J;"eaction temperature of from
200 to 600°C under a reaction pressure of from 1 to 100 MPa,
more preferably at a reaction temperature of from 250 to 450"&2
20 under a reaction pressure of from 4 to 90 MPa, further preferably
at a reaction temperature of from 250 to 450°C under a reaction
pressure of wfrom 5.5 to 50 MPa, most preferably at a reaction

temperature near the critical point under a reaction pressure.

near the critical point, namely at the supercritical or



15 subcritical tenperature under the supercritical or subcritica

pressure. The critical point is a critical. tenperature and critica
pressure at which a gas and a liquid cgg coexist and is determned by a-
mol ar ratio ‘of water to the, aliphatic uble E,. 5 bond havi ng conpound
“(water/aliphatic double bond. having conpound) In the present invention,
the supercritical or subcritical reaction tenperature and supercritical or
subcritical reaction pressure near the critical point are specifically
from 270 tob400tC aTq%fron15.5 to 50 MPa, 10 respectively. \Wen the

t enper at uf 8°Gh EHE L preUrE W W SEhER ARRE T G L PReS e kit § et
reaction can be carried out at a sufficient rate. The nolar ratio of water
to the alPpRafirEcdouthe doheaicab painhgieofpouhdicadt Ecnpkirphatiec adoubl e
bond having conpound) is generally from1 to 50, preferably 1 to 25, nore
pref erabl griRical 20reespeeiat lwhich @ Yas Whenat hequbbatanatdéex Dt wat€r to

t he aliphatic double bond -having conpound is the above range, a problem

i nduced. 18 ddte:rhdDWyNBIs148kia® islel hiesr thiecheagt 0phst 18 dsubner €ased
owing to the prolonged reaction tine is avoided, and a probleminduced in

the Nixgh Boharniding sufibohat (LBe=27RYTbndl MARLLISCDR nAyQpCtion 1S
increased to increaSe the reactor size of energy used. for 1ncreasing the
-“ﬁter-pr%%ﬁﬁghﬁé)?VQHp%%e present invention, the supercritical or
-T. ‘éubcriticai reaction témpgrature and'supercritical or -
.QJ? suﬁcriticai reaction pressure néar thé c;itical point are
specificallyrfrom 270 to 400 °C and from 5.5 to 50 MPa,
10 respectively.
When the temperature and ﬁhéfpressﬁre'are in the above
“ranges, the hydration reaction can be-carried out at a
sufficient rate. |
The molar ratic of water to the aliphatic double bond
15 having compound (water/aliphatic double bond having comﬁound)_
‘ ( : is generally from 1 to 50, preferably 1 to 25; more preferably
2 to 20, especially 5 to 15.
When the molar ratio of water to the aliphatic double bond
having compound is the above range, a problem induced. in the
20 l§w molar ratio such that the reactor size is increased owing
to the prolonged reaction time is avoided, and a problem induced
. in the high molar ratio such that the amount of water used per

production is increased to increase the reactor size or energy

used for increasing the water pressure is avoided.



16 (Hydroxyl group-containing conpound) The hydroxyl group-containing
conpound produced in | accordance with the process of the present -
invention.is a,_ conpound in which any. one of two carbon atons constituting
the 5 dotibl e bond of the aliphatic dodBl e bond having conpound is |inked
wi th a hydroxyl group. When the aliphatic double. bond having conpound is
a nonool efin represented by the fornmula (1) , alcohols represented by, the
followi ng fornmulas are.produced: R R2(HOC :- CHR3R4 and/or R-R2C - '
C(OH) R3R4 |10 The , hydroxyl group-containing conpound prepared preferably
i n accor ddNYETRFYH TREUSTseedaiginchadnmeenmtdlon may i ncl ude et hanol ,
2-propanol ., 2-butanol, 2-nethyl-2-propanol, ..:,2-pentanol, 3-pentanol,
3- net hyl - 2- but afibk, hydzeorgihyiro2pbubanali ni2ghexap@unSeandd id5
2- met hyl - 2- pent anol , 3-net hyl - 2- pent anol , 4-net hyl - 2- pent anol , -
2-net hyl - 8epertianek, widhmehby lbr3ueert 3F0lh 2 atdWdr2- W an on -
2, 3-di met hyl - 2- but anol , 3,3-d|kﬁ.ethyl-2-butangﬁ;ané1 2,3-din€?hy%§§?butanoll ‘
20 The al Ephgbhaadon e Hend hayl . s, correspondi o these T
conpounds nag i ncl ude ethyle%ﬂ, %p%%gﬁgﬁggqﬁiﬁhgéﬁgf C§9%€?EH IngHBGit ene,
1- pentsene n A hyl -1 ; but.ene, - et hy| -1 - but ene, : '

p hB§| _%9%598 BSH?_ R%xgﬁé, Xé}ﬁéﬁgﬁg go_u-bie orycl having compound is

3- met ut ene,

lin*ked with a hydroxyl group. Whén the aliphatic double. bond

having compound is a monoolefin represented by the formula (1), |

AT
o

alcohols:represented :,by.. the following formulas are.produced:
- RIRZ(HO)C - CHR3R? and/or RIR2C ~ C(OH)R3R4 |
10 . -~ . The _hydrox_yl group-containing compound prepared
preferably in accordance with the process <le the invention .may. |
include ethanol, 2-propanol, 2-butanol, 2—methyl—2—prorpaﬁol,‘ |
;2_—pe_ntanol, 3-pentanol, 3-methyl-2-butanol, |
. Z2-methyl-2-butanol, 2-hexanol, 3-hexanol,

15 2-methyl-2-pentanol, 3-methyl-2-pentanocl,

s,

4-methyl~2-pentanol, 2-methyl—3—pentanol,
.3-—methyl,—3—pentanol, 2-—_ethy1-2—butanol,
2,3-dimethyl-2-butanol, 3,3-dimethyl-2-butanol and
2, 3-dimethyl-3-butanol

.20 | The fa___‘Liphatic double bond having compounds corresponding
to.these compounds may include ethylene, propylene, l-butene,
2-butene, isobutene, l-pentene, 2-pentene, 2~methyl'—_1-butene,
3-methyl-1-butene, 3-methyl-2-butene, l-hexene, Z-ﬁexene,

3~hexene, 2-methyl-l-pentene, 3—methyl—1—-pentene R



3- hexene, 2-nethyl-I-pentene, 3-nethyl-Il-pentene, 17 4-nethyl-I|-pentene,
2-met hyl - 2-pentene, 3-nethyl -2-pentene, 4-nethyl -2-pentene, '
2-ethyl-1-butene, 2,3-dinethyl-I|-butene, 3,3-dinethyl-I-butene and

