-z " resulting in a low selectivity for [err]-phenylethyl al cohol .

I n view of such conditions, the present I nventors earnestly
i'nvestigated a process for producing 5 [err]-phenylethyl alcohol mhFET '
free fromthe above probl ens, and consequently found t hat Vbﬁ’
[ err] - phenyl et hyl al cohol can be produced wth high selectivity by

I nhibiting the producLlon of ethyl benzenelas a by- product by the use

t containin an_al kal i al_. und and/ or
: ScEPBoR&PgUﬁﬁNgh°ﬁ§F§N§Lpﬁg§kv@§&®§6 y and
SUVMARY OF THE | NVENTI ON The
process for 15 producing [err]-phenyl et hyl

a et ophenone, which uses a copper-based
ENTIONe alkaline earth metal carbonate

O Erngg%yggggﬂq on_releks thP4 DE%g@eP'EI @y, OF THE |

and/or at |ea
G854°Pn T Ehé present rnvention 1s

| NVENTI ON 20 P2 !
a copper - base /& | t ane al kal i ne earth netal
car bonat e andg5§aé?Ll —astggkg&gFEgpi a1 ?bl conpound. The

al kali metal conpound 'ﬂBEHdﬁarEQEEQB§l9$ th%5p&bhhﬁkeind@ﬁﬁwaﬂ des,
hydr ogencar bonat es, etc. of metals. The alkali netals |nclude

lithium sodipgyates to a process for producing a-phenylethyl alcohol

of a copper - based:ir.
an al kal i ne qar{ _
hygi eni c /97 obl €ng,.
present invdt -\H
al cohol by
cat al yst

by hydrogenation of acetophenone, which uses a safer and

mére active catalyst not containing a large amount of

chromium oxide, hardly causes hydrogeﬁolysis of starting

acetophenoné, gives only a siight amount of ethylbenéene
10 as a by-product, and hence has a high selectivity for

the desired compound a-phenylethyl alcohol.

BACKGROUND OF THE INVENTION
- o-Phenylethyl alcohol is useful as a starting
material for styrene and is well known to be obtainable
15 by hydrogenation of acetophenone. For example, JP-B-59-
27216 discloses a prbcess'in which acetophenone is
hydrogenated using a copper-chromite catalyst containing
barium, magnesium and zinc.
Conventional processes using a copper-chromite
20 catalyst, however, involve the following problems: the
hydrogenation catalyst is poor in safety and hygienic
properties in handlihg because of its high chromium
oxide content and has a low activity, and the amount of

ethylbenzene produced as a by-product is large,



pot assi um rubidium cecium etc. Specifically, there Is preferably

used“carbonate, nitrate or hydrogen- carbonate of sodi um or potassium
nore preferably carbonate of sodium potassiumor sodiumnitrate. 5
In tke present invention, the above- - ex@nplified alkali netal
conpounds may be used singly or I n conbi nation of two or nore thereof.

The al kal i ne ear trlesmdtdnge dmbandiosr isedlectdyity forf a—-pheaydlethydar bonat es
of magnesium calcium 10 strontium barium etc. Preferable exanples
t hereof are adgobedat es of strontium calciumand barium A nore

preferable exanple thereof is strontium carbonate., In
present invention, the abovéR view ©fc sychi conditionsme thg: PReseDS)

e oo oy hay o iokentart sarpast 1 dnyesidgated ¥ pRogedd For Hroduedng’
i nly of in, j.d . | i

Tobal 1. oi moPBe! a2t ctiii abconor VIHAIE SRS ey ARRARN BBVl T MU

20 10 wt % or | es$,Ba3echeOn e d?ﬁilsgl n%:eér?]{tlléﬁ%%rnd that c-plﬂeﬁxgllietﬁ&tﬁ.n the

catal yst used in“the present contains the"a a

compound(s), thealcohddOad el priddiced AL hilgh FeARTtARALY &fh)l y from
0.01 to 10-w% nore preferably 0.01 to 5 w% (in terns o 25 the

al kal'i netal (s)) ibaied tihg e rdducticdm o fc @ithylbenzene @ef @ dy~t s
reduction. The incorporation of the alkal]
product by the use of a copper-based catalyst containing

t he

10 an alkali metal compound and/or an alkaline earth metal
carbonate which hardly involves safety and hygienic

problems.,

SUMMARY OF THE INVENTION
The pfesent invention provides a process for
15 producing o-phenylethyl alcohol by hydrogenation of
acetophenone, which uses a copper-based catalyst
containing at least one alkaline earth metal carbonate

and/or at least one alkali metal compound.

DETAILED DESCRIPTION OF THE INVENTION
20 The catalyst used in the present invention is
a copper-based catalyst containing at least one alkaline
earth metal carbonate and/or at least one alkali metal
compound. |
The alkali metal compound includes carbonates,
25 nitrates, hydroxides, hydrogencarbonates, etc. of alkali

metals. The alkali metals include lithium, sodium,



metal conpound(s) into the catalyst in the above range

- 4- permts enhancenent of the activity of the catal yst and

i nhi bition of hydrogenol ysis. When the catal yst used in the
present i nvention contains the al kal Bne earth netal carbon- 5
ate(s), the weight ratio of the alkaline earth netal " carbonate(s) to
metal lic comp&:mamam,prmfbarmw foewium, et®.l: Speeitfdcaldlyo, there
preferably from 0. 1: 99. 25:75. When the anount of the al kaline
earth netal is pa:aflarta:kth( siseds carbonadie,, nitgads grywd:&gem ow 10
activity and the inhibitory effect on hydrogenol ysis small in sone
cases. \Wen tlcarbonate iof sedium @I potasamrhmr@gmaﬁ%! ivity of the

catalyst is lowin some cases. The cat al yst according
to the presencarbonatee@f GOdidm,HPtass ium P?é'r 6'l‘r’f té.! pported on a

carrier or _w thout a carri

on a carri@r, the & SWF PEESE S lr’?é’teé’ltﬁo@'c B‘% %?%%![_yhztci;r;sg}roported
ranges usual | %x%?np%ttht %dqgljk%thn ta n&ovﬁww“w (et@.éﬁﬁs_ﬂ@ 15MRypor ted

on a carrier, carrler |nc es oXi silica,” al um na,

{itania and diygl RRAGH IO 0D GRS dP e dTctick 08 des. In particul ar,

silica and dlatonaceous earth are pref erabl e. 25 The
catal yst according to ted%¥line edrth hidtal Garbohateo dunrddideiss

exanpl e, by a coprecipi-
- for example, carbonates of magnesium, calcium,

10 strontium, barium, etc. Preferable examples thereof are
carbonates of strontium, calcium and barium. A more
preferable example thereof is strontium carbonéte.

In the present invention, the above-
exemplified alkaline earth metal carbonates may be used

15 singly or in combination of two or more thereof.

The copper-based catalyst used in the present
invention is composed mainly of copper and may contain,
besides copper, manganese, aluminum, cobalt, zinc,
ruthenium, iron and zirconium compounds in an amount of

20 10 wtg% or less based on the weight of copper.

