1 SPECI FI CATI ON PROCESS FOR PRODUCI NG HYDROXYL GROUP- CONTAI NI NG COMPOUND
FI ELD OF THE | NVENTI ON 5 The present invention relates to a process for
produci ng a hydroxyl group-containi ng _conpound by hydration reaction of
an aliphatic double bond having conpouﬂd with water, and nore
particularly, it relates to a process for producing an alcohol wth
hydrati on of ol efins. 10 BACKGROUND OF THE | NVENTI ON Al cohol production by
hydrati on of olefins has conventionally been carried out by a process of
using an acid catalyst such as sulfuric acid and the like. In the process
of using sulfuric acid, an ol efi APFFSTALCWEd N 0 react with water 15 in the
presence of sulfuric acid to generate a sulfuric ester and then it

hydr ol yzes PROCE&SFetiiFe FRANIGHN QI FOGRDIXYIA GROVE+ CONTRINDIG| COMPPUEpar ed by
separating an unreacted olefin, water and byproducts fromthe crude

al cohol with rectification or other nethods. In the production nethod,

sul furic acid 20 necessary for the production of the sulfuric ester is in

an anount equi nmolar wth olefdp dwmely 1wvihef fsy of weight, of 70 %
Therefore, because a |arge anount of sulfuric acid having high corrosive

roperties is NSl t I .0 h rious .probl ens
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easily | na(ljlflcy%drolxnyf r<];Ef‘,:oef\;l(ilalilc%rfrﬁréltining compound by hydration reaction of

an aiiphatic double bond having compound with water, and more
particularly, it relates to a process for producing an alcohol
with hydration of .olefins.

10 | - BACKGROUND OF THE INVENTION

Alcohol production by hydration of olefins has

conventionally been carried out by a process of using an acid
catalyst such as sulfuric acid and the like. In 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
and then it hydrolyzes to generate a ci:ude alcohol. A purified
alcohol is prepared by separating an unreacted oclefin, water
and byproducts from the crude alcohol with rectification or
other methods. In the production method, sulfuric acid

20 necessary for the production of the sulfuric ester is in an
amount equimolar with olefin, namely in 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 problems such that troubles caused by corrosion of



preservation 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 agai n concentrated into an aqueous
solution of high concentration and then submtted 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 nust consi der
apparatus corrosion in not only reactors but also steps where sulfuric

aci d havimgterhegh toneapiralpon psepassédy tnPoggh iln the sawepmemier so
that the provision for corrosion results in an increase of the maintenance
cost. Theomestevatiquiaspont ami ry splkfratioc Aakdaidargdd GPF eeneantima i on 15
constantly exhausted is necessary to be neutralized with sodium hydroxide

etc and asuesEtianicsdl §gheces NACessakurkeybasheeated as an industrial
waste to increase the environnental |oad. Under the circunstances, a gas

phase reaction zpf@&ﬁ%ﬁeq{ydldag}eﬁé t%digééggtgagfe L. Rd ek er ; with 8

phosphoric acid 20 supported catal yst een el oped as referred to

Patent. lite ures 1 3. In this process, _fromcrude al cohol ener at ed
from EShe % |Ir€1£’:3forr11yl r%éllg%ﬁ,coannc%r}ﬁ%aag?%&no “f i IRt et Song‘lB?p‘?%gU& are
separated by rectifjcation and other nethods and thereby purified al cohol
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because the steps are

of the number 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 uneconomical. We
10 must consider apparatus corrosion in not only reactors but also
steps where sulfuric acid having a high concentration is passed
through in the same manner so that the provision for corrosion
results in an increase of the maintenance cost. The waste
liquid containing sulfuric acid in a high concentration
15 constantly exhausted is necessary to be neutralized with sodium
hydroxide etc and a resultant sulfate is necessary to be treated
as an industrial waste to increase the environmental load.
Under the circumstances, a gas phase reaction process of
directly hydrating olefin and water with a phosphoric acid
20 supported catalyst has been developed as referred to Patent
literatures 1 to 3. In 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. This process hasbeen



simplified 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 5 a | ow conversion rate of olefin so
that the production amount of al cohol 3per volune is very |low and thereby a
reactor becones too large and also the energy required for recycle of an
unreacted ol efin becones |arge. Further, there is a problem such that the
catal yst capabilities of phosphoric acid used as 10 a catal yst conponent
are lowered by scattering thereof with the progress of the reaction and

t her eby thedpsbdiusiiyi cynilsctedwenedanpscasesher cpreeesheofstidhes direct
hydration, a process of using a water-soluble heteropolyacid as a catal yst

has been sif@pieyetoped campsefer nedntthP@tedd ber abiRESsYL £ @r B ddid his
process, an olefin and water are directly subjected to hydration in the

presence gfza:hes gﬁﬁ@@éyngs t0 cga%eé@t@fi gféﬂqmg% Zalr %%@r&ga tﬁ%ﬂ%de

al cohol , unreacte ol efins, heteropol yac products ar
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rate of a reaction liquid 4 and it is none too |low, to nake the economi cal
propertie%fv&ﬁ%ﬂhOl per volume is very low and thereby a reactor becomes
too large and also the energy required for recycle of an
unreacted olefin becomes large. Further, there is a problem
such that the catalyst 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
lowered.
As 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.
In this process, an olefin and water are directly
subjected to hydration in the presence of a heteropolyacid to
generate crude alcohel. From the crude alcohol, unreacted
olefins, heteropolyacid, water and byproducts are separated by
20 rectification and other methods and thereby purified alcohol
is prepared. Because heteropolyacid has low corrosive
properties, the 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 amount 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 neutralifation treatment and a salt of

het er opol yaci d generated after the neutralization treatnent is necessary
to be treated as an industrial waste to increase the environnental | oad.
Meanwhi | e, because heteropolyacid is expensive, it is 10 consi dered that
het eropol yacid is separated fromthe waste |liquid and submtted to reuse.
In this cs@itt he neyst therlehe toseple dthicoacosgmhicasd porpexthange resi n
treatnent step and the Ilike is large to increase the production cost.
Addi ti onallythet henoosmalt abmount wét betteopbéfaridnishechawamilgrials is
27 15 and it is higher as conpared with other prior techniques so that the

product i ofri ©fHd £4€ABhd ThledwieflenPratesses oof ¢ HshNde SHCH: R34, .
catal yst other than the heteropolyacid have been devel oped. For exanpl e,
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20 to Patent literature 7) and a process of ‘using a ni-umsu e

aqueouys lution (as referred to Patent literature 8) .1n any processes,
howevgr , Sf%%&%(gt%é@sﬁaril%f% (rﬁasa% Br9°F mevitEpT 7 Has tac} Iﬁegﬁ”%r%etrﬁcf&ic? on in
order to pronote the, reaction and thereby the production cost is
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catal yst are . _
after the neutralization treatment is necessary to be treated

as an industrial waste to increase the environmental load.
Meanwhile, because heteropolyacid is expensive, it is

10 considered that heteropolyacid is_ separated from the waste
liguid and submitted to reuse. 1In this case, the cost for the
separation, such as ion exchange resin treatment step and the
like is large to increase the production cost. Additionally,
the molar ratio of water to olefin in the raw materials is 27

15 and it is higher as compared with other prior techniques so that
the production efficiency is lowered.

Processes of using such a soluble catalyst other than the
heteropolyacid have been developed. For example, there are a
process of using trifluoromethane sulfonic acid (as referred

20 to Patent literature 7) and a process of using a titanium sulfate
aqueous solution (as referred to Patent literature 8).