2, 3-di net hyl - 2-but ene. The present invafition is preferably used for
producing 5 ethanol, 2-propanol, 2-butanol, 2-methyl-2-propanol,
2-pentanol, 2-hexanol -and 4-nmethyl -2-pentanol. (Illustration of
Production) The process for producing the hydroxyl group contalnlng_
conmpound by hydration reaction of the aliphatic double bond 10 having

conpound ¥tk thatler] geatretiang A-metthe, i-Drgidrithey 13 -herwescs ibedebglow with
reference to the case where the aliphatic double bond having conpound is a

: | ef i B~ ' e Led y _ of at c ise
oo AN e o R By A e ey DA B hod

ill bed ' ihh ref erence to Fig...1 show ng one C enbodinent of a
'"Sgneraﬁ'f?g§}gﬁgg?w%; 9h§”§f§%%%%¥P§§F%ﬂ%ﬂ§%hﬁﬂr%ﬁﬁﬁ%?ﬂ&wnlon. Per sons

skilled in the t can easily conduct the process with the batch. w se
rethod by applyf G PRESCRBSERTERT 6N ot S (Pec bPBEAE WFeR Fnb RBALHALDAS
method. 20 Froma raw material tank 1, water is fed to a tank 6 for

prepar ngehR2Eeld cataiBEPIE LAl ni Agbugasels solrmiarhithrduyghopanbl pe 4.
The acid catalyst is fed froman acid capaLyst tank_ 2to the‘tank 6 fqr _
prepari ngZthenhendlcatahgsenodntadndrgethyl~2-pentanol.
o | (Illustratién of Production) |
,kk: The process for,producing'the'hydrdxyl group cOntaining‘
compound by hydratiohﬂfeaction of thefaliphafié double bénd”
10. héving compound with water according-to the inventién will be
described below with reference to the case where the aliphatié
double bond haviﬁg compound is a monoolefin.
The reaction may be carried out by any of the batch wise
methodandcmntihuousnmthod; Thereactionwiththecontinuous
-15 method will be described with reference to Fig. 1 showing one
C,’ ‘ .embodimenf of a general flow sheet of the steps of carrying out
~the invention. Persons skilled-in the‘art can easily conduct
the process with the batch . wise method by applying the
description of the process with the confinuous method.
20 From a raw material tank 1, watef.is fed to a tank 6 for
- preparing an acid catalyst containing aqueous solution through
a line 4. The acid catalyst is fed from an acid cétalyst tank

2 to the tank 6 for preparing the acid catalyst containing

agueous solution through a line 5 and mixed with water. The



aqueous solution through a line 5 and mixed with water. The 18 water used
is preferably ion-exchange water. The acid catal yst containing aqueous
solution prepared herein is fed to a reactor 9 through a line 7. Before
feeding to the reactor, the acid catall§st containi ng aqueous sol uti on nmay
be optionally 5 preheated and then fed to the reactor. An olefin is fed
from araw material tank 3 to the reactor 9 through aline 8 1In this
~case, the olefin muy be optionally preheated and then fed to the reactor.
The generated reaction liquid is fed to a plant for a separating process

11trwougwaaﬂnm@eqoﬂmrg@mﬂbﬂp1an—ﬂidmm@mm&ﬂeﬁlawwea&ddﬂhﬁ@lﬁst :
cat al yst contai ning agueous solution. The unreacted olefin is recycled in

t he react epn2ainihgughudols %@lh%-lomgréﬁh§e@%@a&é’ﬁ 1@@@3"&5 Bgrﬁ?gé'ﬁ?#l e

solution is recycled to the reactor rough a line 13. Throug

L, st e e B R e S

plant for a purifying process 15 and t

separ at ed th uch.as rectificati etc. through a line 16.
Thereafte?g¥aﬁggﬁolgggép%%ﬁﬁ%edﬁ?%?%ﬁﬁh S f??% D1 M3Rd R ot iRl by
produ%%lon t ank 18 In the reactor 9, the-nonoolefin and the acid catal yst
20 cont ai RFfigagGeotrRd sO1en ittt ravithg deacit@reat Anysteféontenfedtiomof 1
ppb to 500 ppmare allowed to contact each other in a nolar ratio of water
to the al #phaviRatoubil bomk 3h@WIM@eCD@@©U@d Qwﬁhemm@hl@haine doubire bond

havi ng conpound)
— ~ this case, the olefin may be optionally preheated and then fed
{h

to.the reactor. The geherated reaction liquid is fed to a plant
for a separating.ﬂprocess 11 through a lihe 10 to separate an
10 - unreacted olefin and an acid cétalyst containing aqueous
solution.  The unreacted olefin is récycle'd in the reactor 9
through a iine 12. The acid caﬁalyst containing aqueous
solutionis recycled to the reactor 9 througha line 13. Through
a line 14, a crude alcchol containing a byproduct ‘and the like

15 is fed into a plant for apurifj}ing process 15 and the byp'roduct o

PN

.and the like are -seiaarated by a method such as rectification,
etc through a line 16. Thereafter, alcohol is produced tﬁrough
a line 17 and stored into a production tank 18.

In the reactor 9, the monoolefin and the acid catalyst

20 containing aqueous solution having a acid catalyst

concentration of 1 ppb to 500 ppm are allowed to contact each
other in a molar ratio of water .to the aliphatic double bond
having compound (Water/aliphatic double bond having compound)

of from 1 to 50, at a high temperature of from 200 to 600°C under



" (residenc

of- from1 to 50, at a high tenperature of from 200 to 600C under 19 a high
pressure of 1 to 100 MPa. In this reaction, water is in any one state of
gas, liquid and super critical states in. accordance with the tenperature
and pressure. =The reaction is carriediput in preferable conditions such
that the acid catalyst 5 concentration is from1 ppb to 300 ppm preferably
1 ppb to 70 ppm nore preferably 10 ppb to 50 ppm the reaction _
tenperature is from 200 to 600C and the reaction pressure is from1l to 100
MPa, nore preferably 250 to 450C and 4 to 90 MPa, furthernore preferably

250 to 45@Chdmth bréstarB0oPa. tTheobydpati o, 10,1 8acLiOnibs, Mpstepreferably
carried out at a reaction tenperature near the critical point under a

reaction esguUr n hercritic i ,at supercritical or
suboritical tenperat ﬁ?%t%nﬁzrﬁééfsu%%?@??ﬁ%%ﬁ%%u%gﬂ h%%% Fressiie. 15
The nol ar _rati f. water-to the aliphatic double bon avi ng conpou _
(matek/al?%%%f?gg 8ﬁgt§]68ﬁﬁEﬁ§9$ﬁ8%85ﬁﬁﬂﬁ é?eﬁﬁyiﬁefé?ﬁbF?gFFéﬁﬁl}%o 25,
more preferably 2 to, 20 furthernore preferably 5 to 1.5. The'reactlon_tlnp