When the catalyst used in the present
invention contains the alkali metal compound(s), the
content of the compound(s) ranges preferably from 0.01
to 10 wt%, more preferably 0.01 to 5 wt%, (in terms of

25 the alkali metal(s)) based on the weight of the catalyst

before its reduction. The incorporation of the alkali

metal compound(s) into the catalyst in the above range



tation nmethod, a precipitation nmethod, a m xi ng net hod,

-5- or the like, and is preferably produced by the coprecipitation
met hod. There is explai ned bel ow a process for pr oduci ng,
as. a typical exanple of the catalyst, a- & eopper-based catal yst supported
on silica which contains an al kaline earth nmetal carbonate and an

al kali netal permibspenhdncement of the adhéwitgeofatheyeatalyptodnded by
the co- precipitation nethod, an alkali solution such as an 10 al kal
met al carbona%EhégFGFPBnOfahﬁéﬁpgﬁn@ANBéﬁate solution or the like is
added to a m xed solutign of a per salt and a salt of the al kaline
earth netal to caus@hEBpFBE|EFF34Y§H ugpd inecthespreseBtprecipitate is

filtered, washed

dth | | I oned by
(ryi ng and catBRAELGR. concains” che' d1§aT1nn EaFFh nekal GREPABT cat al yst

the rocul 17 ng 5 Re0r o EHE-HHIaRE Kat I8 Br. %ﬁﬁygiﬁgiﬁ9§$%8555°&ﬁﬁﬁﬂby there.
can be prOdUCEQrBBEﬁEF?Q?rto f9c0332d 6abALY StaAHROOBEE e PlLEY! EFGR NI CN

contains the et al npound a t he a ne  ear
car bonat e. .1:99.9 to 50: SblSméeéeprﬁbéea81§0kvbm06 2tobhe ghkal i

net al conpound Is used as the alkali solution,“the 25 copper-based

catal yst supp®25tp8.onwhehi ERecamoliit of the alkaline earth metal

| carbonate(s) is too small, the catalyst has a low

10 activity and the inhibitory effect on hydrogenolysis
is small in some cases. When the amount is too large,
the hydrogenating activity of the catalyst is low in
some cases.

The catalyst according to the present

15  jinvention may be used either after being supported on a
carrier or without a carrier.

When the catalyst is supported on a carrier,
the weight ratio of metallic copper to the carrier
ranges usually 20:80 to 90:10.

20 When the catalyst is supported on a carrier,
the carrier includes metal oxides (e.g. silica, alumina,
titania and diatomaceous earth) and metal mixed oxides.
In particular, silica and diatomaceous earth are
preferable.

25 The catalyst according to the present
invention can be produced, for example, by a coprecipi-

tation method, a precipitation method, a mixing method,



produced al so by | eaving the alkali netal conpound by controlling, for
exanpl e, the washing after the - 6-
filtration, and drying the resulting residue, followed by cal ci nati on
and reductlon wi t h hydrogen. - Hhe aforesaid copper salt

i ncl'udes, for exanple, nitrate, sulfate, halide, organic acid salts, 5
etc. The salt obrtbtkealkkejnandaishpreferabhbyl pdeduced bytthee, chloride,
etc. of the alkaline earth netal. The al kali includes for exanple,

car bonat es, cbpdecipilbatind methodencar bonates of al kali netals,

aqueous ammoni a, and ammoni um car bonate. The al kali 10 netal conpound

i ncl udes, for exanple, cafheneatis, exPlahn?ﬁaP%%OWh?dPé&?%%% for

hydr ogen- car bonat es and organic i d sal E kal i s. _These
al kali metals Pr°¢H€FBGe g?tﬁl KPlgﬁg ﬁ?mﬁ Fa@ gh? ?ﬁB? ﬁ fesi um
et Th b d.al k | k al

isual 1y useds nEPRBBT oPRRGR SAcaLEebLEuBPOrLea Bhoki1 it bR EspBatne
organi ¢ sol vent ﬁu%fkgf aFueH?Eﬁ“REtaircérﬁbﬁgﬂéeahﬁeéﬁoélkgﬁf metal

precipitation re ranges-usua romroomtenperature to
about 100[err] Coomk ?suﬁaIC|nat|on is carried out in air 20 at 300 to
500[err]C for usually about 30 mnutes to about 10 hours. The reduction

by hydrogen is carried whe#ttBé éQQal?sEOQésafbéhééd bgUehé yegbout 30
mnutes to about 20 hours. en the catalyst is produced
by the precipitation method, an alkali solution such as an

10 alkali metal cérbonate solution, ammonium carbonate
solution or the like is added to a mixed solution of a
copper salt and a salt of the alkaline earth metal to
cause coprecipitation, and the resulting precipitate is
filtered,-washed, and then mixed with a silica carrier,

15 followed by drying and calcination.

Subsequently, the calcined catalyst is mixed
with an aqueous solution of.the alkali metal compound
and the resulting mixture is dried and reduced by
hydrogen, whereby there can be produced the copper-

20 based catalyst supported on silica which contains the
alkali metal compound and the alkaline earth metal
carbonate.

In this case, when a solution of the alkali
metal compound is used as the alkali solution, the

25 copper-based catalyst supported on silica can be

produced also by leaving the alkali metal compound by

controliing, for example, the washing after the



25 precipitation nmethod, the al kaline earth netal carbonate and a

silfica carrier are suspended in a copper salt solution, and then an

al kali solution is -7- added

thereto to precipitate copper and support 6he sane

carbonate and the silica carrier, followed by filtration,

washi ng, dryingihhdationeabnandryéng the resulting sgsiéqaenﬁpylownd

cal ci ned catalg i's mxed wi th an aqueous solution of the alkali
¥e

earth netal

conpound
hydr ogen,

supported on silica whi cBheoafareasaidoconppes| fa
al kaline earth net al _car bonat e this ca en a

wher eby there can be produced the cop Egr- 3 dbaseggcatalyst
HRcaPEe8BnpeBRd and the

adcivstionngndi xeduetiondwish hydregedeed by

on the al kali ne

nmet al

sol ution of th@XAMRALY nltrﬁ§Fa|SB&FﬁGGndhﬁélésed°5gaPHs QF& |Pa Bati on,
th dgat al t si | d al
by 1 eavi ng PheeEPral TiRe ALt ohpSRRqatkalips, st AT ;hR100RRFCY B 00

washi ng after
foll owed by c

aPltrébganbh&é§?g§UCEQed Qkykﬂﬁ éﬁﬁai%ﬁﬁ'&h?ggrﬁﬁhﬁﬂe

clnatli ion wth e co

salt, the sameppgl h$kand @ﬁ@&hﬁés,ZQOQOE&aﬂgda,aaaebenategn be exenpllfled

As the al kal

and the al kali netal conpound, the sane al kalis and

al kali metal chynesRigeasanBongdzogeheaekonBliebi 68 alkalihmepagsi, pi tation
t he cal ci nation

condi ti ons,

10

15

20

25

aqueous ammonia, and ammonium carbonate. The alkali
metal compound includes, for example, carbonates,
nitrates, hydroxides, hydrogen-carbonates and organic
acid salts of alkali metals. These alkali metals
include lithium, sodium, potassium, rubidium, cesium,
etc. The above-exeﬁplified alkalis and alkali metal
compounds are usually used in the form of an aqueoﬁs
solution, a solution in an organic solvent such as
metanol, or a mixture thereof. The precipitation
temperature ranges usually from room temperature to
about 100°C. The calcination is carried out in air
at 300 to 500°C for usually about 30 minutes to:
about 10 hours. The reduction by hydrogen is carried
out at 100 to 500°C for usually about 30 minutes to
about 20 hours.