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,



i ncreased 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
literatures 9 to 11. In this process, & olefin and water are directly
subjected to hydration reaction in a reactor filled wwth a solid catal yst
to generate crude alcohol. Fromthe crude al cohol, an unreacted ol efin,
wat er 10 and byproducts are separated by rectification and other nethods
and thereby purified al cohol is produced. Wen the process of wusing the
sol ubl e chi@al §eftstiERaaBeBE| BGPPE adit@ rorthehetséer ofoltygcicsh tissl yeripl anyeed, i t
is necessary to enploy a step of recovering the catal yst. However, using
the sol i disatabyst, sb5thtiti shenpdeessanptt d senplsoy inkhe estsefl Gfn rgeoveri ng
the catal yst and al so unnecessary to enploy neutralization treatnent of
acid conpoaesssecontained in a waste liquid. But, in the process of using
the solid catalyst, the catalyst is deteriorated wwth tinme and it is

necessary to inggeasside o GIRAL A roergg%%@%% 28 ggﬁcgggdggtwfni n

order to keep a space tine yield. "For t reasén e operation Tontrol
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clefin and water are directly subjected to hydration reaction
in a reactor filled with a solid catalyst to generate crude
alcchol. From the crude alcohol, an unreacted olefin, water
10 and byproducts are separated by rectification and other methods
and thereby purified alcohel is produced. When the process of
using the soluble catalyst such as sulfuric acid‘or
heteropolyacid is employed, it is necessary to employ a step
of recovering the catalyst. However, using the solid catalyst,
15 it is unnecessary to employ the step of recovering the catalyst
and also unnecessary to employ neutralization treatment of aéid
components contained in a waste liguid. 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. Further, the
deteriorated catalyst has to be regenerated to deteriorate the

economic properties in this stage. When the catalyst cannot



catal yst exchange requires consi derable several days to |lower the
production. Furthernore, |arge anmounts of catal yst wastes generated are
inevitably treated as an industrial waste. 5 In addition to the above
processes, many processes of using a $olid 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. Furthernbre, as a process
of inmproving the lifetine of the solid acid catalyst or 10 inproving the
capabilities thereof, sone processes are disclosed as referred to Patent
literatures q%EQRﬁﬁﬁiemHoﬁé@gﬁPgeiﬁpaﬁ?téﬁacéégégﬂﬁﬂhéiaeﬂetm©rebydﬂubf t he
solid acid catalyst wth tine is inevitable and the fundanental

i npr ovenendt&dyst hexclpopessemiire necasdakyable Asvdesdrdbed adavtieON
present show ng, these conventional processes have inevitable problens
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waste treatnment and the |like. Previously, the present inventors invented a
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production of al cohols by hydration reaction o Wat er as

referreed to Patent terature 16. This process utilizes an acid catalyst
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the techni e, ave studied earnestly i
qung a soq d acig catalyst hav@ybeen developed. For example,

a process of using ZSM-5 zeolite as a catalyst is disclosed as
referred to Patent literature 12. Furthe;more, as a process
of improving the lifetime of the Solid acid catalyst or

10 improving the capabilities thereof, some processes are
discloé@das referred to Patent literatures 13 to 15. However,
in any processes, the deterioration of the solid acid catalyst
with time is inevitable and the fundamental improvement for the
processes 1s necessary.

15 As described above, on present showing, these
conventional processes have inevitable problems including
economical deterioration caused by various reasons, industrial
waste treatment and the like.

Previously, the present inventors invented a direct

20 hydration process without need of an acid catalyst in the
production of alcohols by hydration reaction of an olefin and
water as referred to Patent literature 16. This process
utilizes an acid catalyst function, which is expressed near the

critical point of water.



order to further inprove the productivity. Thus, the present invention has
been acconplished. Patent literature 1. JP-B-51(1976)-44915 5 Patent
literature 2: JP-A-52(1977)-133095 Patent literature 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: JP-A-49(1974)-126607 Patent literature 11:

JP- A- 49(1974) - 1P660% 18y Fdterte¢hn s uree 12avgPsinug3¢d988)yn2$8251 inPat ent
literature 13: JP-A-8(1996)-143493 Patent literature 14: JP-A-8

(1996) - 154339r tRatfenttheirt emptrove the JRdadd{1009) - 7R85, tPaf enteddriter at ure
16: JP- A-2003-34657 20 OBJECT OF THE INVENTION It is an object of the

inventicwuﬁ&emwgwﬁd&ag.@@@@e§§c$@?ligh@gycing_a hydr oxyl group-containing
conpound by hydration reaction of an aliphatic double bond having conpound
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5 Patent literature 2: JP-A-52({1977)-133085
Patent literature 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: JP-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 (1956)-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

reaction of an aliphatic double bond having compound with water,



hydr oxyl group-containing conpound efficiently by using a sinple apparatus
t hrough sinple procedures with a very small anmount of a catalyst, which
process can vastly reduce the step 5 of recovering the catal yst and the
catal yst neutralization step and does8not require catalyst regeneration,
catal yst exchange and the |ike. SUMVARY OF THE | NVENTI ON 10 The present
invention is a process for producing a hydroxyl group-containing conpound
as described below. (1) The process for producing a hydroxyl group

contai ning _conpound which process conprises allow ng an acid catal yst

cont ai ni M'@giebasrasrichdarhivi Ag BACHEHE eaalogssslSogopcentudEriomn of 1
ppb to 500 ppmto react with an aliphatic double bond having conpound in a
mol ar rathydXweayergabiphathtaidoohl echpndnhaeififg céempaynd) ofsiwaf e to

al i phati c doubl e bond having conmpound of from1 to 50, at a reaction

tenper at wemele 4108 200st6nBOGGH UATIES1 @ §LACLAOFe PIESSUIL vy rHaY to 100
20 MPa and thereby conducting hydration reaction of the aliphatic double

20 Y e | f j
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hydr oxyl group-containing” conpound "according to the clarm

acid gat t nt.ai nj aqueous sol.ution_has. an acid catal yst

conce(r%t ra “?/%r? Céﬁ%fr l%‘rgojr%ﬂg Cpa&baﬁtyos%aadp C€§)ai'¥ﬁ5 rb?%%%%ﬁl?%{lﬁ?oﬁﬁﬁ ng a
hydr oxyl group. cont ai ni n

es not rquire catalyst regeneration, catalyst exchange

and the like.

SUMMARY QF THE INVENTION
ld The present invention is a process for producing a
hydroxyl group-containing compound as described below.

(1) The process for producing a hydroxyl group containing
compound which process comprises allowing an acid catalyst
containing aqueous solution having an acid catalyst

15 concentration of 1 ppb to 500 ppm to react with an aliphatic
double bond having compound in a molar ratio (water/aliphatic
double bond having compound) of water to aliphatic double bond
having compound of from 1 to 50, at a reaction temperature of
from 200 to 600°C under a reaction pressure of from 1 to 100

20 MPa and thereby conducting hydration reaction of the aliphatic
double bond containing compound with water.

{2)Theprocessforproducingeahydroxylgroup—containing
compound according to the claim (1) wherein the acid catalyst

containing aqueous solution has an acid catalyst concentration



conpound according to the claim (1) or (2) wherein the nolar ratio

(wat er/ al i phatic doubl e bond havi ng conpound) of water 5 to the aliphatic
doubl e bond having conpound is from2 to 25. (4) The process for producing
a hydroxyl group- conta ini ng conpoufld according to the claim (1) wherein
the acid catal yst containing aqueous sol ution has an acid catal yst
concentration of from1l ppb to 70 ppm and the nolar ratio
(water/aliphatic 10 doubl e bond havi ng conpound) of water to the aliphatic
doubl e bond having conpound is from2 to 25. (5) The process for producing
a hydr oxy®¥f gkeep- LoPPai 1w nd00 cempound according to any one of the clains
(1) to (4) wherein the reaction,tenperature is from 250 to 450C and the
reaction 15 pre&3isthe psodenmidrtprofudPag { Gydibeyprocess doert imoduei ng a
hydr oxyl group-containing conpound according to any one of the clains (1)

to (5) whesmpdund ecostdicated iste iSlany one &F (dreEan ¢ racig yydrogen
chl oride, chlorous acid, hypochlorous acid, sulfuric acid, 20 sul furous

aci d, ni tgd€;@C|ehtdi 5%%@@&%&[%%% 'Mirgﬁeoﬂtﬁ%ﬁ)ggaﬁﬂéi@ct?eﬁi d,

hydr ogen brom de, hydrobrom c acid, en 1o

ort hopho | C i .net.aphgsphori.c, aci.d hosphinic acid hosphoni c
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silicotungstic gcid sodi um si |l i cotungst ate, phosphotungstic acid, sodium
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compound according to the claim (1) wherein the acid catalyst
containing aqueous solution has an acid catalyst concentration
of from 1 ppb to 70 ppm, and the melar ratio (water/aliphatic

10 double bond having compound) of water to the aliphatic double
bond having compound is from 2 to 25.

(5) The process for producing a hydroxyl group-containing
compound according to any one of the claims (1) to {4} wherein
the reaction temperature is from 250 to 450°C and the reaction

15 pressure is from 4 to 9b MPa.