E2EF ﬂré?i)oq-tn“ﬂ K& Siei@e gonditrongautflatBRy e eciimeat akeotr di ng
to the kind of the nonoolefin, -reaction tenperature, reaction pressure and
ot her Scon@PRFBRSTatapd Lerferem Iy ppabbat 300 gmrd. predentarp130 Inppb &FFECT OF
_THE | NVENTI ON o ' _ _ o _

ppm, more preferably 10 ppb to 50 ppm, the reaction temperature -

:.Cﬁ is from 200 to 6006bﬂaﬁdmtﬁe reéttiéh preSSure is from 1 to 100
R MPa, more preferably 250 to 450°C and 4 to 90 MPa, furthermore

o e e -

preferably 250 to 450°C: and 5.5.£o 50 MPa. The hydratioh
10 reaction is most-preferably carriédlout at a reaction
température near the cgifical point under a reaction préssure-
 ﬁear-the c:iticai point, namely, at a supercritiééi 6r
schritical temperature under a supercritical or subecritical
pressure.
15 The molar rétio'of,water-tO'the aliphatic déuble bond
(ﬁ  _ haviné qompound (watefkaliphatié double bond having Comﬁound)
- 1s preferably from 1 to 25, more preferably 2 to 20 furthérmofe
preferably 5 to 15.
The reaction time (residence.time) in the reactor 9 is

20 adequately'determined according to the kind of the monoolefin,

N PR

reaction temperature, reaction pressure and other coﬁditions,

and generally. about from 0.1 sec to 30 min.

EFFECT OF THE INVENTION



20 According to. the production process of the present invention,

hydrati on reaction of an aliphatic double bond having conpound with water
can be carried out at a sufficient rate in the presence of a slight anount
of an aci &-catalyst at 5 a high tenper&®ure under a high pressure. Mre
particularly, the process can vastly reduce the conventional step of
recovering the catal yst and catal yst neutralization step and does not
require catal yst regeneration, catalyst exchange and the like so that. a
hydr oxyl group-containing conpound can be 10 prepared efficiently at a | ow
cost. EXAMPLE ZAheopdésgnttad nubat ipprodiddidie gdeseekbedf nther ep et aht

below with reference to the follow ng exanples, but it is not 15 limted

by the exanpkasiohn Qgpdraﬁiﬂaﬁ@é@@i@zmdp@rg}arélﬂﬁéﬁa%é”@o%léﬁé@éﬁai on
-reaction of an .olefin was carried out with the conti nuous mnetho using a

[Low I eachiPingPRaBbUAAR SNUWIL &) dBdpeleall9LEBEL O o ARPAFALLS, 85

shown in Fig. as punps 23, 24, a reactor 0~a heater

pressure ro al ve 27. An -acid . catal yst containi ng:aqueous sol ution
pr epar ed %%Q% lxrlll r%lewé)treer“se’néfsﬁe g%riv?]r?a@gr-i%'lo%fd Oﬁagc?glga‘f%ﬁ‘/%fsﬁa@f ed to

the reactor . 25 froma tank 21 using the punp 23; a raw nmaterial olefin Was

fed t.8 tHe MG R #ndetk 2201 gl e s per pumliaer oy iyl dly,
the process can- vastly. -reduce-'the conventional step of
re'cq{re:ging the .catalyst and _'ca'talyst neutralization‘ sfep ana
. does n‘o‘t require catéljfst:regeneration, catalyst excﬁénge and

the like so that. a hydroxyl group—containing compound can be

10 prepared efficiently at a low cost.

EXAMPLE
The present inveﬁtion wil.l be described in more detail
below with refe_arence to the following examples, but it is not
15 iimited by the examples.

AN .' - In each of Examples and Comparative Examples, 'hydration
reaction of anolefin was carried out with the continuous méthod
usiﬁg a flow re_éctio_n apparatus as shown in Fig. 2. The reaction
apparatus as shown in Fig. 2 has pumps 23, 24, a reactor 25,

20 - a heater 26 and a back pressure control valve 27. An acid
catalyst containing aqueous solution prepared by mixing water
as a raw Iﬂate-rial and an acid catalyst was fed to the reactor

25 from a tank 21 using the pump 23, a raw material olefin was

fed to the reactor 25 from.a tank 22 using the pump 24 and they



were mxed in the reactor 25 to cause hydration reaction. The tenperature
and pressure of the reactor 25 were regqulated by the heater 26 and. the
back pressure control valve 27 and a reaction liquid was taken out froma
tank 28 for reaction liquid. 5 The reacdtion time (residence time) was -
controlled by the flow rates of the raw material acid catal yst containing
aqueous solution and the raw material olefin with controlling the punps
L..; 23, 24. In Exanples and Conparative Exanples, a space tinme yield. 10
(STY) was determ ned fromthe conposition of a reaction liquid by the

f ol | owi ng’ 16t APRd( 1P ke w&sdest RiSoRootarhe tnedicat bon Heapdibmas The
determ ned by the analysis with a gas chronmat ography nmass spectroneter.
(GC-M5) remipfeactitured ariy pAgidsente cledirolregicasr % werre v gil)at &1 by
(g/g-cath) _ (Amount of generated al cohol) / {(Anmount of catalyst) x

(Reacti omHe mdteExa@Phed 1tRO BaoRryare Mae usad as) ap, pbef br and the
reactor 25 was heated with the heater 26. Hydration reaction was carried

out by regu N =¥:Ye 5. f ' erat ure of .380C under
o eact i P A ke LR b o PR e P 2o i e i
acid gatabyst 8@5%%”%9%8a9¥%§53e50|u ion 22 of 50 ppm , The nolar ratio of

t t '

wat er’ t o propy%ene N Sin nce tlme) was contr l;ed by the flow
rates of the raw material-acid catalyst containing aqueous
solutioh and the raw material olefi_n with con'trolling the pumps
23, 24.

o I; Examples and.Cbmparative Examples, a space time yield.

10 (STY) was determined:from‘the com@osition of a reaction liquid
by‘the following formula (1). The compoéition of the reaction
ligquid was dete_rfnined by the arialysis with a gas chromatography
‘mass spectrometer = (GC-MS) manufactured. by Agilent
Technologies.