When the catalyst is produced by the
precipitation method, the alkaline earth metal
‘carbonate and a silica carrier are suspended in a

copper salt solution, and then an alkali solution is



conditions and the conditions of the reduction with 25 hydrogen are
ustial |y the sane as in the coprecipitation nmet hod. _ _

- 8- When the catal yst is produced by the m xing met hod,
an_al kali solution is added to a copper =sdal t= solution to forma
précipitate, and then the al kaline earth nmetal carbonate and a silica
carrier are maddedStheététohtoppeecipitate coppencandysupportitthe samehi ng,
dryi ng and cal ci nati on. Subsequently, the cal ciped catal yst

i s mxed von hthe alkebimesearthonebaltaarbenate apd abhe odpbieR and
the resulting mxture is dried_and reduced, b 10 hydrogen,  whereby there
can be producefRERtetopbetlougdqby filgratiq 's“§55¥?%d gﬁyk?Qiiﬁ whi ch
contains the al kal | . metal conmpound and the al kaline earth netal

car bonat e. calcination; this case, when a solution of the alkal

cat Zi yot Subport Zd“iﬁds?ﬁ%%&la@ﬁ%ﬁﬁﬂv- “the sberbed caeatPRECts ﬁf@f'?%% al kal
il tration,  ants Pl SAREORe kP ne1 0 SEGERe ik EL IESCATORBRGRRA 7,

and reduction yhgheRYdE@ERTLiAg hi2tufl £8PAPied3hha FE&usEAELFal ts and
conpl ex conpounds as above“can be exenplified. As the alkali and

the al kali netpyderegen)dhet&bysenerel kahi beapfloduced! khei coppet-conpounds
as above can be exenplified. :
_based catalyst supported on silica which contains
10 the alkali metal compound and the alkaline earth
metal carbonate.

In this case, when a solution of the alkali
metal compound is used as the alkali solution, the
copper-based catalyét supported on silica can be

15 produced also by leaving the alkali metal compound
by controlling, for example,. the washing after
the filtration, and drying the resulting residue,
followed by calcination and reduction with hydrogen.
As the copper salt, the same salts and complex

20 compounds as abo&e can be exemplified. As the alkali
and the alkali metal compound, the same alkalis and
alkali metal compounds as above can be exemplified.
The precipitation conditions, the calcination
conditions and Ehe conditions of the reduction with

25 hydrogen are usually the same as in the coprecipitation

method.



The precipitation conditions, the calcination 25 conditions and the
conditions of the reduction with hydrogen are usually the sane as in
the coprecipitation met hod. - 9-
The catalyst used in the present invent+ad +may contaln a |l ubricant
such as graphite to be used at the time of nolding of the catalyst.
The catal yst nmay al so cWhéni tha batakyst The préducedeby i tizé udixing gani c -
bi nders and i norgani c binders such as silica sol. The
present invermebho@drsogndatkalprsodutionris ad@ﬂddb@lﬂgc?EPe¥ spadbhyl et hyl
al cohol by hydrogenation of acet ophenone by _the use of the_ specific
copper - based SQbuEh?al9§tf§é@cF|BéG°a96§éter and then the 4¥Eakyﬂ?ogenat|on
reaction can be carried_out ei t her a.batch net{hod or ¥Ha fl ow

met hod. When ®&Eth meFFBmFﬁEPHBGthaﬁﬁoﬁt%HllﬁafFiﬁﬂlﬁédaF?qﬂ e@hase fIow
oo 15 SouLL HPbEdeTate Sk Fo iUy b9 ERELERELoA? Sheifgu | O
mrereraily | achiRg fobCedfBaElip,ore, pereraly from S0 to Z0d(erric
?;pPngﬁrfﬁe cggalyst u%g%s%%@&nﬁ oun%h?gfgbﬂgghé%égfpéedlstﬁ@k&elght
preferably appiexi gBt 8h¥ebi8s810Pioh 68 €né: d1kali metal compound
and the resulting mixture is dried and reduced by
10 hydrogen, whereby there can be produced the copper-based
catalyst supported on silica which contains the alkali
metal compound and the alkaline earth metal carbonate.
In this case, when a solution of the alkali
metal compound is used as the alkali solution, the
15 copper-based catalyst supported on silica can be
produced also by leaving the alkali metal compound
by controlling, for example, the washing after the
filtration, and dfying the resulting residue, followed
by calcination and reduction with hydrogen. As the
20 copper salt, the same salts and complex compounds
as above can be exemplified. As the alkali and
the alkali metal compound, the same alkalis and
alkali metal compounds as above can be exemplified.
The precipitation conditions, the calcination
25 conditions and the conditions of the reduction with
hydrogen are usually the same as in the coprecipitation

method.



and the reaction tinme ranges preferably approxi mtely from 30 m nutes
t6 10 hours. Wien the flow nmethod is 25 adopted, the feed rate (LHSV) of a
solution of a conpound to be reduced ranges preferably approxi mately
fromO0.05 to 10 h-[err], nore preferably approximtely from

-10- 0.1 to 5 h-1. When the batch nethod is adopted, the
anount of hydrogen Mhedc&balybe bgddopandheopresenti dnveation magul at ed
by the reaction pressure and a hydrogen 5 pressure of 100 atnospheres or

| ess is prefefantainpedubricans shoiw st praphitedbpt be, usedi stptheer abl e
to supply hy drogen I n_an anount of aEprOX|nater 1to 30 timnes

| arger than thémenebr Beldinansfatheqartal¥st-of hydrogen to the
conpound to be reduced.

10 According to,the present |nvent|on
t he hydr ogenol ysi s SPesFﬁF??ﬁﬁta@§¥oﬁﬁ§ﬂoﬁgnF§1Fnﬂ|g Péﬁr' Thend hence

h d : a bys d sQ that it

becones. poss: BHaaes EHGARRES §rBfnte ﬁlEﬁéﬁéférﬂyﬁng?s%ﬁaf‘fcﬁgaéarsas a
t t ctivit e

Zﬁggéh?glgséﬁ%?gﬁ %grﬁ%%gcéoﬁéggerQ ngpfglﬁed mnt% reference to the

fol lowing exampl es,  ribi ShesbRt! 9noeht b6nChPSLIdES @SpkbBbbbngolhe scope
20 EXAMPLES

of t he invention. .
producing a-phenylethyl alcohol by hydrogenation of

acetophenone by the use of the specific copper-based

10 catalyst described above.

The hydrogenation reaction can be carried out
either by a batch method or by a flow method. When the
flow method is adopted, a fixed-bed liquid phase flow
method is usually adopted and either an up-flow method

15 or a down-flow method may be adopted.

The reaction temperature ranges preferably
from 0 to 200°C, more preferably from 50 to 200°C. The
reaction pressure ranges preferably approximately from 5
to 100 atmospheres.

20 Whén the batch method is adopted, the weight
ratio of the catalyst used to a compound to be reduced
ranges preferably approximatély from 0.001:1 to 0.5:1,
and the reaction time ranges preferably approximately
from 30 minutes to 10_hours. When the flow method is

25 adopted, the feed rate (LHSV) of a solution of a

| compound to be réduced fanges preferably apprqximately

from 0.05 to 10 h-1, more preferably approximately from



" Catal yst Preparation Exanple 1 48.32 g of copper nitrate
tri hydrate and 0.91 g of strontiumnitrate were dissolved in 400 m
of water, and the resulting solution was 25 heated to 50[err]C. Then, a
solution of 36.81 g of - sodiwm@ea¥ bonate-in 200 mM of water was
added dropwi se with stirring over a period of 1 hour, after which

the stirring 0a1 ¢onts m+@J at the sane tenperature for 2 hours. The
precipitate thus forned was collected 5 by filtration and then washed 8
times with 1,000 ni Wlenwdahe Jbatah metm[derils] edopiriedaqirbet amount
suspensi on of 16.80 g of Aerosil Silica in 1,000 m of warm wat er
of 50[err]C wef awfaogen uredvfisredhe dwidragenation reaetigd ddsul ting

m xture was stirred for 20 mnutes 10 and then fllterig The residue was

dried at 60[ eregulated by he &9actdan RARSEUTE3 AL A% powder .

ool ed to mooRreamEal d40 SefBrerrn S ges vy pitet iy then
Subsequent |y, thréb%g_so% 'n%tvf?osd r}egat etgoé; ca’t lryggﬁsa%lreeadg %tupk&(y err]C

for 5 hours to copper - a result

anal ysis, they ?ﬂ%r} dn I iﬁﬁn@%@'défr&ﬁﬁdﬁeﬂf IStdP¥0 Wiy bonate in

t he cataly 0 be 99.1:0 and the al kali netal cont ent

of the catal y3lareas i tre Rhdbrit D st efuivalldit &f diypdrogenei ght
before the reduction with hydr ogen.
to the compound to be reduced.