{6) The process for producing a hydroxyl group-containing
compound according to any one of the claims (1) to (5) wherein
the acid catalyst is any one of hydrochloric acid, hydrogen
chloride, chlorous acid, hypochlorous acid, sulfuric acid,

20 sulfurous acid, nitric acid, nitrous acid, hydrogen fluoride,
hydrofluoric acid, hydrogen bromide, hydrobromic acid,
hydrogen iodide, hydricdic acid, orthophosphoric acid,
metaphosphoric acid, phosphinic acid, phosphonic acid,

diphosphoric acid, tripolyphosphoric acid, boric acid,



si |l i conol ybdate, phosphonol ybdi c acid, sodium phosphonol ybdate, benzoic
acid, acetic acid, salicylic acid, 5 oxalic acid, trifluoronethane sulfonic
acid, p-toluenesulfonic acid and phenol. (7) The process for producing a
hydr oxyl group-containing .conmpound attording to any one of the clains (1)
to (6) wherein the acid catalyst is any one of hydrochloric acid, sulfuric
acid, 10 nitric acid, orthophosphoric acid and netaphosphoric acid. (8)
The process for producing a hydroxyl group-containing conpound according
to any one of the clainms (1) to (7) wherein the aliphatic double bond
havi ng cofpbuRETFBIAT AB el @f iSPdrum dildliefdtmndss 19y, The gpovess ftoic
produci ng a hydroxyl group containing conpound according to any one of the
clainms (13cid, (Epdwher gihwspthive ualgspleetd ¢ slolibd@nddpdd baviarg a6 o rgaaiingn
conprises at |east one selected fromethylene, propylene, 1-butene,
2-but ene, sil sebubenBdaie pent enghdspentenendi sopent engyq 1- hexeng 29,
2- hexene, 3-hexene, isohexene, heptene, octene, nonene, decene, dodecene,
cycl ohex 7 Lepe, = L e 1, 4- t adj-e .1, 3- hexadi ene,
1, 4- hexadi ec?lse},%h%,ngﬁgggg?'en%%ﬂ§02,P€Z§ﬁex'a I e%%l?c %&%}’h}g%lglgﬁelnle? Cl&(’
7-oct adi e 1, 8-nopadiene, . 1,9--decadi.ene. 1, 3-cycl|ohexadiene, .
1,4-c§’c|o e%a%?ene, éﬂ%%’tyrenéc,mzﬁ%uﬁr%%%%e, trangtst9itene, &cid.
cis-stilbene, tri hef¥lethene, tetraphenyl ethene and divinyl benzene.
p-toluenesulfonic acid and phenol.

(7)Theprocessforpmodﬁcingeahydroxylgroup—containing
.compound according to any one of the claims (1) to (6) wherein
the acid catalyst is any one of hydrochloric acid, sulfuric acid,

10 nitric acid, orthophosphoric acid and metaphosphoric acid.

(8)Theprocessforpmoducingaahydroxylgroup~containing
compound according to any one of the claims (1) to (7) wherein
the aliphatic double bond having compound is a monoolefin or
diolefin.

15 (9) The process for producing a hydroxyl group containing
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, 1l-butene, 2-butene,
isobutene, 1l-pentene, 2-pentene, isopentene, 1-hexene,

20 2—hexene,3—hexene,isohexene,heptene,octene,nonene,decene,
dodecene, cyclohexene, 1,3-butadiene, 1, 3-pentadiene,
1, 4-pentadiene, 1,3~hexadiene, 1,4-hexadiene, 1, 5>-hexadiene,
2,4-hexadiene, 1, 6-heptadiene, 1,7-octadiene, 1, 8-nonadiene,

1, 8-decadiene, 1, 3~cyclohexadiene, 1,4-cyclohexadiene,



DETAI LED DESCRI PTI ON OF THE | NVENTI ON 5 The process for producing the

hydr oxyl group-containing conpound according to the present invention wl|l
be described in detail below. In the present invention, an aliphatic
doubl e bond having conpound and wat erllare subjected to hydration reaction
in the 10 presence of an acid catalyst to produce a hydroxyl

gr oup- cont ai ni ng conpound. (Aliphatic double bond having conpound) The

al i phati c doubl e bond havi ng conmpound used in the invention is a conmpound
having at | east one aliphatic group 15 carbon-carbon doubl e bond capabl e
of hydratifigtensich adlalnonbeneenn, a tdicolsefdtildehde he killee sas ldeser,i bed
bel ow. Exanples of the nonoolefin may include aliphatic nonoolefins and
aronat i ¢ grigpipecpdEhanag teneabréhns etkpnesentedibynihebbaklkeawi.ng fornmul a
(1): 20RRRC=CR3R4 ... (1) In the formula, each of RL to R4 is

i ndependently a saturated aliphatic group, aromatic group or hydrogen.
Speci fic exanples of the aliphatic nonool efins may i ncl ude et hyl ene,

propyl ene, 1. but ene, p2rkou eRepekagbUbeaR. o 2rArPERYENST R PeNt ene,

i sopent ene, 1-hexene, exene, exene, 1Ssonexene, eptene, octene,
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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 least one aliphatic group
15 carbon-carbon double bond capable of hydrating, such as a
monoolefin, a diclefin 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 RIR?C = cr3rY ... (1)
In the formula, each of Rl to R%Y is independently a
saturated aliphatic group, aromatic group or hydrogen.
Specific examples of the aliphatic monoolefins may

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



group-cont ai ni ng nonool efins may i nclude styrene, allylbenzene,
trans-stil bene, cis-stil bene, triphenylethene and tetraphenyl ethene.
Exanpl es of the diolefin may include aliphatic diolefins and aromatic
group containihg diolefins representedidy the following formula (2): 10
R5R6C = CR7 - R8 - ROC = CRIOR11 ... (2) In the fornmula, each of R5 to R7
and each of RO to R11 are independently a saturated aliphatic group,
aromatic group or hydrogen, and R8 is a saturated aliphatic group,
‘aromatic _group or a single bond. 15 Specific exanples of the aliphatic
di ol ef ins RRY-FMRI udiePent 80But ABPRABLENE3- peheianene 2-Lezepent adi ene,
1, 3- hexadi ene, 1, 4-hexadiene, 1, 5-hexadiene, 2, 4-hexadi ene, 1,

6- hept adi eneexene 7-iscthadicarse, hépBenonaditeares, hodedecatk®@nes, Hodecene
3-cycl ohexadi ene and 1, 4-cycl ohexadi ene. Specific exanples 20 of the

aromat i ¢ Hidupy chothekanag dHpdeliins dmymp Ned usle e vhipyhdepzene and the
like. (Acid catalyst) Exanples of the acid catalyst used in the invention

may 1 nclgesuhydsochl orag A6hdo1 byghoosaycabatide. sehiangys acid, 13
hypochl orous ‘acid, sulfufic acid, sulfurous acid, nitric acid, nitrous

acta shyApopLLhyons de Or ot voche, agtd- SRY9508T (D5 RLAG, Ry om ¢
and tetraphenylethene.

Examples of the diclefin may include aliphatic diolefins
and aromatic group containing diolefins represented by the
following-formula (2):

10 ROROGC = CR/ - R8 - RIC — criORIL [ . (2)

In the formula, each of R to R7 and each of R? to RIL
are independently a saturated aliphatic group, arométic group
or hydrogen, and R8 is a saturated aliphatic group, aromatic
group or a single bond.

15 Specific examples of the aliphatic diclefins may include-
1,3-butadiene, 1,3-pentadiene, 1,4-pentadiene, 1,3-hexadiene,
1, 4-hexadiene, 1,5-hexadiene, 2,4-hexadiene, 1, 6-heptadiene,
1, 7-octadiene, 1,8-nonadiene, 1, 9-decadiene,
1,3-cyclohexadiene and 1, 4~cyclohexadiene. Specific examples

20 of the aromatic group-containing diolefins may include
divinylbenzene and the like.
{Acid catalyst)

Examples of the acid catalyst used in the invention may

include hydrochloric acid, hydrogen chloride, chlorous acid,



ort hophosphori c acid, metaphosphoric acid, phosphinic acid, 5 phosphonic
aci d, diphosphoric acid, tripolyphosphoric acid, boric acid,
silicotungstic acid, sodlun1S|I|cotungstate phosphot ungsti ¢ acid, sodi um
phosphot ungstate, siliconolybdic acid, 3sodlumsilicormlybdate,
phosphonol ybdi ¢ aci d, sodi um phosphonDbedate, benzoi c acid, acetic acid,
salicylic acid, 10 oxalic acid, trifluoronethane sulfonic acid,

p-t ol uenesul foni ¢ acid and phenol, and preferably may include

wat er - sol ubl e aC|d catal yst such as hydrochl oric acid, hydrogen chloride,
chl or ous HERYEH %95%Eﬁla§r%sséélfﬂrl§u¢ﬂﬁa SHd W owRFious BEL d aqid i ¢
acid, nitrous acid, hydrogen fluoride, 15 hydrofluoric acid, hydrogen

br oni de, Thiy/elF P o@ﬁtdadi}dirqw o‘g}emmo:th,dé;ydwfrlmﬁtrn: aead id, denjmsphorl c

acid, metaphosphoric acid, phosphinic acid, phosphonic acid, diphosphoric

aci d, trlmmbmpﬁasphpdrcbﬁcmﬁg bot d¢ Bgddogeﬁlhb@@ﬂ@ﬂg&@ﬁgl@@ja a209¢,um
S|I|cotungstate phosphot ungstic 20 aci d, sodlunlphosphotungstate

si | i conol bt Splash o 8061 4810 51 hi€8pRb¥BEBLe - RBISPhARRIKRALS
sodi um phosphonol ybdat e. Anobng theﬂgboge ach cat al %stss¥> hy ro Cﬂ'orlc

R R R L S B T
hydroxylzégrlg acid, silicotungstic acid, sodium silicotungstate,
phosphotungsticacid,sodiumphosphotungstate,silicomolybdic
acid, sodium silicomolybdate, phosphomolybdic acid, sodium
phosphomolybdate, benzoic acid, acetic acid, salicylic acid,
10 oxalic acid, trifluoromethane sulfonic acid,
p-toluenesulfonic acid and phenol, and preferably may include
water-soluble acid catalyst such as hydrochloric acid, hydrogen
chloride, chlorous acid, hypochlorous acid, sulfuric acid,
sulfurous acid, nitric acid, nitrous acid, hydrogen fluoride,
15 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 silicotungstate, phosphotungstic
20 acid, sodium phosphotungstate, silicomolybdic acid, sodium
silicomolybdate, phosphomolybdic acid and sodium
phospheomolybdate.