15 _Formula (1):

STY (g/g-cat-h) = (Bmount of generated alcohol) /

{ (Amount of catalyst) x (Reaction time)}

Example 1

20 . Propylene was used as an olefin and the reactor 25 was
.heated with the heater 26. Hydratioh reaction was carried ouf
by regulating the reactof 25 at a.réaction temperature of 380°C
under a reaction pressure of 30 MPé and the sulfuric acid

concentration of an acid catalyst containing aqueous solution



10 and-the residence tine was set to 10 mn by regulating the flowrate of
the acid catal yst containing aqueous solution to 102 g/h, the propyl ene
flow. rate to 23.8 g/h and the volunme of 5 the reactor to 50 nL." In this
reaction, the STY was 1,960 g/g-cat-h.22Exanple 2 The procedure of Exanple
| was repeated except that the tenperature was 370C and the nolar ratio
of Water to propylene 10 was set to 10 and the residence tinme was set to
10 min by regulating the flowrate of the acid catal yst. contalnlng agqueous
solution to 109 g/h and the propylene flowrate to 25.3 g/h. In this
reaction, othe0SPprnasThe3nol gr graaiochofExatplretd p5oPhéeprogeduse tofto
Exanple 1 was repeated except that the tenperature was 360C and the nol ar
rati o of W&t endt ohpr opyleeecewasmeetas csd® ond d ha o 85 depee atiimgy wWas set
to 10 min by regulating the flow rate of the acid catalyst cont ai ni ng

aqueous  Folowt iraR et 8F 1dige AL ARG N8, I QR ENRE T PW
In this reaction, ethe STY was 2, 930%6/9 cat h. ékéﬁpqg%kﬁ%%goégggigtre of

T A S R Pl g SRR R R T

ratio of mate? to was ‘se
;guégéglntge react gulatHﬂg Hﬁe flow gger%gc%g%nact%ex%f%ygascg?g%bhlng
g/g-cat-h.
Example 2
e ‘The procedure of Example 1l was repeated except that the
temperature was 370°C and the rtxolar ratlo vEtrEteT td propylene
10 was set to 10 and the residence time Qas set to 10 min bph
regulatingtheflowrate<1ftheacidcatalyatcontainingaqueous
solution to 102 g/h and the propylene flow rate to 25.3 g/h.
“In this reaction, the STY was2,310 g/g-cat-h.
Example 3
: 15 : - The procedure of Example 1 was repeated except that the
(?i temperaturezwas 360°C and the molar ratit>of'water'to propylene
was set to iO and the residence time ﬁas set to 10 min by
regulatingtheflowratecﬁftheacidcataiystcontainingaqueous
solution to 113 g/h and the propylene flow rate to 26.5 g/h.
20 in this reaction, the STY was 2,930 g/g-cat-h.
Example 4
The procedure of Example 1 was repeated except that the

. temperature was 350°C and the}nolar ratio of water to propylene

was set to 10 and the residence time was set to 10 min by



soluti-on to 118 g/h and the propylene flowrate to 27..5 g/h. In this"
reaction, the STY was 4,590.g/g-cath. Exanple 5 5 The procedure of Exanple
1 was repeated except that the tenperature was 340C and the nolar ratio of
water to propylene was. set to 10 and3 he residence tine was.. set to. 10
mn by regulating the flowrate of the acid catal yst containing aqueous
solution to 122 g/h and the propylene flowrate to 28.4 g/h. 10 In this
reaction, the STY was 6,390 g/ g-cath. Exanple 6 The.procedure of Exanple 1
was repeated except that the tenperature was 320C and the nolar ratio of
wat er to Propideieg thest bev reselof ahe adied ceshdentecoditei nasg sefudan<l0 mn
by 15 regulating the flowrate of the acid catal yst containi ng agqueous (

sol uti on $oldRfom/to ards tdwh prepeneddpawdrat e tdy 3hde 27 1N g S -
reaction, the STY was 10,300 g/ g-cath. Exanple 7 .The procedure of Exanple

1 was repeated exeapic1bal the s2P §8EDera yr /gaga%lﬂc and the molar ratio

of water to propyl ene was set to 10 and’t ence tine was set to 10.
mn by @ﬁgﬂ%g%égg the f- low rate of the aC|d cat al yst- cont ai ni ng aqueous
sol ution h and the propylene flowrate to 30.9 g/h. In this
reactgon, the %-De(a \g%%c]é]du%%oogj g;g%)?e 124wasEXr6}errppela?te8d except that the
temperature was 340°C and the molar ratioc of water to propylene
was. set to 10 and the residence time wesuset_to.ld~minrby
Qﬁ'. _regulatlngthef&owretecﬂ?theac1dcatalystcontalnlngaqueous
solution to 122 g/h and the propylene flow rate to 28. 4 g/h.
10- In this reaction, the STY was 6,390 g/g—cat-h._. .-
Example 6
The.procedure of Examplerl was repeated except that the
temperature was 320°C and the molar ratio of’water'to_propylene
was set to 10 and the residence time was set to 10 min by
| 15 regulatingthefloerateoftheacidcatalystcontainingaqueous
C;ﬁ solution to 129 g/h and the propylene flow rate to 30.1 g/h.
In this reaction, the STY was 10,300 g/g-cat-h.
Exaﬁgle 7
.The procedure of Example 1 was repeated except that the
- 20 temperature was 3iO°C and the molar ratio of water to propylene
was set to 10 and the residence time was set to 10 min by
regulating the flow rate of the acid catalyst containing aqueous

solution to 133 g/h and the propylene flow rate to 30.9 g/h.

In this reaction, the STY was 11,800 g/g-cat-h.