10 According to the present invention, the
hydrogenolysis of starting acetophenone is inhibited,
and hence the production of ethylbenzene as a by-product
is reduced, so that it becomes possible to produce a-
phenylethyl alcohoi useful as a starting material for

15 styrene with high selectivity.

The present invention is more concretely
explained with reference to the following examples,

which should not be construed as limiting the scope of

the invention.

20 EXAMPLES
Catalyst Preparation Example 1
48.32 g of copper nitrate trihydrate and
0.91 g of strontium nitrate were dissolved in
400 ml of water, and the resulting solution was

25 heated to 50°C. Then, a solution of 36.81 g of



Cat al yst Preparati on Exanple 2 Copper - based catal yst B was

prepared accordi ng to the Catalyst Preparation Exanple 1 except for
adding 25 a solution of 0.0250 g of sodium carbonate in 40 m of wat er
tQq 5.0 g of the black powder obtained by liithe '

- 12 - heating in air, and then evaporating the water with a

rotary evaporgbdiuinocavbpaatesadi a00calbofiatvater whe addedsdropwhpe

i npregnation. As a result of analysis, the wei ght ratio of netallic
copper to strwibthustiarbngabewer & pemivdeofalahpar,waftéouwdich be
99.1:0.9, and the al kali nmetal content of the catal yst was found to be
0.24 Wt % thesatiioningeweat gpptinuedeaghthpetame tesperdbureon with

hydr ogen. Cat al yst Preparati on Exanple 3 10 er - based
catal yst C magopréphpﬂésacc8h§|E5301P1t9§etﬁbu§aﬁarygﬂ P@épﬁpéiﬁﬁgeéxanple

1 except fgr t he anount nltra e r|h dr at e,

strontium anF?FEFétéﬁB gBGlGHFBaV5§§58f8u§g eFowﬁﬁ 4$:8001m35 4 and
20 Lo PR e ! B, Al e
St 5% REEGRIE, or aeBut. SUTLER! 11 UBg" L 2bbshasfs [ ound o be
hydrogen. water of 50°C was added to the washed precipitate,
and the resulting mixture was stirred for 20 minutes
10 and then filtered. The residue was dried at 60°C and
pulverized to obtain 36.69g of a brown powder. This
powder was heated in air at 350°C for 5 hours and then
cooled to room temperature to obtain 34.56 g of a black
powder. Subsequently, this solid was heated in a
15 hydrogen stream at 180°C fof 5 hours to obtain copper-
based catalyst A. Aé a result of analysis, the weight
ratio of metallic copper to strontium carbonate in the
catalyst was found to be 99.1:0.9, and the alkali metal
- content of the catalyst was found to be 0.03 wtg based
20 on the catalyst's weight before the reduction with

hydrogen.

Catalyst Preparation Example 2
dopper-based catalyst B was prépared according
to the Catalyst Preparation Example 1 except for adding
25 a solution of 0.0250 g of sodium carbonate in 40 ml of

water to 5.0 g of the black powder obtained by the



20 Catal yst Preparation Exanple 4 Copper - based catal yst D was
prepared according to the Catal yst Preparation Exanple 3 except for _
addi ng a solution of 0.0253 g of sodiumcarbonate in 40 m of wat er
tqQq 5.0 g of the black powder obtained by 12e~ 25 heating in air, and then
evaporating the water with a rotary evaporator to support sodium
carbonate on theating in air, and then evaporating the wi#ter witls@id by

i npregnation. As a result of analysis, the wei ght ratio of netallic
copper to strdfbany evaporator tomuppmrfcamdw carbanatel amn the 94. 0: 6. 0,
and the al kal i metal content of the catalyst was found to be 0.24 w%
5 based on th@@dtdal%tll!i’wfg?ﬁlw orRs thr etk 19 Anak¥eis, Yheyr ogen.

I -b d talyst E
%o LMY RS et v B R S
h - 10 f trate t S
chang., 194 134 &%ez‘a%:a;%& T S W 0
respectively. o dnlof"EY Uefeatyit vas Wit ¢ tBé) Pl i c

copper to strontlun1car onat e und to

86.8:13. 2, anthddud olﬁtﬂ{éﬁi-atﬂ%}sﬁﬂ & QR it Cﬁef&lf‘e C&Ié"ﬂ@d aor Qpidh to be

0.02 mﬁ@bbased on the catal yst's wei ght before the uction wt
hydr ogen. hydrogen.

Catalyst Preparation Example 3

10 Copper-based catalyst C was prepared according
to the Catalyst Preparation Example 1 except for chang-
ing the amounts of copper nitrate trihydrate, strontium
nitrate and sodium carbonate used to 43.49 g, 1.82 g and
34.00 g, respectively. As a result of analysis, the

15 weight ratio of metallic copper to strontium carbonate
in the catalyst was found to be 94.4:5.6, and the alkali
metal content of the catalyst was found to be 0.02 wtsg
based on the catalyst's weight before the reduction with

hydrogen.

20 Catalyst Preparation Example 4
Copper-based catalyst D was prepared according
to the Catalyst Preparation Example 3 except for adding
a solution of 0.0253 g of sodium carbonate in 40 ml of
water to 5.0 g of the black powder obtained by the
25 heating in air, and then evaporating the water with a

rotary evaporator to support sodium carbonate on the



Cat al yst Preparati on Exanple 6 Copper - based catal yst F was
pfFepared according 20 to the Catal yst Preparation Exanple 5 except for

addi ng a solution of 0.0245 g of sodium carbonate in 40 m of wat er
to 5.0 g of the black powder obtained by 13e- - heating in air, and then
evaporating the water with a rotary evaporator to support sodium

carbonate on tsedid@ by dnptkdgnatipregnds an.result aSwnalysisnalthe s, the

wei ght ratio of nmetallic copper to strontium carbonate

- 14 - i wedlghtc atadi ijos tofivase ak ks tQOPREIBE:B: mwtm qarbonate 3| kal |
metal content of the catal yst was found to be 23 mﬁ@bq?sed on the

catal yst's weilghtthseieatalyat was founpgite %34?%%9&1‘6
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heated to [ a oI tlon of 36..0 r tein
200 m of \%ﬂ %aﬁ d’ejvﬁq?tf'ndb?% ntgheovee?duggp;geo(r}?o 1
hour after Iya}&égh stlrrlng was continued at the sane tenperature
for hou e precipitate thus formed was col |l ected by

fiItratlon and then washed 8 tines with 1,000 nl of warm

wat er of

50[err] C. Subsequently, a suspension of 16.00 g of 15 Aerosil Silica in

1,000 m of vadeamjsi PYepdi£tidd H¥emple 5

Cdpper-based catalyst E was prepared according

to the Catalyst Preparation Example 1 except for chang-

10 ing the amounts of copper nitrate trihydrate, strontium

nitrate and sodium carbonate used to 38.66 g, 3.64 g and

31.90 g, respectively. As a result of analysis, the

wéight ratio of metallic copper to strontium carbonate

in the catalyst was found to be 86.8:13.2, and the

15 alkali metal content of the batalyst was found to be

0.02 wts based on the catalyst's weight before the

reduction with hydrogen.