Among the above acid catalysts, hydrochloric acid,

sulfuric acid, nitric acid, orthophosphoric acid and



cont ai ni ng conpound according to the invention, the acid catalyst is used
in such a proportion that the concentration 5 of an acid catal yst
cont ai ni ng aqueous solution submtted to reaction with the aliphatic
doubl e bond- havi ng conpound is general4y from1l ppb to 500 ppm preferably
1 ppb to 300 ppm nore preferably 1 ppb to 70 ppm especially 10 ppb to 50
“ppm When the acid catalyst is used in the above proportion, 10 the
hydrati on reaction can be carried out at a sufficient rate, and the

catal yst recovering step and the catal yst neutralizing step can be vastly
reduced andtfphehphocatabyst pegepeerderond. catal yst exchange and the |ike
are unnecessary. (Reaction conditions) 15 The hydration reaction of the

al i phatic doubl Znbond phavésg torppusduwvihl watenybsonyef grably carried out
in the presence of the acid catalyst at a reaction tenperature of from

200 to 6086ntndeing EBABLLAR PEESSHEBGOLf EAM 1nte VPg, '
preferably at a rggctiog t enperat ure gf Pron1258 tS%g%SC %8eun é&ia

reaction presete oL LLom 6,80 Mo JUIL I ML srablu ol g renet i on

tenperature of from250 to 4 reacti.on Ssur

50 MPa, nngt greferabl%ﬁi§ a.reqftjon tenperature near the critical point
under °a r@act’ g €53 Sthéd™ 1 e N9 AFROBoistl M AR IspbRi tird to
supercritical or 15 subcritical tenperature under the supercritical or
subcriti cafachtelstitkh Fhe etipPhehltcpernablesbangrhevéab compeuacuris and

generally from 1 ppb to 500 ppm, preferably 1 ppb to 300 ppm,
more preferably 1 ppb to 70 ppm, especially 10 ppb to 50 ppm.
When the acid catalyst is used in the above proportion,

10 . the hydration reaction can be carried out at a sufficient rate,
and the catalyst recovering step and the catalyst neutralizing
step can be vastly reduced and furﬁher catalyst regeneration,
catalyst exchange and the like are unnecessary.

(Reaction conditions)

15 " ©  The hydration reaction of the aliphatic double bond
having compound with water is preferably carried out in the
presence of the acid catalyst at a reaction 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°¢

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 from 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



critical pressure at which a gas and a liquid can coexist and is

determ ned by a nolar ratio of water to the aliphatic double .5 bond having
conmpound (water/aliphatic double bond having conpound). In the present
invention, the supercritical or subcrttical reaction tenperature and
supercritical or subcritical reaction pressure near the critical point are
specifically from270 to 400 'C and from5.5 to 50 MPa, 10 respectively.
When the tenperature and the pressure are in the above ranges, the
hydration reaction can be carried oqut at a sufficient rate. The nol ar

rati o of TPeFltdCthé PSS HBUBF &N RYPSISTRACR bydwrd tical

(wat er/aliphatic double bond having conpound) 1is generally from1 to 50,
pref er ablgrasseres, Thor eprieferalbgin? 19 20crespesl at bypsrabuts. aien t he
nolar ratio of water to the aliphatic double bond having conpound is the

above rangeitacal gtemunducedhiet e ga20ahava ol @iid atd® sdoh dthatnd he
reactor size is increased owwng to the prolonged reaction tine is avoi ded,

and a probd eEtdHHGRA biyna e 4V ¢B A8l 8F WAld O cSUEhe tat 1 Diey @npu; Of

wat er used per production is increased to increase the reactor size or

eNOT 0% oot [y LAeT EARIAGCL N, BLEY REEASNLE LBLANE! B0y 1O, LRNAr oXy

group-containing c roxy roup-contai ni ng conpou produced
n compound} . In the present invention, the supercritical or
subcritical reaction temperature and supercritical or
subcritical reaction pressure near the c:itical point are
specifically from 270 to 400 °C and from 5.5 to 50 MPa,
10 respectively.
When the temperature and the pressure are in the above
'ranges, the hydration reaction can be carried out at a
sufficient rate.
The molar ratio of water to the aliphatic double bond
156 having compound (water/aliphatic double bond having compound)
is generally from 1 to 50, preferably 1 to 25, more preferabliy
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 low 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 ratic 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.



accordance wth the process of the present invention is a conpound in
which any one of two carbon atoms constituting the 5 double bond of the

al i phati c doubl e bond having conmpound is I|inked with a hydroxyl group.
Wien the aliphatic doubl e bond haV|ng”%onpound is a nonoolefin represented
by the formula (1) , alcohols represented by the follow ng fornul as

are. produced: RIR2(HO C - CHR3R4 and/or RIR2C - C(OH) R3R4 10 The hydroxyl
group-cont ai ni ng conpound prepared preferably in accordance with the
process of the invention may include ethanal, 2-propanol, 2-butanol,

2- et hyl - FyfTopranbl 9L OWR etk BRI 13- peRPaHBR) 3- net hyl - 2- but anol ,

2- et hyl - 2- but anol , 2-hexanol, 3-hexanol, 15 2-nethyl -2-pentanol,
3-nethy|-2-penfﬁhﬁﬂhdeDXHﬁPQMOGPmemtﬂmminQ-nemhyhna-pendaned,in

3-net hyl - 3--pentanol, 2-ethyl-2-butanol, 2, 3-dinethyl-2-butanol,

3, 3- di netdyde2ddutanel tlanthe 2p Bodes®t 6| tBebptraBeht2@n¥hatabhphat iac doubl e
bond havi ng conpounds corresponding to these conpounds may i ncl ude

et hyl ene,comepyh&ne whibut @ﬁy,on@ omﬂt%e@akﬁeﬁ%%ﬁs coR&HENS n £ RNt ene,

2- nethyl-l-butene 3-nmet hyl -1 -butene, 3-nethyl-2-butene, 1-hexene,
2-h
4- ng? <?1%%ﬂ?§ﬁe gf“@%@ %lg@%?%ﬁggogglgehgﬁd %agggéeggmpound is

4-nethy| %Jﬂggé %ﬁ]z % B¥ox}ﬁ‘8¥%ﬁ£?’ ﬁhgndtﬁgpa l_ﬂatlc J%uble bond
having compound is a monoolefin represented by the formula (1),
alcohols represented by the following formulas are produced:

RIRZ (HO)C - CHR3R? and/or RIRZ2C - c(0H)R3R4

10 ‘The hydroxyl group-containing compound prepared
preferably in accordance with the process of the invention may
include ethanol, 2-propanol, 2-butanol, 2-methyl-2-propanol,

- 2-pentanocl, 3-pentanol, 3-methyl-2-butanol,
2-methyl-2-butanol, 2-hexanol, 3-hexanol,

15 2-methyl-2-pentanocl, 3-methyl-2-pentanol,
4-methyl-Z-pentanol, 2-methyl-3-pentanol,
3-methyl-3-pentanol, 2-ethyl-2-butanol,

2, 3—dimethyl-2-butanocl, 3,3-dimethyl-2-butanol and
2,3-dimethyl-3-butancl

20 Thealiphaticdoublebondkmvingcompoundscorresponding
to these compounds may include ethylene, propylene, l-butene,
Z2-butene, iscbutene, l-pentene, 2-pentene, 2-methyl-1-butene,
3-methyl-l-butene, 3-methyl-2-butene, l-hexene, Z—hexene,

3-hexene, 2-methyl-l-pentene, 3-methyl-l-pentene,



3, 3-dinmethyl -1-butene and 2, 3-di net hyl - 2-butene. The present invention is
preferably used for producing 5 ethanol, 2-propanol, 2-butanol,