The procedure of Exanple 1 was repeated except that the ‘tenperature was
300C and the nolar ratio of water to propylene was set to 10 and the
residence tinme was set to 10 mn by 5 regulating the flowrate of the acid
cat al yst contai ni ng aqueous sol ution t8 136g/h and the propylene flow rate
to 31.7 g/h. In this reaction, the STY was 10,700 g/g-cath. { .. Exanple 9
The procedure of Exanple 1 was repeated except that the 10. tenperature
was 280C and the nolar ratio of water to propylene was set .to 10 and the.
residence tine was set to 10 mn by regulating the flowrate of the acid
cat al yst E@@ile By aqueous solution to 142 g/h and the propyl ene flow
rate to 33.2 g/h. In this reaction, the STY was 9,580 g/ g-cath. 15 Exanple
10 The procedur &hef pEmaeﬂheelolﬂ/alsxaue@Ze@tled«@(Q%rﬁeéﬂ@d d:fteptl @Al aty e was
260C and the nolar ratio of water to propylene was set to 10 and the

resi dence tihie rea% 18803 46 @i P¥ne TR AtiNg 4 Be § 40w rat B8 &ﬁ%% cid

cat al yst contalnlng aqueous 20 solution to 149 g/h and the p Fene flow
%ﬁéepﬁgcg ure of é%inlﬁhbﬁdaggﬁigggﬁ G%Iéglg% fﬁgFlg%tghg%ngérgﬂﬂr Ie H
250C ag1d ’ egqultg_lﬁgrt e %l%fw ¥\gtt:§%f &gragg)él ggga%gst containing agueous
-solution to 136 g/h and the propylene flow rate to 31.7 g/h.
In this reactlon, the STY was 10,700 g/g-cat-h.
- Example 9
The procedure of Example 1 was repeated except that the-
10? ~temperature 'wés 280°C and,th_e mo'l.ar ratio of water to propylene
was set to 10 and the residence time was set to 10 min by
regulatlngtheflowfateoftheac1dcatalystcontalnlngaqueous
solution to 142 g/h and the'propyiene flow rate to 33.2 g/h.
In this reaction, the STY wasr9,580‘g/g~cat-h.

15 Example 10

-Ci‘. " The procedure of Example'l was repeated except that the
tefnperature wés-260°C and the molar ratio of water. lt.o-prop.ylene
was set to 10 and the residence time was set to 10 min by
regulatingtheflowrateoftheacidcatalystcontainingaqueous

20 solution.to 149 g/h and the propylene flow rate to 34.7 g/h.
In this reaction, the STY was 4,190 g/g-cat-h.

Example 11

The procedure of Example 1 was repeated except that the

temperature was 250°C and the molar ratio of water to propylene



was set to 10 and the residence time was set to 10 mn by regulating the
flow rate of the acid catal yst containi-ng agueous solution to 152 g/h and
the propylene flowrate to 35.4 g/h. In this reaction, the STY was 1,520
g/ g-cath. 5 Exanple 12 The procedure of5Exanple 1 was repeated except that
the tenperature was 380C, the sulfuric acid concentration in the acid
cat al yst containi ng agueous solution was regulated to 0.5 ppm (500 ppb)
and the nolar ratio of water to propylene was set 10 to 10 and the :
residence time was .set to 10 min by regulating the flowrate of the acid
cat al yst ¥8ft &chi g ablieded SbRutresd dengel 02y hvas heep' topyleneis| ow rat e
to 23.8 g/h and the volune of the reactor 25 to 50 nL. In this reaction,
the STY wasgtr2rie@Ochgfyowatdtc 45 thaaphed dé&;aT]}estp&eﬁedﬂh@n?fa@éB@lse 1
was repeated except that the tenperature was. 310C, the sulfuric acid
concentrasbbutient Be 182i §/KakakYshe CORLE DEAY 'ﬁﬂ&?%’été%é‘%@f‘é]ﬁ?h. -
regul ated to 500 ppmand the nolar ratio of water to propyl ene S set to

.10 and . 2¢ht hpikeskdengB,t | PR WaSySEL L 9 %%dn%ﬁpt g&i’g}gl ating the flowrate

of the acid catal yst containing agueous “$ol uti g/h and the

propyl5eneEf%g¥%a£§ to 30.9 g/h. In this reaction, the STY was 1,340
g/ g-cath. rati ve Exanple 1 7 _

The procedure of Example 1 was repeated except._tha.t the
tefnperaiture was 380°C, the sulfuricracid concéntrati-on in the
acid catalyst containing aqueous solution was regulated to 0.5
ppm (500 ppb) and the molar ratio of ﬁéter to propylene was set

16 to 10 and the rrésidence time was set to 10 min by regulating

the flow rate ‘of the acid catalyst containing aqueous solution

" to 102 g/'h,' the-propylene flow rate to 23.8 g/h érid the voiume"

of the reactor 25to 50 mL. 1In this reaction, the' STY was 172,000
g/g-cat-h. | |

15 Example 13

L .- The procedure of Exarﬁple 1 was repeated except that the
temperature was 310°C, the sulfuric acid concentration in the-

acid catalyst containing agueous solution was régulated to 500

ppm and the mo_lar ratio of water to propylene was set to 10 and

20  the residence time was set to 10 min by regulating the flow rate
.of the acid catalyst containing aqtllleous solution to 133 g/h and

the propylene flow rate to 30.9 g/h. In.;chis reaction, the STY

was 1,340 g/g-cat-h.



The procedure of Exanple 1 was repeated except that the tenperature was
190C, the pressure was 30 MPa, the sulfuric acid concentration in the acid
cat al yst contai ni ng aqueous 5 solutionéwas regul ated to 50 ppm and the e
mol ar ratio of water to propyl ene was “€et .to 10 and the residence time was
set to. 10 min by regulating the flowrate of the acid catal yst

cont ai ni ng aqueous solution to 104 g/h and the propylene flow rate to 65.1
g/h. In this reaction, the STY was 0 g/g-cath. 10 Conparative Exanple 2 .
The,procee%&p ongéa | e 1 was repeated except that the tenperature was -
250C, the—ﬁfggg&ﬁé—ﬁggfﬁﬁﬁﬁﬁa;-the sul furic acid concentration in the acid.
cat al yst - cont ai ni ng agueous solution was regulated to 0.0005 ppm (0.5 ppb) .
and the nol ar 15PEaPrecefurmiel Rxennbpyl ewe wepeseed ext8pandhibethe
residence time was settoaOmin by regulating the flowrate of the ,
aci dcat al ysmpecetinaienivag af0toustsel prespuke 452 9o hvuead the propylene flow
rate to 35.4 g/h. In this reaction, the STY was 0 g/g-cath. Conparative
Exanpl e 3220dThenpragedrenofi nExa®| 8¢ ' t ‘ ' the
tenperature was 250C, the pressure mﬁgiggéﬁggiegﬁe%gh%%ﬁgﬁ%K}ac-%Fous ,
concentrathontk Bt cl g, _ i ni_ng.aqueous. _solution was - .
regul at ed t OHE%BBD‘%SZ% t%%?@r.. 5&2?&%{ %P%mégermogﬁrp?%ﬁﬁ?eﬁg Y&ESet to
0.8 and 115 §& Jgé;rt?e,jl-@%{?sgﬁstosefo-ta°n37the1°r~e”;i“deb1¥cé TS uad sar fo O
 (_ "10 min by regulating the flow'rate'offthe'acid catalyst.