Catalyst Preparation Example 6

Copper-based catalyst F was prepared according

20 to the Catalyst Preparation Example 5 except for adding

a solution of 0.0245 g of sodium carbonate in 40 ml of

-water to 5.0 g of the black powder obtained by the

- heating in air, and then evaporating the water with a

rotary evaporator to support sodium carbonate on the

25 golid by impregnation. As a result of analysis, the

weight ratio of metallic copper to strontium carbonate



added to the washed precipitate, and the resulting m xture was stirred
for 20 minutes and then filtered. The residue was dried at 60[err]C
and pul verized to obtain 35.97 g of a brown powder. This powder was
heated in 20 air at 350[err]C for 5 hourslénd then cooled to room
tenperature to obtain 33.83 g of a black powder. Subsequently, this
powder was hednedhien catialgaigeras founst rtearhent86LBB1S.12,Candr thehours to

obt ai n copper - based catalyst G As a result of analysis, the alkal
metal 25 congdalds metalc sombent ofs theueatadysd was2 fioundbdcebe on the
catal yst's wei ght before the reduction with ~ hydrogen.

- 15 - Callal23s Wi bagesd iagh theagatalyst's weight befoygpdhepased

catal yst H was r%Pared gccordi ng to the Catal yst Preparation Exanple 7
except for addEqgction, widh,hydiageny 0130 g of sodi um carbonate in 40 n

of 5 water to 5.0 g of the black powder obtained by the heating in
air, and then evaporating the water with a rotary evaporator to support

sodi um car gon&ra%aq_gls&gﬁre&atr%%%t enn{ﬂgg ggnat ion. As a result of

anal ysis, the the catal yst was found to be 10

0.14 wt % based on the cgigalysly SeRicpplerP@i®rateN@rinydratdushison Wi th
hydr ogen. Cat al yst Preparation Exanple 9 Copper - based

cat al yst ]Ic wadipesen¥ed iaC a@ulinl] of watler @M ENedintsulRitRRs¥utidaxanpl e
o except for was heated to 50°C. Then, a solution of 36.04 g of

sodium carbonate in 200 ml of water was added dropwise

10 with stirring over a period of 1 hour, after which the
stirring was continued at the same temperature for 2
hours. The precipitate thus formed was collected by
filtration and then washed 8 times with 1,000 ml of warm
water of 50°C. Subsequently, a suspension of 16.00 g of

15 BAerosil Silica in 1,000 ml of warm water of 50°C was
added to the washed precipitate, and the resulting
mixture was stirred for 20 minutes and then filtered.
The residue was dried at 60°C and pulverized to obtain
35.97 g of a brown powder. This powder was heated in

20 air at 350°C for 5 hours and then cooled to room
temperature to obtain 33.83 g 6f a black powder.
Subsequently, this powder was heated in a hydrogen
stream at 180°C for 5 hours to obtain copper-based
catalyst G. As a result of analysis, the alkali metal

25 content of the-catalyst was found to be 0.02 wtg based
‘on the catalyst's weight before the reduction with

hydrogen.



15 changing the amunt of sodium carbonate to be supported by

| Apregnation to 0.0265 g. As a result of analysis, - the al kali netal
content of the catal yst was found to be 0.24 wt % based on the

catal yst's wei ght before the reductiXB -wi t h hydrogen. 20 Cat al yst
Prreparati on Exanple 10 Copper - based catal yst J was prepared

accordi ng Cataliykt Cateparsitifore(Exaatplen 8Exanpl e 8 except for
changi ng the anopunt of sodi um carbonate to be supported

b .
i npregnation to 0.0510 Gopkerrhased icafalysdl s was PEGRaH@dalalélqrq‘?'é’tgal
content of the catalyst was found to be 0.45 wt % based. on QQF
catal yst's weitghttheefGatalivat Preparation Example 7 except Ior adding.

éﬁSBEﬁ Pased caEAVELGE of Gl o dEandiy Hledhard I A i of
ctborste Fo S0m M) N A LU STAEL s o
gygfo\g’]\ﬁe? basige%z’tnr%&légt%%st I% \Aelég‘rﬂte‘gge? or'e l?ﬂée Ve educti on wi t h
catal yst L was °pre{§ér eoalgé:%)?édfn%&%m %ddiun carbonate on dper-based
powder by impregnation. As a result of analysis, the
alkali metal content of the catalyst was found to be

10 0.14 wts based on the catalyst's weight before the

reduction with hydrogen.

Catalyst Preparation Example 9
cOppér-based catalyst I was prepared according
to the Catalyst Preparation Example 8 except for
15 changing the amount of sodium carbonate to be supported
by.impregnation to 0.0265 g. As a result of analysis,
the alkali metal content of the catalyst was found to be
0.24 wts based on the catalyst's weight before the

reduction with hydrogen.

20 catalyst Preparation Example 10
Copper-based catalyst J was prepared according
to the Catalyst Preparation Example 8 except for
_ changing the amount of sodium carbonate to be supported
by impregnation to 0.0510 g. As a result of analysis,
25 the alkali metal content of the catalyst was found to be
0.45 wt% based on the catalyst's weight before the



to the Catal yst Preparation Exanple 8 except for sup- porting 0.0128 g
of potassium carbonate by inpregnation I n place of sodi um carbonate.
As a result of analysis, 15 the total contents of the alkali nmetals in the
cat al yst was found to be 0.15 wt % basggl on the .catal yst's wei ght

before the reduction w th hydrogen. Cat al yst Preparation Exanple 13
48.32 g of copp@uotilomtweth iHypd¥sdenand 0.89 20 g of bariumnitrate were
di ssolved in 400 mM of water, and the resulting solution was heated to
50[err]C. Then, a solution of 36.65 g of sodium carbonate in 200 m of
wat er was added dropwi se with stirring over a period of 1 hour, after-
whi ch the sti Gatad ek RxeparakipmiExanpletlkane tenperature for 2 hours.
The precipitate thus - 17 - . formed
was col | ected by filtratGoRPeRPasRS, cataiaptg K was mrepargd gecording of

war m wat er of 50[err] C.. Subsequent - . a suspension of 16.80 of
Aerosi| Silicd9 H&f dfﬁfa%.yst %jr%ﬁa%tﬁﬁ‘bva@/’@m@fe %[eé‘rcﬁ% vé%' éﬂ’tfé‘l?g't o the
washed 5 precipjtate, r ' ] e stjrred . f 20
m nut es an§ tﬁe fthie[ earngcgﬂ'érhrbgf rﬁ&d’%%@%ﬁg&i t‘é&‘sne él{lgf?%taen% lﬁ’ul.veri zed
to obtain 35. : - q. Jhd [ gV sed i I r at
350[err] C for qgnlﬁcﬁnsaa%ﬁggp% W’ml cgo'pl of Fo%%gn%%?‘a{lﬁ&ﬂo e'iojb{iai n
32.10 g of a aikAlAGietnteéhts VRN ARSIyt RADLIESIP 4D bef
sodi um carbonate and 40 m of water was added to 5.0 g

0.96 wtg based on the catalyst's weight before the

reduction with hydrogen.

10 catalyst Preparation Example 12
Copper-based catalyst L was prepared according
to the Catalysf Preparation Example 8 except for sup-
porting 0.0128 g of potassium carbonate by impregnation
in place of sodium carbonate. As a result of analysis,
15 the total contents of the alkali mefals in the catalyst
was found to be 0.15 wtg based on the catalyst's weight

before the reduction with hydrogen.