2- met hyl - 2- propanol, 2-pentanol, 2-hexanol and 4-nethyl -2-pentanol .
(I'l'lustration of Production) The proceks for producing the hydroxyl group
contai ning conpound by hydration reaction of the aliphatic double bond 10
havi ng conpound with-water according to the invention will be described
below with reference to the case where the aliphatic double bond having
conmpound i s a nonool efin. The reaction may be carried out by any of the

bat ch w se-meehhbdl apdntenei ndowst el hddpeTheneeadt-imanhwil -2 —toheen teond i nuous
15 nethod will be described with reference to Fig. 1 show ng one enbodi nent

of a genesahethpi-shpehteohel e algps-10fbiedidey,) RY 30Ul mek R 11-NVeNid Qb
Persons skilled in the art can easily conduct the process with the batch

wi se met hods y; apphyi 0g- %Q@enge§ﬁa' @teoalfaéthpg gegﬁﬁéﬁewth the continuous

met hod. 20 Froma raw nmaterial tank wat er to a tank 6 for

preparing an a;fél'?e %%?aé%,?% l%q/[gnatlnénn %t a%uer (1I ut| on 6’25?%’ O[dé%(llr!@nfeof

The acid cat al rroman -aci yst
prepari ng the aﬁa cgta st c ntai ni ng . aqueous solutlon through a I|ne 5
ter

and nPxed W ter 4SS ef eraBRyhvan2 EREIRATGE vt er .

The aci d catal yst contalnlng aqueous solution prepared herein is fed to a
reactor <2-pentanol, Z2-hexanol and 4-methyl-2-pentanol.

(Illustration of Production)
The process for producing the hydroxyl group containing
compound by hydration reaction of the aliphatic double bond
10 having compound with water according to the invention will be
described below with reference to the case where the aliphatic
double bond having compound is a monoolefin.
The reaction may be carried out by any of the batch wise
method and continuous method. The reaction with the continuous
15 method will be described with reference to Fig. 1 showing one
embodiment 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 continuous method.
20 From a raw material tank 1, water 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 catalyst tank
2 to the tank 6 for preparing the acid catalyst containing

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



9 through a line 7. Before feeding to the reactor, the acid catalyst
cont ai ni ng aqueous solution nay be optionally 5 preheated and then fed to
the reactor. An olefin is fed from a raw nmaterial tank 3 to the reactor 9
through a line 8. In this case, the ol®fin may be optionally preheated and
then fed to the reactor. The generated reaction liquid is fed to a plant
for a separating process 11 through a line 10 to separate an 10 unreacted
ol efin and an acid catal yst contai ni ng agueous solution. The unreacted
olefinis recycled in the reactor 9 through a line 12. The acid catal yst
cont ai ni nY2 hftetiRd ssinnafeyald v depcreghapoehe react hedachd magtnlaydt ne 13.
Through a line 14, a crude al cohol containing a byproduct and the |like 15
is fed i ntonhaphany Fprecupepiliiying precessd He ranich t bef &y produciactand t he

| i ke are separated by a nethod such as rectification, etc through a line

16. Ther eaf tefoughcohDiné s7 pr et tivalghy @ ldme b stiied,diio a
production tank 18. In the reactor 9, the nonoolefin and the acid catal yst

20 cont ai 8 pg1 agueous, SOl LAGN haviags 2 J61dk £ alus)  goneentitd an, of 1

ppb to 500 ppm are allowed t0 contact ea a nol a wat er

oyt o SUREBTEAFoEoHRL S e PR W9 CRTIRNG (vBLeCl ALLEDEAC, doutl e bone
0001C under 12 S.PLoD.Pressk s o 4l a0 0P I A0R [eReRdon, VRer s
this case, the olefin may be optionally preheated and then fed
to the reactor. The generated reaction liquid is fed to a plant
for a separating-process 11 through a line 10 to separate an
10 unreacted olefin and an acid catalyst containing aqueous
solution. The unreacted olefin is récycled in the reactor 9
through a line 12. The acid catalyst containing aqueous
solution is recycled to the reactor 9 throughaline 13. Through
a line 14, a crude alcohol containing a byproduct and the like
15 is fed into a plant for a purifying process 15 and the byproduct
and the like are separated by a method such as rectification,
etc through a line 16. Thereafter, alcohol is produced through
a2 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



in any one state of gas, liquid and super critical states in accordance
with the tenperature and pressure. The reaction is carried out in
preferabl e conditions such that the acid catalyst 5 concentration is from1
ppb to 300 ppm preferably 1 ppb to 7019 ppm nore preferably 10 ppb to 50
ppm the reaction tenperature is from200 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 450C and 5.5 to 50 MPa. The hydration

10 reaction is nost preferably carried out at a reaction tenperature near
the critizatipoiptesmder @f rkact i b0 ptBssurle tmear roaetdrdrt,i ealt epoiing |
nanmely, at a supercritical or subcritical tenperature under a

supercritigadnprorsybadddd e gd¥,essHie.d EndThepad ariatd0 ek waterfo the
al i phati c doubl e bond having conpound (water/aliphatic double bond having

CO”DOUnd)ac&§r£ﬁﬁé@RﬁﬁﬁytﬁéoﬂéﬂpéPa@§r?Fﬁg?gg%%E%E%plyTﬁet 243 f 4 t;hernore

preferably 5 to 15. The reaction tine ence tine) 1n the reactor 9 is
20 adequ : ] ing to.the kind.of the.nonoplefin, reaction
t enper at 3%% er%g%tﬁ rtoq nrpgggg(sé%%%(%ng S het O RET ohet echgn%lmg% LA tabout
from 8.1 sec to 30 mn.. EFFECT_OF THE I NVENTI ON 20 According to the

pr odu@t i or°PFOLRERT BT the T5R8s énPPRi 1R ettt EF™ hpdriersR ¥ehdtRdr f Can

al i phati c doubl e bond
ppm, more preferably 10 ppb to 50 ppm, the reaction temperature

is from 200 to 600°C and the reaction pressure is from 1 to 100
MPa, more preferably 250 to 450°C and 4 to 90 MPa, furthermore
preferably 250 to 450°C and 5.5 to 50 MPa. The hydration

10 reaction is most preferably carried out at a reaction
temperzture near the cfitical point under a reaction pressure
near the critical point, namely, at a supercriticél or
subcritical temperature under a supercritical or subcritical
pressure.

5 The molar ratio of water to the aliphatic double bond
having compound (water/aliphatic double bond having compound)
is preferably from 1 to 25, more preferably 2 to 20 furthermore
preferably 5 to 15.

The reaction time (residence time) in the reactor 9 is

20 adequately dgtermined.according to the kind of the monoolefin,
reaction temperature, reaction pressure and other conditions,

and generally about from 0.1 sec to 30 min.

EFFECT OF THE INVENTION



havi ng conpound with water can be carried out at a sufficient rate in the
presence of a slight anobunt of an acid catalyst at 5 a high tenperature
under a high pressure. Mre particular$%, t he process can vastly reduce
the conventional step of recovering t catal yst and catal yst
neutralization step and does not require catal yst regeneration, catalyst
exchange and the like so that a hydroxyl group-containing conpound can be
10 prepared efficiently at a low cost. EXAMPLE The present invention will
be described in nore detail below with reference to the foll ow ng exanples,
but it is not ABITHRRdtBy Gt exapprédon nceachssdf ofxabpeeprament
Conpar ati ve Exanples, hydration reaction of an olefin was carried out with
t he cont iituoerst et hotydwsitngna fdaovy reeacd £ omnappar@tiatsi @asdshbwe igordd 9. 2
-The reaction apparatus as shown in Fig. 2 has punps 23, 24, a reactor 25,

20 a heatreyv 26y ansiso bac kv ipfressitice eant el cXakved2dut At acisd £ rgatial st
cont ai ni ng aqueous sol ution prepared by mxing water as a raw materi al and

an aci d catad yist t‘P{%SFE:%@eBEet be Jeﬂﬁtg‘?{th a%%l.lfnr‘cogkaa}la{&L 1 ta%‘lz 3 il

23, a raw materi al efin was fed to the reactor usi ng
t he pynp %h d  th é% wer he reactor if ration
reactl on. £ Zcfh terrg>>é Fature grﬂl pr%ssu RfFTHe T ea oorre §§ %étcélh’aet&}f'at ed by
t he heater 26 and t he back pressure control val ve 27 and a
process can vastly reduce the conventional step of
recovering the catalyst and catalyst neutralization step and
does not require catalyst regeneration, catalyst exchange and

the like so that a hydroxyl group-containing compound can be

10 prepared efficiently at a low cost.

EXAMPLE

The present invention will be described in more detail

below with reference to the following examples, but it is not
15 limited by the examples.