' ~ .containing a-queous solution to 104 g'/'h'-and the_propy.lé.ne, flow
rate to 65.1 g/h. In this reaction, the STY was 0 é/g—ca:t-h: :

~10 Comparative Example 2

._Thg __pl;ocedure of Example .1 was répeated exceptrthat the -’
temperature was éSO"C, the préssure was 30l MPé, the sulfuric
acid éon;ent:ation in the acid “Cata_ly__‘s_t‘ containing aqueous
sOlutiop was regulated to 0.0(jOS ppm (0.5 ppb) and thé molar

15" ratio of water to propylene was set to 10 and the residence time

, (‘ " was set tol0minbyre gulating-the-flow-rate of-the-acid-cata Iyst
containing _aiquéo*us solution to 152 g/h and the prbpylene flow
rate to 35.4 g/h. 1In this reaction, the STY was 0 g/g-Cat -h.

Comparative Example 3

20 The proéedufe of Examplel ‘washrepeated except that the
.temperature was 250°C, thé pressuré 'b:aa‘s 30 MEé, the suifu%ic
acid concentration in the acid catalyst containing aqueous.
. solution was régulated to_ 50 ppm, and thé molar ratio of water

to propylene was set to 0.8 and the residence time was set to



PO

cont ai ni ng aqueous solution to 27.8 g/h and the propylene flow rate to
81:1 g/h. Inthis reaction, the STY was'0 g/g-cat h. The reaction
conditions and the STY values in Exanpl.es 5.1 to 13 and Conparative ‘
Exanples 1 to 3are shown in Table 1. @3nparative Exanple 4 The procedure
of Exanple | was repeated except that the tenperature was 380C t he
pressure was30 MPa, and the nolar ratio of water to propylene was set to
10 and the residence tine 10 was set to 10 min by. regulating the flow
rate of water to 102 g/h and the propylene flowrate to 23.8 g/h, and the
acid cat alystminadynotewskating aheestildy theeSPY vahee awdsi noktdeterni ned
because the catalyst amount was O In Conparative Exanple 4, the 15:

sel ecti vi tyrdfailrBAgvagudcas¥%sand: Wes o lar, Qel[;)/hc&ﬁﬁd %ﬁ@r&%ﬂ%n@f@%%ar ed
with the selectivity.of IPA of 59 %in Exanple 1. 28 Table Terrpera-

Pressure f C TY d i f cen- .
water to Sﬁgggrﬁ? 8??%?‘?6’? pr]é)ﬁp3L/t|rh<®a%n§eI}{P p():&?%)n E)rggltr?p (r‘a['?l %g 3(85%08%8 960

Exanple 2 370 39héoregcglg%ocondltlons and the STY values in Examples

5 1 to 13 and Comparative Examples 1 to 3 are shown in Table 1.

Comparative Example 4
The-preeedufe'of Example 1 was repeated except thatrther
temperatu;e was.3800¢, the‘pressure-ﬁase3Q_MPa,'and the molar
- ratio ef'water to propylene wes.set to 10 and the residenee time -
'1D_fwas set to 10 min by regulatlng the flow rate of wate? to 102
g/handthepropyleneflowratetoZB 8g/h andtheac1dcatalyst
‘was not used. |
As a result, the STY value was not détermined because the
- catalyst .amount was 0. Ih Comparative Example 4, the
15 'select1v1ty of IPA was 3.6 % and was a 1argely'decreased value -

- as compared with the select1v1ty of IPA of 59 % in Example 1.



Exanple 3 360 30 50 10 2,930 Exanple 4 350 30 50 10 4,590 Exanple 5 340
30 50 10 6,390 Exanple 6 320 30 50 10 10,300 Exanple 7 310 30 50 10
11,800 Exanple 8 300 30 50 10 10,700 jExanple 9 280 30 50 10 9,580
Exanpl e 10 260 30 50 10 4, 190 Exanple2§1 250 30 50 10 1,520 Exanple 12
1380 30 0. 5 10 172,000 Exanple 13 310 30 500 10 1, 340 Cbnparatlve Exanpl e
1 190. 30 50 10 0 Conparative Exanple 2 250 30 O. 0005 10 0 Conparative
Exanple 3 250 30 50 0.8 0 As is clear fromthe results in Table 1, in each
of Exanples 5 1 to 13 satisfying the reaction conditions specified in the
29 present invention, as the STY vdlalelefl the hydration reaction is
large, it is found that the reaction is advanced efficiently. On the other

hand, of the conditions specified in the present invention, the
terrper at e r\nrll t | on rlnnc not_sat i QfV the 5 SDPCl f | ed COI’ldI t | ons | n

Conpar at i ve Exanple 1, T@m@@g@ngF@§sure Sulfuric ‘Molar . STY
) _ Ere - {MPa) acid ratioc of (g/
‘( C) : concen- water to |g-cat-h)
tration |propylenej
| (ppm) (=)
Example 1 | 380 | 30 | 50 {10 1,960
Example 2 370 T30 50 10 2,310
¢ Example 3 360 30 50 10 2,930
| . |Example 4 350 | - 30 | 50 10 | 4,590
Example 5 340 30 50 | 10 6,390
| Example 6 3200 | 30 50 10 10,300
EBxample 7 310 30 | so 10 11,800
Example 8 300 30 50 10 | 10,700
Example 9 280 30 50 100 | 9,580
Example 10 260 30 so | 10 4,190
¢ Example 11 250 30 50 10 | 1,520
) Example 12 380 30 0.5 10 172,000
Example 13 310 30 | 500 10 1,340
Comparative '
Fxample 1 190 30 50 " 10 0
Comparative| -, .. |- | ' -
Comparative |
Examplo 3 250 30 50 0.8 0

As is clear fromthe results in Table 1, in each of Examples

o 1 to 13 satisfying the reaction conditions specified in the



acid concentration condition does not satisfy themin Conparative Exanple
2 and the water/propylene nolar ratio ) condition does not satisfy themin

i i ' it is clear
Conparative Exanple 3. In any of. Conparative Exanples 1 to 3, i _ ‘
tth hydration 10 reaction is not advamced. BRI EF DESCRI PTI ON OF DRAW NG

Fig. 1is a flow sheet for carrying out the present invention. 15 Fig. 2
is a schematic flow sheet for an apparatus used in Exanples and

[ i pti terial
Conpar ati ve Exanpl es. Description of Marks 1..... tank for raw ma _
ma?gr 2 ... tank for acid catalyst 20 3 ... tank for olefin raw materi al

Kk
4 ... linpreeenteegvagt Weherad ﬂHé”‘%TfYO(faflﬁgdbf‘gt}%&' HP e crgig, f AN
for preparing acid catal yst containing aqueous %kloﬁ§§d§ z;|n3¥;23|28r

line oo, Teactar 1be - S TPRAIYER PRLRAKE S Do kdinaned rfana T
_ SEparatLqﬁn@59§%§§MH:hand of the conditions specified in the present
invention, the temperature cendltlon does not satlsfy the

.5 _specified conditions in Comparative Example 1, the sulfuric
acid concentration condition does not satisfy them in

- Comparative Example 2 and the water/propylene molar ratio

. condition does not satisfy them in Comparative Example 3. In

any of Comparative Examples 1 to 3, it is clear that hydration

10 reaction is not advanced.