Catalyst Preparation Example 13
48.32 g of copper nitrate trihydrate and 0.89
20 g of barium nitrate were dissolved in 400 ml of water,
and the resulting solution was heated to 50°C. Then, a
solution of 36.65 g of sodium carbonate in 200 ml of
water was added dropwise with stirring over a period of
1 hour, after which the stirring was continued at the

25 same temperature for 2 hours. The precipitate thus



of the bl ack powder, after which the water was evaporated with a
rétary evaporator to support sodi um carbonate on the solid by

i mpregnati on. Subsequently, 15 the thus treated solid was heated in a
hydr ogen stream at 180[err]C for 5 hblirs to obtain copper-based
catalyst M As a result of analysis, the weight ratio of netallic
copper to bar iformesdr Masataolilected bwifilltnation fandhdhen washege 89, 7: 0. 3,
and the alkali metal content of the 20 catalyst was found to be 0.20 wt%

based on the timescatidih dir0P0dlgiaf e water iRt Gn Hudsegratigen.
Cat al yst Preparati on Exanple 14 Copper.-.hased ,catal yst N was
prepared accoddim@ suspansian afilf+80 o Aerq é@g'rﬁﬂae %Se'ﬁézlpt

for

using 25 1. Sﬁgﬁ@(g]é%e}:?gl urmp ni tor%\]'gseosot(ﬁ}[v{#aﬁhggfetde t:i‘:)n t%lea%:easqed bari um

nitrate and c t
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resul t of 3naF§S|s ig copper to calcium
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metal content of the catal yst was found to be 0.20 wt % based on the

catal yst's veigghlc Ri@ ghullvir IRE Gd Gbtdil IV.EPIEDHE a browrCHoWde.,
Preparati on Exanple 15 12.8 g of diatonaceous earth was
suspended in This 2¥%ddr Was\diedted dnd @iad dty IBIROESE ¢foure sriditi on
then cooled to room temperature to obtain 32.10 g of a
10 black powder. A solution consisting of 0.0249 g of
sodium carbonate and 40 ml of water was added to 5.0 g
of the black powder, after which the water was
evaporated with a rotary evaporator to support sodium
carbonate on the solid by impregnation. Subsequently,
.15 the thus treated solid was heated in a hydrogen stream
at 180°C for 5 hours to obtain copﬁer-based catalyst M.
As a result of analysis, the weight ratio of metallic
copper to barium carbonate in the catalyst was found to
be 99.7:0.3, and the alkali metal content of the
20 catalyst was found to be 0.20 wty based on the

catalyst's weight before the reduction with hydrogen.

Catalyst Preparation Example 14
Copper-based catalyst N was prepared according
to the Catalyst Preparation Example 13 except for using
25 1.58 g of calcium nitrate tetrahydrate in place of

barium nitrate and changing the amount of sodium



10 of 48.3 g of copper nitrate trihydrate in 200 m of water, and the

. resulting mxture was heated to 50[err]C Then, a solution of 22.8 ¢
of sodi um carbonate in 200 m - of water was added dropwi se with
stirring over a period of 2 hours,-at8er which the stirring was

continued at 15 the sanme tenperature for 1 hour. The preddﬂteue t hus
formed was coldaaticarhtey #o e ahipportred s Hapregnatdon to WWG3PFZ® M of
war m wat er of 45[err]C. A solution of 1.27 of sodifum carﬁginate in

g, .. of .
200 nl of wat és eaxesiddd of analysis, \khesteighkiratiq of BrFaH T esul ting

;no;(;lrj;eg\\l/\g;or i()cm’;s}%&eqd @rﬁéé‘ffggéégég‘% Y\e@; S{hﬁﬁﬁ%&%%esd gg&'?ﬂjﬁ%r I zed
2t 350[err] C e 9 Al P arid e aLkALhrEkal SotERt A ure To obtan
hydrogen sBr oL NS 1XOTD SO DR L0 Jih HEREEn B PRSI T
fml{rg 'Eo obt alc:gﬁ%%)@ggr)%gvg% |o§§%ﬂ%i%h%6reducuon with hgz%%osgznbf copper
nitrate trihydrate and 5.1 g of magnesium nitrate hexahydrate were

di ssol ved in 350 m of water, followed by suspending therein 15.9 g of

5 Aerosil SiligppaBysh tDrepL£tationIELAmPRAsI®N was heat ed to 50[err]C
Then, a solution of 21.5 g of sodium carbonate in 200 M of water was

added dropwise with stiri2/g gvef diatomagecusceartl? wasirsuspendedwiich the
Stirring was 200 ml of water, followed by adding thereto a solution
10 of 48.3 g of copper nitrate trihydrate in 200 ml of
water, and the resulting mixture was heated to 50°C.
Then, a solution of 22.8'g of sodium ca:bonate in 200 ml
of water was added dropwise with stirring over a period
of 2 hours, after which the stirring was continued at
15 the same temperature for 1 hour. The precipitate thus
formed was collected by filtration and washed 3 times
with 500 ml of warm water of 45°C. A solution of 1.27 g
of sodium carbonate in 200 ml of water was added to the
washed precipitate, and the resulting mixture was
20 stirred. Thereafter, the water was evaporated with a
rotary evaporator and the residue was dried at 60°C and
pulverized to obtain a dark-gray powder. 1In air, 35.1 g
of this powder was heated at 350°C for 5 hours and then
cooled to room temperature to obtain 29.9 g of a black
25 powder. Subsequently, this powder was heated.in a

hydroéen stream at 190°C for 1.5 hours and then at 195°C

for 1 hour to obtain copper-based catalyst O.



continued at the sane tenperature for 1 hour. The 10 precipitate thus
formed was collected by filtration and then washed 3 tines with 500 ni
of warm water of 50[err]C. The washed precipitate was dried at

60[ err] C and pul veri zed to obtain a fpghkt-blue powder. In air, 47.0 g
of "this solid was heated at 350[err]C for 1 hour and then cooled to
15 room t enperdtdPys® Pbéparatfof Exampieblack powder. Subsequent | y,
this powder was heated in a hydrogen stream at 200[err]C for 3 hours
to obtain copper-based 43.5cqtaf ysopper Thittaeererikpdrake ¢gmdrail ogof
metallic copper to magnesium carbonate in the catalyst was 20
87.2:12.8. of mapnesiem mtpatgthgnamdn@te were dissolved in 3809 g of
copper nitrate trihydrate and_1. 06 of strontiumnpitrate were

di ssol ved in b of E@tﬁétef°11°weaahﬁ §“§P§n€$n$eFB§F?lSll5c% et
of .- so

iﬁfﬁﬁﬁiﬁ;f :re'” fps ot %&%é&m@ﬁgdﬁ 8 fb8inF tud e o8, Faf hERER!
p:rlo gtlgrlﬁéémgéiébnt¥ﬂ%§6 éts?%gtégﬁeoieﬁ%é?a? Fofiym carbon%%urs
wnshed 4 (1 most 140 A8 SF “wHeSr Mok cabada %f°%¥’1§éc“ﬁﬁté99’ﬁ9ﬂgtm‘

precipitate wag ﬂéffdaaéffiﬁ[ﬁéﬁ}&, aEtéPdei'bHefhéedtiPrPﬁ)éadvé'sa l'i ght-bl ue
powder. This wder was heated in air at 350[err]C for hours and

t hen contlnued at the same temperature for 1 hour. The

20

10 precipitate thus formed was collected by filtration and
then washed 3 times with 500 ml of warm water of 50°C.
The washed precipitate was dried at 60°C and pulverized
to obtain a light~-blue powder. In air, 47.0 g of this
solid was heéted at 350°C for 1 hour and then cooled to

15 room temperature to obtain 40.0 g of a black powder.
Subsequently, this powder was heated in a hydrogen
stream at 200°C for 3 hours to obtain copper-based
catalyst P. The theoretical weight ratio of metallic
copper to magnesium carbonate in the catalyst was

20 87.2:12.8.