In each of Examples and Comparative Examples, hydration
reaction of an olefin was carried out with the continuous method
using a flow reaction 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 contreol wvalve 27. B&An acid
catalyst containing agueous solution prepared by mixing water
as a raw material 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



reaction liquid was taken out froma tank 28 for reaction liquid. 5 The
reaction time (residence tine) was controlled by the flow rates of the raw
mat eri al acid catal yst containing aqquus solution and the raw nateri al
olefin with controlling the punps 23,224, In Exanpl es and Conparati ve
Exanpl es, a space tine yield 10 (STY) was determ ned fromthe conposition
of a reaction liquid by the followng fornula (1) . The conposition of the
reaction liquid was determ ned by the analysis with a gas chromat ography
mass spectroneter (GC-MS) manufactured by Agilent Technol ogies. 15 Fornul a
(1): STY {Ygieaien = El&ﬁn{ﬁﬁcwr g?ec-héranéHSﬁl Rb#BR 19N ({o%piren of TR al yst)
X (Reaction tine)} Exanple 1 20 Propyl ene was used as an olefin and the
react or 25=Nperahent ezndiiesherdealt erhQ e eadidratd onweareaotagn avaesd day ri ed
out by regulating the reactor 25 at a reaction tenperature of 380C under
a reacti orheriessucee 26 3ddVRacancdihesaddurd ccasct dol coatent rat ize of an
aci d catal yst containing aqueous solution 99 of 50 ppm The nolar ratio of

water to Jpé&ﬁ)ﬁfi@rﬁ\@ S d5@4s k@ kehlo @ e rihifa IIILHER ! AR WRSH 38l fiq4 10 mi n
by regulating the ow rate of the acid catal yst containing aqueous

sol utizon 0 Iﬂe%?ctgfcth difie REQRYLRRR S LOWeh ahEst CokBr 81 9L B idE gl une of

rates of the raw material acid catalyst containing aqueous
solution and the raw material olefin with controlling the pumps
23, 24.
In Examples and Comparative Examples, a space time yield
10 (5TY) was determined from the composition of a reaction liquid
by the following formula (1). The composition of the reaction
liquid was determined by the analysis with a gas chromatography
mass spectrometer {GC-MS) manufactured by Agilent
Technologies.
15 Formula (1):
STY (g/g-cat-h) = (Amount 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 out
by regulating the reactor 25 at a reaction temperature of 380°C
under a reaction pressure of 30 MPa and the sulfuric acid

concentration of an acid catalyst containing aqueous solution



5 the reactor to 50 nL. In this reaction, the STY was 1, 960 g/g-cath.
Exanpl e 2 The procedure of Exanple 1 was repeated except that the
tenperature was 370C and the nolar ratio of water to propylene 10 was set
to 10 and the residence tine was set t® 10 nin by regulating the flow rate
of the acid catalyst containing aqueous solution to 109 g/h and the
propylene flowrate to 25.3 g/h. In this reaction, the STY was-2..310

g/ g-cath. Exanple 3 15 The procedure of Exanple 1 was repeated except that
t he tenpera%gre was 360C and the nolar ratio of water to propylene was
set to 10°and’ (AR esitfeod &t ity Fetvatee a0 MiRF ARy L ey iiad i/ tie 1 ow
rate of the acid catal yst containing agueous solution to 113 g/h and the
propyl enel | vl rHte aepiZ@ B ay/tine M@ sl getthits teanin doy e ISRYEmaS R 930

g/ g-cath. Exanple 4 The procedure of Exanple 1 was repeated except that the
t enper at uf Fowasa 350G ahe thednobkaalyati contavBiey dQuesepHEne- i@ set to
10 and the residence tine was set to 10 mn by 23 regulating the flow rate

of the acigh cpta) tele pRBHGIRNBIFRAUERHEe SO 1) /H0aAd8: 9 Ny d e
propyl ene flowrate to 27.5 g/h. In this reaction, the STY was 4, 590
o/ g-cat - hen EXABRLEGD to 50 mL. In this reaction, the STY was 1,960
g/g-cat-h.
Example 2
The procedure of Example 1 was repeated except that the
temperature was 370°C and thel molar ratio of water to propylene
10 was set to 10 and the residence time was set to 10 min by
regulating the flow rate of the acid catalyst containing agueous
solution to 109 g/h and the propylene flow rate to 25.3 g/h.
In this reaction, the STY was 2,310 g/g-cat‘h.
Example 3
15 The procedure of Example 1 was repeated except that the
temperature was 360°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 fiow rate of the acid cataiyst containing aqueous
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 molar ratio of water to propylene

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



5 The procedure of Exanple 1 was repeated except that the tenperature was
340' C and the nolar ratio of water to propylene was set to 10 and the
residence tinme was set to 10 min by roeagul ating the flowrate of the acid
cat al yst contai ni ng agueous solution t0 122 g/h and the propyl ene flow
rate to 28.4 g/h. 10 In this reaction, the STY was 6,390 g/g-cat-h.

Exanpl e 6 The procedure of Exanple 1 was repeated except that the
tenperature was 32G C and the nolar ratio of water to propylene was set to
10 and the residence tipe was set _to 10 mn by _15 regulating the flowrate
of the acfi%g‘éi?%l’r&‘r%tth@o%%‘f RERG A GE6LAC IR RGPS tt PN DY 7 R A s
propylene flowrate to 30.1 g/h. In this reaction, the STY was 10, 300

g/ g- cat - SO BEXahpl et T 1 Thes Lt oot rhe ¢fr ramplee fil ovas atepaat &F .éxcefit. t hat
the 20 tenperature was 310'C and the nolar ratio of water to propyl ene
was set tin lthandreheties) deheeSTimeanasd, 580 §dgiBami-h.by regulating the
flowrate of the acid catal yst containing agueous solution to 133 g/h and
t he propy fédosv rate to 30.9 g/h. In this reaction, the STY was 11, 800
g/ g-cat - h. anpl e 8 The procedure of Exanple | was repeated except that

R T L e
temperature was 340°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
s&lution 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 Example 1 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 regulating the flow rate of the acid catalyst containing aqueous
solution te 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.
Example 7
. The procedure of Example 1 was repeated except that the
20 temperature was 310°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.



5 regulating the flowrate of the acid catal yst contai ning aqueous
solution to 136 g/h and the propylene flowrate to 31.7 g/h. In this
reaction, the STY was 10,700 g/ g-cat-h, Exanple 9 The procedure of Exanple
| was repeated except that the 10 teﬁ%%rature was 280' C and the nol ar
ratio of water to propylene was set to 10 and the residence tine was set
to 10 mn by regulating the flow rate of the acid catal yst contai ning
aqueous solution to 142 g/h and the propylene flowrate to 33.2 g/h. 1In
this reaction, the STY was 9,580 g/g-cat-h. 15 Exanple 10 The procedure of
Exanpl e 1E%@@®P}@pBat ed except that the tenperature was 260' C and the nol ar
ratio of water to propylene was set to 10 and the residence tine was set
to 10 min by rByulatagrpute df Fewnpdeelofashecpehtedatatgst womit dite ng
aqueous 20 solution to 149 g/h and the propylene flowrate to 34.7 g/h. In
thi s reactempersbher SWaANES 04C190d ahg- ral ab. rExaop fewiteFhen pregadl e of
Exanpl e | was repeated except that the tenperature was 250" C and the nol ar

rati o of wabesetotpr apylane 29 Wasssgtnte AN, ddhesdesidengentifm,yas set
to 10 mn by regulating the flowrate of the acid catal yst containi'ng

oo, SO S A e e RS UL bl 1T
solution to 136 g/h and the propylene flow rate to 31.7 g/h.
In this ieaction, the STY was 10,700 g/g-cat-h.
Example 9
The procedure of Example 1 was repeated except that the
10 temperature was 280°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 142 g/h and the propylene flow rate to 33.2 g/h.

In this reaction, the STY was 9,580 g/g-cat-h.