BRIEF DESCRIPTION OF DRAWING

Fig. 1 is a flow sheet for carrying out the present

invention.
15 Fig. 2 is a schematic flow sheet for an apparatus used
Am> ~ in Examples and Comparative Examples.
Description of Marks
1 ... tank for raﬁ material water
2 ... tank for acid catalyst
_20‘ 3 ... tank for olefin raw material
4 ... line for feeding water
5 ... lire for feeding acid catalyst
6 ... tank for preparing acid catalyst containing agueous

solution



12 .. .- line for recovering and circulating unreacted olefin 13 ... line

for circulating acid catal yst contai ning aqueous solution 14 ... line for
transporting crude alcohol 10 15 .., purification process 16 ... line for
di schargi ng byproducts 17 .., line for 3fransporting production al cohol @ 18-
... tank for production alcohol 21 ... tank for acid catal yst containing
aqueous solution 15 22 ... tank for olefin raw material 23 punp for
feeding acid catal yst contai ning aqueous solution 24 ... punp for feeding
olefin 25 ... reactor 20 26 ... heater 27 ....back pressure control valve
28 ... redcti-ohinegivd fealinglacicl aptel yht dopt atessy houepuedssi ngian

hydr oxyl group contai ning conpound which process conprises allow ng an

acid cat aByst . odetfdimifg:dAGEQURiesol ution having an acid catalyst 5
concentration of 1 ppb to 500 ppmto react with an aliphatic double bond

havi-ng cogpoundrkR-~aJ¥ol ar ratio (water/aliphatic double bond having
~conmpound) of ‘water to-aliphatic double bond '

10 ... line for transporting reaction liquid
5 11 ... séparation»pﬁocess
12 ... line for.récoverihg and circulating unreacted olefin
L i3 ... lige-for qirculating acid catalyst containing aqueoﬁs
..QW? solution | -
14 ..f‘line'fdr'ﬁransporting'crude alcohol
10 5 ... purification process'_.
16 ... line forudischarging byproducts
17 ... line for transporting production alcohol
.i8 .il tank for'production alcohol
21 ... ﬁank for acid cétalygt cbntaining agueous solution
7 15 22 ... tank,fof oleﬁin raw material |
i?i ;23 e pump'for feeding acid cafalyst containing agueous
solution
24 ... pump for feeding oiefin
25 ... reactor )
20 26 .;. Heater
27 ..;_back p;essure control wvalve

28 ... reaction liqguid tank



havi ng conpound of from1l to 50, at a reaction tenperature of from 200 to
600C under a reaction pressure of from1 to 100 10 MPa and t hereby ‘
conducting hydration reaction of the aliphatic double bond containing
conpound with water. 2. The process fomBiproducing a hydroxyl
group-contai ning conpound according to claim1 wherein the acid catal yst
15 cont ai ni ng aqueous solution has an acid catal yst concentration of from
1 ppb to 300 ppm 3. The process for produci ng a hydroxyl group containing
conpound according to claim1 or 2 wherein the nolar ratio 20
(wat er/ al iGatzamisc doubl e bond havi ng conpound) of water to the aliphatic
doubl e bond having conpound is from2 to 25. 4. The process for producing a
hydr oxyl -gr oup- conhappbbgssCcospopRddasenldh ngydPokl ai grdumhesgt Aikhgqaci d
catal yst 32 containing aqueous solution has an acid catal yst concenfration
of from 1.p 47 Q1 Fat o [alli ' |.e. bond
B ok &/ QIPRIA Fibddiey ng#@%ﬁﬁggg aLuBleneallphal| ¢ cgggggst

havi ng conpound) of water to t at1 c doubl e “bond havi ng compound is
from2 to 25.._.5.5. The process for  produci.ng a hydroxyl .group containing
conpound- géggra&?lﬁtglgt 0--aa_‘§e°ounse o?'ogf‘lgill%] 1(i't-ao *hefBi natoﬁg{ rE%E??Bﬁt )

4tenper ture is from,250 to_450C and_the reaction pressure is from4 to 90
MPa. 1 concentration of 1 ppb to 500 ppm to react with an aliphatic

d‘ouble.bond having compound in a molar rétio (waterr/aliphatic

double bond ll'iaving compound} of water to aliphatic double boﬁd' ¢

having compound of frqm 1 to 50, at a reaction temperature Qf

from 200 to 600°C under a reaction pressure of from 1 to 10-0
10 | MPa and thereby conducting h_ydration reaction of the aliphatic

. double bond containing compound with water.

2. The process for producing a hydroxyl group-containing
compound according to claim 1 wherein the acid catalyst
16 .containing aqueous solution has an acid catalyst concentration

{ ':_ of from 1 ppb to 300 ppm.

3. The process for producing a hydroxyl group containing
compound according to claim 1 or 2 wherein the molar ratio
20 (water/aliphatic double bond having compound) of water to the

aliphatic double bond having compound is from 2 to 25.

4. The process for producing a hydroxyl group-containing

compound according to claim 1 wherein the acid catalyslt



6.. The process for producing a hydroxyl group containing conpound
according to any one of clains 1 to 5 wherein the acid catalyst is any one
of hydrochloric acid, hydrogen chloride, chlorous acid, hypochlorous acid,
sul furic acrd, sulfurous acid, 15 nitri3¢ acid, nitrous acid, hydrogen
fluoride, hydrofluoric acid, hydrogen brom de, hydrobrom c acid, hydrogen
i odi de, hydriodic acid, orthophosphoric acid, netaphosphoric acid,
phosphi nic acid, phosphonic acid, diphosphoric acid, tripolyphosphoric
acid, boric acid, silicotungstic acid, sodiumsilicotungstate, 20
phosphot urfsttiasi reigialagvedinens phosphotasgshated shltiadgrel ybotent agt donsodi um
sil'i conol ybdat e, phosphonol ybdi ¢ aci d, sodi um phosphonol ybdate, benzoic
aci d, acetdfc fawind,l pbi eyl 70 ppidandoKBkifioBeE drat 16T | WOF ORRL haRE, SHLS ONi C
acid, p-toluenesulfonic acid and phenol. 33 7. The process for producing
a hydroxylg et gk ok i to Yy .. OF .clainsg.1to 6
ydroxyldcaiubnEaR! BLULAY EAPOYAY) a&ffe{]agada;r}g o0 cARY 220600t & LB

wherein the acid . catalyst”is any one o chl oric ac sul acid,
nitric 5 i, -t ho horjc acid a net_gphosphoric acid. 8. The o
processfgg&%eg'&é%%g%gﬂﬁgﬁ¥5§fﬁ éﬁéﬁ%ﬁgdﬁ% i*hing conpound according to
-any one of clains 1 to 7 wherein the aliphatic double bond having conpound

is a noolefin or 10 diolefin. . 9. The process for produci ng a hydroxyl

group-containing conpound according to any one of clains 1.-to 7 wherein
the - The process for producing a hydroxyl group containing