Catalyst Preparation Example 17
10.9 g of copper nitrate trihydrate and 1.06 g
of strontium nitrate were dissolved in 200 ml 6f water,
and 4.1 g of RAerosil Silica was suspended therein
25 ‘at 25°C. Then, a solution of 5.6 g of sodium
carbonate in 60 ml of water was added dropwise with

stirring over a period of 1 hour, after which the



cooled to roomtenperature to obtain a.black powder. Subsequently,-
this powder was heated in a hydrogen streamat 200[err]C for 3 hours
to obtain copper-based 10 catalyst Q The theoretical weight ratio of
metallic copper to strontium carbona2@ +n the catal yst was

79.5:20. 5. Cat al yst Preparation Exanple 18 48. 32 g of
copper nitrat etiridiygy atas veont ifuedl sl thel samel GeEnperafturs dior dnd t he
resulting solution was heated to 50[err]C. Then, 46.3 ml of a 25 wt%
aqueous alewrise sdhe iprecind tate chirn fommedvivas salleated by a
period of 45 mi nutes, after_which the stirring was continued at the
sanme t enper at Fdtratipomand then washed)hkings Aadtdsi400sml @f warmdded
and the resultin m xture was continuously stirred for 20 m nutes.

Thereafter, t/¥@ u&ﬁlszs(frﬁmni'n&‘%dﬁﬁd}}% %Wt‘&f ;rie\ﬂ t;%i _é°r°((§3ar532/

' . ' . t taln .
of a_br ownSpo il UK e BREHER, & JAaHi i Boxifetoo) HUE Tor 5
hour s and 9L hddt dd WA AP YRR ER L LAY Thd? tHerd

bl ack powder. “Subsequently, this p I was heate

- 21 - hYSNeA t8 TR HenpEHaAUdd b obt 15 H1A R WaeTOPPeT -
based catal yst R containing neither an al kali netal nor an al kal i ne
earth netal . Subsequently, this powder was heated in a hydrogen
stream at 200°C for 3 hours to obtain copper-baéed
10 catalyst Q. The theoretical weight ratio of metallic
copper to strontium carbonate in the catalyst was

79.5:20.5.

Catalyst Preparation Example 18
48.32 g of copper nitrate trihydrate was

15 dissolved in 400 ml of water, and the resulting solution
was heated to 50°C. Then, 46.3 ml of a 25 wt% aqueous
ammonia solution was added dropwise with stirring over a
period of 45 minutes, after which the stirring was
continued at fhe same temperature for 4 hours. 16.0

20 grams of RAerosil Silica was added and the resulting
mixture was continuously stirred for 20 minutes.
Thereafter, the aqueous ammonia solution was evaporated
with a rotary evaporator. The residue was dried and
then pulverized to obtain 65.52 g of a brown powder.

25 This powder was heated in air at 350°C for 5 hours and
then cooled to room temperature to obtain 29.25 g of a

black powder. Subsequently, this powder was heated in a



Cat al yst Preparation Exanple 19 5 Copper - based catalyst S
contai ning no al kali ne earth netal was prepared according to the

Cat al yst Preparation Exanple 16 except for changing the anount of
copper nitrate trihydrate to 48.2 g and & t<i ng magnesiumnitrate
hexahydr at e. 10 Catal yst Preparation Exanple 20 ' ~12.7 g of
di at omaceous bydrikgens streaenddd 189°C for2(0 hoursf twabbtainoicopped-by
addi ng thereto a sol ution of 48.4 g of copper nitrate trihydrate in
200 nl of baggedecatadysth@ conkainigorineifhernas elkelddmetalt mox 15
heated to 50[err]C. Thereafter, a solution of 13.6 g of anmmoni um

car bonat e in[EBOL%#a&ﬂnﬁaF@Ft®a§e$&&ed dr opwi se with stirring over a
period of 2 hours, after which the stirring was continued at the sane
tenperature for 1 hour. The precipitate thus formed was dried at

60 C 20 withya rotary _evaporator and | verized to obtain a

Iigﬁ:rLlue po&%gﬁ;yﬁﬁ FF£a§f23°8 @Faﬁwﬁ§ gémder was heated at )8 o
350[err]C Eor 1 hour an _ d sat.u - tain

5 of ‘5 black pouder. upopbet-BARERchEaNTRY 5 cohERRRIRLbE BkAT1Re
hydrogen streggréh méRaiSWal' prephed! akRraingO b2 theCeARATyRRSEd catal yst
T - 22 - contai ning Neither an

al kali metal peepafaglilonl Exampaet N6 exceptalfor changing the amount of

copper nitrate trihydrate to 48.2 g and omitting

magnesium nitrate hexahydrate.

10 Catalyst Preparation Example 20
12.7 g of diatomaceous earth was suspended in

200 ml of water, followed by adding thereto a solution
of 48.4 g of copper nitrate trihydrate in 200 ml of
water, and the resulting mixture was stirred and then

15 heated to 50°C. Thereafter, a solution of 13.6 g of
ammonium carbonate in 200 ml of water was added dropwise
with stirring over a period of 2 hours, after which the
stirring was continued at the same temperature for 1
hour. The precipitate thus formed was dried at 60°C

20 - with a rotary evaporator and pulverized to obtain a
light-blue powder. 1In air, 61.7 g of this powder was
hgated at 350°C for 1 hour and then cooled to room
temperature to obtain 28.9 g of a black powder. Subse-
quently, this powder was heated in a hydrogen stream at

25 180°C for 1 hour to obtain copper-based catalyst T



Cat al yst Preparation Exanple 21 ‘Copper - based catal yst U was
prepared according 5 to the Catal yst Preparati on Exanple 8 except for
sup- porting 0.0127 g of sodiumnitrate by inpregnation in pl ace of
sodi um carbonate. As a result of anal ysi22 +he -al kali netal content of
t He catal yst was found to be 0.09 W % based on the catal yst's wei ght
before the 1@onddicting neithéry dm@Eikali metad«agy @nl alkaline earth Under
nitrogen, 0.3 g of copper-based catal yst A was charged in a 150-m

st ai nl ess- st edet@ai.ocl ave equi pped with a nagnetic stirrer, and the

aut ocl ave was 15 closed. Then, 50.0 g of acetophenone was charged in the
aut ocl ave and hydrogen was supplied thereto at 10 kg/cmerr]. The

acet ophenone contai ned 0.33% inpurities.. The autoclave was put in an
oi | bath and & (BRFparatign Ptt’%ﬁ’?ﬂle%l Fut with heating and stirring at

1,160 201 P The S fla 5 8ebY Yl prbiated Yitoratng
Che t or i ngti O G [ EATyl el O texamptd B QR R BT e by
Cont ai ned 25, SP RIS W h e L J e by Adiagddtion 1an xiure
- 23 - of d18idd -dH B RiMYdardeid. Ak la LResPe Of inyl iy erthe
alkali metal content of the catalyst was found to be
0.09 wt$ based on the catalyst's weight before the

10 reduction with hydrogen.