15 Example 10

The procedure of Example 1 was repeated except that the
temperature was 2606°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

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



5 Exanpl e 12 The procedure of Exanple 1 was repeated except that the
tenperature was 380C, the sulfuric acid concentration in the acid catalyst
cont ai ni ng aqueous sol uti on was regul a,;fd to 0. 5 ppm (500 ppb) and the
nolar ratio of water to propylene was et 10 to 10 and the residence tine
was set to 10 min by regulating the flowrate of the acid catalyst

cont ai ni ng aqueous solution to 102 g/h, the propylene flowrate to 23.8
g/h and the volune of the reactor 25 to 50 nL. In this reaction, the STY
was 172, 19a099 S‘?ég-catl-oh. 1Cf tr%a Ie.éB The procedure of ExanBI e 1l was
repeat ed 'SXeept “t hat “thé"q riper Attt 8RG8 518€, "B 8H 1R tValig by
concentration in the acid catalyst containing aqueous sol ution was

regul at ed® ¥ B0 PP pmcahtow Ké tRgt it Peat ¢ b 6B tRdte T prbpitesausasiset to
10 and 20 the residence tine was set to 10 mn by regulating the flowrate
of the aciedlwatean ysr tohtaimiang ddequsomolantd dildvo B33 dg/ch 3@nd ¢/he
propylene flowrate to 30.9 g/h. In this reaction, the STY was 1, 340

g/ g- cat h.Ir26:loowpes at © ven Exenpl 811 #he procedyrg-ektExanple 1 was repeated
except that the tenperature was 190C, the pressure was 30 MPa, the

sul fusi c p:aghgh€ongentration in the acid catalyst containing aqueous 5
solutionwas regulated to 50 ppmand the nolar ratio of water

The procedure of Example 1 was repeated except that the

temperature was 380°C, the sulfuric acid concentration in the

acid catalyst containing aqueous solution was regulated to 0.5

ppm (500 ppb) and the molar ratio of water to propylene was set

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

the flow rate bf the acid'éatalyst containing aquecus solution

‘-to 102 g/h, the propylene flow rate to 23.8 g/h and the volume

of the reactor 25to 50mL. Inthis reaction, the STY was 172,000
g/g-cat-h.

15 Example 13

The procedure of Example 1 was repeated except that the
temperature was 310°C, the sulfuric acid concentration in the
acid catalyst containing agueous solution was regulated to 500
ppm and the molar 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 agueous solution to 133 g/h and
the propylene flow rate to 30.9 g/h. 1In this reaction, the STY

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



to propylene was set to 10' and the residence tine was set to 10 mn by
regulating the flow rate of' the acid catal yst containing aqueous sol ution
to 104 g/ h and the propyl ene flow rate.to 65.1 g/h. In this reaction, the
STY was 0 g/g-cath. 10 Conparative Exaﬁple 2 The procedure of Exanple 1
was repeated except that the tenperature was 250C, the pressure was 30
MPa, the sulfuric acid concentration in the acid catal yst containing
aqueous solution was regulated to 0.0005 ppm (0.5 ppb) and the nolar 15

rati o of &a%er t%. ropyl en s set to 10 and the residence tine was set
to 10 nin—%yﬁgﬁéuﬁgﬁkﬁééﬂﬁigzﬁoM/rate of the acid catalyst containing
aqueous solution to 152 g/h and the propylene flow rate to 35.4 g/h. In
this reaction, THe BIYCE@Hrd off >eammle lCoaparapeateBxanppt 3128t Thee
procedure of Exanple 1 was repeated except that the tenperature was 250C,
the pressheBrpast3@eMPas 1H@°Sul fluei greaside coasehd rard orchd diler aci @
cat al yst containing agueous solution was regulated to 50 ppm and the
mol ar rataoidf cwatent rbeiphopyl et Wasigdetata19s8 @@gtgq%i%§ﬂé§3%ghgine
was set to 27 10 min by regulating the flow rate of the acid catalyst

t aigni 259! 2id 7 t te t
cont aishi Ngo 2GUEEHSWES! Hd 0ty 24 %Cﬂ@tﬂmﬁﬁg/dg?gg%&’%e?&%%’% wragto%di '?i ons

81.1 g/h. In this reaction, the STY was*0 e reaction

and the SIY ¥abUESehB RXMBLES o S d 40 WhandL Pamarati ve Bxamles L to 3
10 min by regulating the flow rate of the acid catalyst
containing aqueous solution to 104 g/h and the propylene flow

rate to 5.1 g/h. In this reaction, the STY was 0 g/g-cat-h.

10 Comparative Example 2

The procedure of Example 1 was repeated except that the
temperature was 250°C, the pressure was 30 MPa, the sulfuric
acid concentration in the acid catalyst containing aqueous
solution was regulated to 0.0005 ppm (0.5 ppb) and the molar

15 ratio of water to propylene was sét to 10 and the residence time
was set to 10 min by regulating the flow rate of the acid catalyst
containing aqueous solution to 152 g/h and the propylene flow
rate to 35.4 g/h. In this reaction, the STY was 0 g/g-cat-h.

Comparative Example 3

20 The procedufe of Example 1 was repeated except that the
temperature was 250°C, the pressure was 30 MPa, the suifuric
acid concentration in the acid catalyst containing agqueous
solution was regulated to 50 ppm, and the molar ratio of water

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



Conpar ati ve Exanple 4 The procedure of Exanple 1 was repeated except that
the tenperature was 380C, the pressure was 30 MPa, and the nolar ratio of
water to propylene was set to 10 and t residence tinme 10 was set to 10
mn by regulating the flowrate of water to 102 g/h and the propylene flow
rate to 23.8 g/h, and the acid catalyst was not used. As a result, the STY
val ue was not determ ned because the catalyst amunt was 0. In Conparative
Exanple 4, the 15 selectivity of IPAwas 3.6 %and was a | argely decreased
val ue as ared with the selectivity of IPA of 59 %in Exanple 1. 28
Table 1 g@?ﬁ‘l‘i”c | 4F9UTEApERa- Lkt eggﬁi“'e £h9 Phtitdcofasiy Gatelyst
(MPa) concen- water to (g/

containing aqueous solution to 27.8 g/h and the propylene flow

rate to 81.1 g/h.” In this reaction, the STY was 0 g/g-cat-h.
The reaction conditions 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 procedure of Example 1 was repeated except that the
temperature was 380°C, the pressure was 30 MPa, and the molar
ratio of water to propylene was set to 10 and the residence time

10 was set to 10 min by regulating the flow rate of watef to 102
g/handthepropyleneflowrateto23.8g/h,andtheacidcatalyst
was not used.

As a result, the STY value was not determined because the
catalyst amount was 0. In Comparative Example 4, the

15 Aselectivity of IPA was 3.6 % and was a largely decreased value

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



(Otration propylene g-cath) ( m(-) Exanple 13803050101, 960 Exanpl e
23703050102, 310 Exanpl e 33603050102, 930 Exanpl e 43503050104, 590 Exanpl e
53403050106, 390 Exanpl e 632030501010, 300 Exanpl e 731030501011, 800 Exanpl e
830030501010, 700 Exanpl e 92803050109, 5 Exanpl e 102603050104, 190 Exanpl e
1125030 101, 520 Exanpl e 12380305 10172, 000 10. Exanpl e 1331030500101, 340
Conparati ve 1903050100 Exanpl e 1 Exanpal et 2Ve250300. 0005100 Conparati ve

25030500. 80

Table 1
Tempera- | Pressure | Sulfuric Molar STY
ture (MPa) acid ratio of (g/
(°C) concen-— water to |g-cat-h)
tration |propylene|
(ppm) {(-)

Example 1 380 30 50 10 1,960
Example 2 370 30 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 6 320 30 50 10 10,300
Example 7 310 30 50 10 11,800
Example 8 300 30 50 10 10,700
Example 9 280 30 50 10 9,580
Example 10 260 30 50 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
giﬁﬁgfgtive 190 30 50 10 0
gzgggiztéve 250 30 0.0005 10 0
Eggﬁgfgtéve 250 30 50 0.8 0

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

5 1 to 13 satisfying the reaction conditions specified in the



Exanmple 3 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 value of the hydration reaction is large, it is
found that the reaction is advanced eff¥dciently. On the other hand, of the
conditions specified in the present invention, the tenperature condition
does not satisfy the 5 specified conditions in Conparative Exanple 1, the
sul furic acid concentration condition does not satisfy themin

Conparative Exanple 2 and the water/propylene nolar ratio condition does
not sati sPYSERRM 1V Edhpar atd V& MExaAPl Badue| af g fofdiGompar atdace: iBranpl es

| to 3, it is clear that hydration 10 reaction is not advanced. BRI EF
DESCRI PTI OGN 1oF BRAWENG Fpyndithas ahélmwecthiest ilondeancyd og fauti erhe pr esent
invention. 15 Fig. 2 is a schematic flow sheet for an apparatus used in
Exanpl es @mdciConpareat ineeicdExafptes. cERSTt i Phb0spOE: MAEESirl the e fior raw

material water 2 ... tank for acid catalyst 20 3 ... tank for olefin raw
material idventibhecher daqling Wl efordicioh! R dLmiEedLNd g! ¢ gat al yst
5 'specified conditions in Comparative Example 1, the sulfuric
acid concentration condition does not satisfy them in
Comparative Example 2 and the water/propylene molaf ratio
condition does not satisfyAthem in Comparative Example 3. In

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

10 reaction is not advénced.

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
in Examples and Comparative Examples.