~compound according to any one of claims 1 to 4 wherein the

lr'_\‘
£

.reacéién'temperature is from 250 to 450°C and the reéction
pressure is from 4 to 90 MPé.
.10
6. The process for producing a hydroxyl group containing
compound according to any one of claims 1 to § wherein the acid
catalyst is any one of hydrochloric acid, hydrogen chloride,
thorbusacid,hypochlorousacid,sulfuricacid,sﬁlfurousacid,

15 nitricacid,nitrousacid,hydrogenfluoride,hydrofluoricacid,

s

hydrogenbromideLhydrobFomicacid,hydrogeniodide,hydriodic
acid, orthophosphoric acid, metaphosphoric acid, phosphinic_
acid, phosphonic acid, diphosphoric acid, tripolyphosphoric
acid, boric acid, silicotungstic acid, sodium silicotungstate,
20 phosphotungsticacid,sodiumpmosphotungstate,silicomolybdic'
_acid, sodium silicomolybdate, phosphomclybdic acid, sodium .
phosphomolybdate, benzoic acid, acetic acid, salicylic acid,
oxalic acid, trifluoromethane - sulfonic acid,

p-toluenesulfonic acid and rhenol.



al. i phati c doubl e bond havi ng ¢onmpound conpri ses at |east. one 15 sel ected
from et hyl ene, propylene, 1-butene, 2-butene, isobutene, 1-pentene,

2- pentene, isopentene, 1-hexene, 2:hexene, 3-hexene, isohexene, heptene,
octene, nonene, decene, dodecene, cycPdhexene, 1, 3-butadiene,

1, 3-pent adi ene, 1, 4-pentadi ene, 1, 3-hexadi ene, 1, 4-hexadi ene,

1, 5- hexadi ene, 20 2, 4-hexadi ene, 1, 6-heptadi ene, 1, 7-octadi ene,

1, 8-nonadi ene, 1, 9-decadi ene, 1, 3-cycl ohexadi ene, 1, 4-cycl ohexadi ene,
~styrene, allyl benzene, trans-stilbene, cis-stilbene, triphenylethene,
tetraphenyl ethene and divinyl benzene. ABSTRACT PROCESS FOR PRODUCI NG
HYDROXYL GROUP- CONTAI NI NG COMPOUND Discl oses a process for efficiently
produci ng a hyd7oxBie grade ssofid aipyah cianpauingdd wh & h1 ag soupt coppan ahys and
sinple procedures using a very small anmount of a catal yst, which process
reduces acempalinstat86PMERLND %h?poﬁe%fﬁ&%ti%{yit_taeél%%'fezi%t £AR §&ﬁ8' .
vastly and does not require catalyst "~ regeneration and catal yst exchange.
The process; r i | [ cont ai_nj compound_ conpri ses -
21T oni ng. - aqtesUs sopend S EALELaBAMR SO P ie T A EEFRE 7%
catal yst to.react with an.alinphatic doubl e bond having conmpound.in a nolar
_ratioifma?%%?al?ﬁﬁg%PQOSBBGEFE BGhd ﬁ&éiﬁ&téﬁﬁfH%WEﬂr%ﬁ AeitEr to aliphatic

doubl e bond having conmpound of from1 to 50, at a reaction tenperature of

8. The process for producing a hydroxyl grodp—t:on_ta'ining

™

~.compound according to any one of claims 1 to 7 wherein the
aliphatic double bond having compound is a monoolefin or

10 diolefin.

9. The process for producing a hydroxyl group—clonta,iﬁing
compbund according to any one of claims 1 to 7 wherein the
aliphatic double bond having compound comprises at least one

15. selected from ethylené, propylene, l1-butene, 2-butene,

_ Qé? isobutene, . l-pentene, 2-pentene, isopentene, l-hexene,
2-hexene, 3-hexene, isohexene, heptene, octene, nonene, decene,
dodecene, cyclohexene, 1,3-butadiene, 1, 3-pentadiene,
1,4-pentadiene, 1,3—hexadiene, 1l,4-hexadiene, 1,5-hexadiene,

20 2,4-hexadiene, l,S—heptadiene, i%T%bctadiene, 1,8—nonadiéne,
1,9—decadiene, 1,3~cycléhexadiene, 1;4~cyclohexadiene,
styrene, allyl benzene, trans-stilbene, cis-stilbene,

triphenylethene, tetraphenyl ethene and divinyl benzene.



from 200 to 600[err] C under a reaction pressure of froml to 100 MPa and
t hereby conducting hydration reaction of the aliphatic double bond

contai ni ng conpound with water. (FIG 1g4

ABSTRACT

PROCESS FOR PRODUCING HYDROXYL GROUR-CONTAINING
COMPOUND

Discloses a process for efficientlgrp;oducing a hydroxyl
. group containing compouﬁd with a simple apparatus and-simple_
procedures using a:very small amoﬁnt of_a'catalyét,,whicﬁ
5 process redudesfa éatalyst recovering step and a cataiyst
‘neutralizatioﬁ_step vastly and does not require catalyst
regeneration.and catalyst exchange.
The process for producing.a hydroxyl group containing
compound comprises allowing an aqueous solution containing 1
10 ppb to 500 ppm of an acid-catalyst to react with an aliphatic
double bond having compound in a molar ratio (wafer/aliphatic
double bond.having.coﬁpound) bf’water'to aliﬁhatic double bond
~having compound of from 1 to 50, at a ;eactibn temperature of
from 200 to 600°C under a réaction pressure of from lfto’lOOr

15 MPa and thereby conducting hydration reaction of the aliphatic

e

double bond containing compound with water.

(FIG. 1)