Description of Marks

1 ... tank for raw material water
2 ... tank for acid catalyst
20 3 ... tank for olefin raw material
4 ... line for feeding water
5 ... line for feeding acid catalyst
© ... tank for preparing acid catalyst containing aqueous
solution



6 .. . tank for preparing acid catal yst containi ng aqueous solution 30 7...

line for feeding acid catal yst contai ning aqueous solution 8 ... olefin
feeding line reactor 10 ... line for transporting reaction liquid 5 11 ..
separation process 12 ... line for reégbering and circul ati ng unreacted
olefin 13 ... line for circulating acid catal yst contai ning agueous
solution 14 ... line for transporting crude alcohol 10 15 ... purification
process 16 ... line for discharging byproducts 17 ... line for transporting
productiqg al cohol _ 18 ... tank for production alcohol 21 ... tank for acid
catal yst tontai Mg Caqteetsn $6Fdei GH 2 i bgontaining F@reoR 2o} Utawn
material 23 ... punp for feeding acid catal yst containing aqueous solution
24 ... puhp forofebanngeedéngnling ... reactor 20 26 ... heater 27 ....back
pressure control valve
9 ... reactor
10 ... line for transporting reaction liquid
5 11 ... separation process
12 ... line for recovering and circulating unreacted olefin
13 ... line for circulating acid catalyst containing aqueous
solution
14 ... line for transporting crude alcchol
10 15 ... purification process
16 ... line for discharging byproducts
17 ... line for transporting production alcohol
18 ... tank for production alcchol
21 ... tank for acid catalyst containing aqueous solution
15 22 ... tank for olefin raw material
23 ... pump for feeding acid catalyst containing aqueous
solution
24 ... pump for feeding olefin
25 ... reactor
20 26 ... heater
27 ... back pressure control valve
28 ... reaction liguid tank



28 ... reaction liquid tank 31 Cainms: 1. A process for producing a

hydr oxyl group contai ni ng conpound whi ch process conprises allowng an acid
catal yst contai ning agueous sol ution ggving an acid catalyst 5
concentration of 1 ppb to 500 ppmto react with an aliphatic double bond
havi ng conpound in a nolar ratio (water/aliphatic double bond having
conpound) of water to aliphatic double bond having conmpound of froml to
50, at a reaction tenperature of from 200 to 600C under a reaction
pressure from1l to 100 10 MPa and thereby conducting hydration reaction
of the aﬁ?%%%T?c doubl e bond contai ning conpound with water. 2. The
process for produci ng a hydroxyl group-containing conpound according to

cl ai m 1 wher ei nt t He PEASE SEatialty SO GEae @ hivAg cxydeaus uolconiter iasy an
acid catal yst concentration of from1l ppb to 300 ppm 3. The process for
pr oduci ngc@npydrdxyhighoppocensaiouimyy i seenpolingy acy oadi agito celtailmst or 2
wherein the nolar ratio 20 (water/aliphatic doubl e bond havi ng conpound) of

wat er to ddretamhiphat bqudoubl e hone twyi npacoApouRd i SaE{@M 22k@125+¢ 4. The
process for producing a hydroxyl group-containing conpound according to

clai mgl wheredme thei @ik catdly sto 3D PRIt Y RFUEAYS ¢ 'étlii%ﬁlxah@@ an
acid catal yst concentration
doublie bond having compound in a molar ratio (water/aliphatic
double bond having compound) of water to aliphatic double bongd
having compound of from 1 to 50, at a reaction temperature of
from 200 to 600°C under a reaction pressure of from 1 to 100

10 MPa and thereby conducting hydration 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
15 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 doukle 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 catalyst



of from1l ppb to 70 ppmand the nolar ratio (water/aliphatic double bond
havi ng conpound) of water to the aliphatic double bond having conpound is
from2 to 25. 5 5. The process for proguci ng a hydroxyl group contai ning
conpound according to any one of cl ai 1 to 4 wherein the reaction
tenperature is from 250 to 450C and the reaction pressure is from4 to 90
MPa. 10 6. The process for produci ng a hydroxyl group containing conpound
according to any one of clainms 1 to 5 wherein the acid catalyst is any one

of hydroc@ég{ifn§gi%j h qugeTughgoride, chlgrous aci d, hypochl orous acid,
sul furic AT 0T SUTF AVFE U FE ISR RFF @TagFdY T T3 DIRE SOrG ey didgen
fluoride, hydrofluoric acid, hydrogen brom de, hydrobrom c acid, hydrogen
i odi de, MWYHriodtc RS d° I Beph dhiec mediad, radtiapHogpeeriad iadiad,ic
phosphi nic acid, phosphonic acid, diphosphoric acid, tripolyphosphoric
aci d, bordeulks dorsi hiaydngngshpeuaci)dpfsedt eam o | iootaingstatie, d2Able
phosphot ungsti ¢ acid, sodi um phosphotungstate, siliconolybdic acid, sodium
si | i conollydadt lea v g spdrapmbyddi € aebd, 2sedi am.. phosphonol ybdat e, benzoic
acid, acetic acid, salicylic acid, oxalic acid, trifluoronethane sulfonic
acid, 5 p-toluenesulfonic acid and phenol. 33 7. The process for producing a
hydr oxyl group-cont ai ni ng
5. The process for producing a hydroxyl group céntaining
compound according to any one of claims 1 to 4 wherein the
reaction temperature is from 250 to 450°C and the reaction
pressure is from 4 to 90 MPa.
10
6. The process for producing a hydroxyl group containing
compound according to any one of claims 1 to 5 wherein the acid
catalyst is any one of hydrochloric acid, hydrogen chloride,
chlorous acid, hypochlorous acid, sulfuricacid, sulfurous acid,
15 nitricacid,nitrousacid,hydrogenfluoride,hydrofluoricacid,
hydrogenbromide,hydrobromicacid,hydrogeniodide,hydriodic
acid, orthophosphoric acid, metaphosphoric acid, phosphinic
acid, phosphonic acid, diphosphoric acid, tripolyphosphoric
acid,boricacid,silicotungsticacid,sodiumsilicotungstate,
20 phosphotungstic acid, sodium phosphotungstate, silicomolybdic
acid, sodium silicomolybdate, phosphomolybdic acid, sodium
phosphomolybdate, benzoic acid, acetic acid, salicylic acid,

oxalic acid, trifluoromethane sulfenic acid,

p-toluenesulfonic acid and phenol.



conpound according to any one of clains 1 to 6 wherein the acid catalyst
is any one of hydrochloric acid, sulfuric acid, nitric 5 acid,

or t hophosphoric acid and netaphosphor%g acid. 8. The process for producing
a hydroxyl group-containing conmpound dccording to any one of claims 1 to 7
wherein the aliphatic double bond having conpound is a nonoolefin or 10
diolefin. 9. The process for producing a hydroxyl group-containing
conmpound according to any one of claims 1 to 7 wherein the aliphatic
doubl e bond havi ng conpound conprises at |east one 15 selected from

et hyl ene, propyl ene, 1-butene, 2-butene, isobutene, 1-pentene, 2-pentene,
i sopentene, 1-hexene, 2-hexene, 3-hexene, isohexene, heptene, octene,
nonene, decene,’- d8&cREAESS 8 OREREHE I NG, B Mhifiradignercup3cpantaddiieme,

1, 4- pent adi ene, 1, 3-hexadi ene, 1, 4-hexadi ene, 1, 5--hexadi ene, 20

2, 4- hexadi@megurid Gdvwaptdidiene, aly broc bdde eakgns 11, &onénadeé eaen the acid

1, 9-decadi ene, 1, 3-cycl ohexadi ene, 1, 4-cycl ohexadi ene, styrene, allyl

benzene, dateayst iilsbeng,ored 8fSiydhedelorid aRheNYEel hepec d&td aphenyl. et hene
and divi nyl benzene. .

5 acid, orthophosphoric acid and metaphosphoric acid.

8. The process for producing a hydroxyl group—-containing
compound according to any one of claims 1 to 7 wherein the
aliphatic double bond having compound is a monoolefin or

10 diclefin.

9. The process for producing a hydroxyl group-containing
compound according to any one of claims 1 to 7 wherein the
aliphatic double bond having compound comprises at least one

15 selected from ethylene, propylene, 1l-butene, Z2-butene,
isobutene, 1-pentene, 2-pentene, isopentene, 1-hexene,
2—hexene,3—hexene,isohexene,heptene,octene,nonene,decene,
dodecene, cyclohexeng, 1, 3-butadiene, 1, 3-pentadiene,
l,4-pentadiene, 1,3-hexadiene, 1, 4-hexadiene, 1, 5~hexadiene,

20 2,4-hexadiene, 1,6-heptadiene, 1, 7-octadiene, 1,8—nonadiéne,
1, 9-decadiene, 1,3~cyclohexadiene, 1, 4-cyclohexadiene,
styrene, allyl benzene, trans—-stilbene, cis-stilbene,

triphenylethene, tetraphenyl ethene and divinyl benzene.