Example 1
Under nitrogen, 0.3 g of copper-based catalyst

A was charged in a 150-ml stainless-steel autoclave
equipped with a magnetic stirrer, and the autoclave was

15 closed. Then, 50.0 g of acetophenone was charged in the
autoclave_and hydrogen was supplied thereto at 10
kg/cm2, The acetophenone contained 0.33% impurities.
The autoclave was put in an oil bath and the reaction
was carried out with heating and stirring at 1,150

20 r.p.m. The temperature of the oil bath was 180°C. (The
reaction was terminated 46.8 minutes after the start of
the hydrogen éupply and the reaction mixture was cooled
to room temperature.) After the termination of the
reaction, the autoclave was Qpened, followed by sampling

25 and analysis by gas chromatography. The reaction

mixture contained 22.87 wt% of acetophenone, 75.36 wt$



The conversi on of acetophenone was 77.05% the selectivity for
[err]-phenyl ethyl alcohol was 96.52% and the selectivity for

et hyl benzene was 1. 70% The 5 acetophenone-hydrogenating activity per unit
time of 1.0 g of the catalyst was ¥ 28 mol/g. hr. Exanpl e 2

The process of Exanple 1 was repeated except for using copper - based
catal yst B i nofl acphehyletbhyl- altOhpdsandcdt.dbywtsAoknethylhenaengy t he
reaction 55.8  minutes after the start of the_hydrogen supply. The
reaction ni xt The conversion2of1acatupbengaet ¥gBeddn85%, thes 62" wt % of
[err]-phenyl ethyl alcohol and 0.608 wt % of t hyl. benzene. The gonversi on
of acetophenoﬁ8{ﬁ6§1V15Y7@PSZ%TPPEGYQSFQQQi9#99%Pgrwﬁéréﬁfgﬁényﬁ hyl

al cohol was 97.14%, and the selectivity for eth enz was 0. 90%
The acet ophenShE- BEAPS éﬁ&ﬁ?ﬁ§°§cfi 'ﬁ&eﬂ@ nVFstﬁﬁébgf THe 1.0 g of the
cat al yst s 1. |/ [ I s : i e ol 9c@ss of
Exanpl e 1m€as%Fé§8g¥§8%g%bg FrogenaEé?EEg?ﬁ3v3§8pgffbggé gé?%l??t Cﬁin

pl'ace of COPPE’ bf the E%i?ﬂ#%%t%%§55-57am519§“ﬁkqﬁting the reaction 54.1
e

m nutes after tﬁe start o hydr ogen supply. The reaction m xture
contai ned 23.42 wt % of acetophenone, 25 74.71 w% of [err]-phenyl ethyl
al cohol and 1.18 wt % of et hyl benzene. The conversi on of acetophenone

was Example 2
The process of Example 1 was repeated except

for using copper-based catalyst B in place of copper-

10 based catalyst A and terminating the reaction 55.8
minutes after the start of the hydrogen supply. The
reaction mixture contained 23.10 wt% of acetophenone,
75.62 wts of a-phenylethyl alcohol and 0.608 wtg of
ethylbenzene. The conversion of acetophenone was

15 76.82%, the selectivity for a-phenylethyl alcohol was
97.14%, and the selectivity for ethylbenzene was 0.90%.
The acetophenone-hydrogenating activiﬁy per unit time of

1.0 g of the catalyst was 1.14 mol/g-hr.

Example 3
20 The process of Example 1 was repeated except
for using copper-based catalyst C in place of copper-
based catalyst A and terminating the reaction 54.1
minutes after the start of the hydrogen supply. The
reaction mixture contained 23.42 wts% of acetophenone,
25 74.71 wts of o-phenylethyl alcohol and 1.18 wtg of

ethylbenzene.,  The conversion of acetophenone was



- 24 - 76. 50% the'selectivity for [err]-phenyl ethyl al cohol was

96.38% and the selectivity for ethyl benzene was 1. 75% The

acet ophenone- hydrogenating activity per unit tinme of 1.0 g of the

catal yst was 1.17 nol/g[err]hr. 5 Exahdge <4 The process of
Exanpl e 1 was repeated except for using copper-based catalyst Din

pl ace of coppge-.50%, thesedledtdwity Acand-phenylathyl Ealcohedcwasn 62.0
m nutes after the start of the hydrogen supply. The 10 reaction m xture
cont ai ned 23. 9% .88%,0knd dhepeeiectivity for Bhylkeszeng WaspHedpitet hyl
al cohol and 0.75 wt % of et hyl benzene. The conversion of acet ophenone
was 76. 60%e acetophenang-hydragenating eehivdtyy pex asis tigpe of
97.28% and the selectivity for -ethyl benzene was, 0.75% 15 The

acet ophenone- By@ §yefatthey catalwat, was 1y37% moldg -&e. 1.0 g of the

catal yst was 1.05 nol/g[err]hr. Exanpl e 5 The process
of Exanple 1 was repeated except for using copper-based catalyst E in
pl ace of cepper.- Q sed catalyst A and term nating the reaction 61.5

m nut es afger%#ﬁgméfhg? of the hydrogen supply. The reaction m xture

contai ned 24.32 wt % of aget %ﬁ%ﬁ%é’ﬁzgﬁé‘m@ﬁ% Wad Yepeaitlels Rixegtet hyl

al cohol and 1.06 wt % of e conversion of acetOphenone

125222 2 SORon i St iy e o o
based catalyst A and terminating the reaction 62.0
minutes after the start of the hydrogen supply. The

10 reaction mixture contained 23.33 wtgs of acetophenone,
75.50 wt$ of a-phenylethyl alcohol and 0.75 wtg of
ethylbenzene. The conversion of acetophenone was
76.60%, the selectivity for a-phenylethyl alcohol was
97.28%, and the selectivity for ethylbenzene was 0.75%.

15 The acetophenone-hydrogenating activity per unit time of

1.0 g of the catalyst was 1.05 mol/g-hr.

Example 5
The process of Example 1 was repeated except
for using copper-based catalyst E in place of copper-
20 based catalyst A and terminating the reaction 61.5
minutes after the start of the hydrogen supply. The
reaction mixture contained 24.32 wts of acetophenone,
73.94 wts of a-phenylethyl alcohol and 1.06 wtg of
ethylbenzene. The conversion of acetéphenone was
25 75.60%, the selectivity for a-phenylethyl alcohol was
-96.52%, and the selectivity for ethylbenzene was 1.59%.



- 25 - The acet ophenone- hydrogenating activity per unit time of

1.0 g of the catalyst was 1.02 nol/g[err]hr. Exanpl e 6

The process of Exanple 1 was repeated except 5 for using copper-based
catalyst F in place of copper- based2gatal yst A and term nating the
reaction 72.0 m nutes after the start of the hydrogen supply. The

reacti on m xt Urife Cadé €oplteéndne SRyt Sgeha bing opdeieity per unbt 7¥imé % OHf
[err]-phenyl et hyl al cohol and 0.54 wt% of 10 et hyl benzene. The conversion
of acetophenorik.hag of th@6c8t4dyshewas| 2cO2vinoy/gohrferr]-phenyl et hyl

al cohol was 97.27% and the selectivity for ethyl benzene was 0. 80%
The acet ophenone- hydrogenating activity per unit tinme of 1.0 g of the
catal yst was 0.87 npl/g[err]hr. 15 Exanmple 7 The process
of Exanple 1 dﬁ?”NEH%a ed except for using copper-based catalyst Gin

pl ace of copper- based cat al Stﬁé‘ nd termgnating the reaction 52.5
mnutes after the start et?l’éo?ﬁ/%?o rﬁ’éﬂﬂ%f?/qﬁ%s %P?%%%‘fi?fﬁc?ﬁ’n&ture
cont ai ned i/ 9 a Ic % ere] - | et hyl
al cohol an§§1.€§#%&%§%ﬁ 88$88£?ﬁ§$§%n%%%%;;%%gpcg% ?%?%Hééfcggég%phenone
was 74. 179 VAt 0. iy n t .yas
96. 41% and1%&?%%#2%%?§??%tforggéhé?tgnzéggﬂﬁggﬁg.%%ég@igghﬂ%ewa
acet ophenone- hyihWoes 24 £ 66r 26hé VAt Ar 0CHE UPhé hydPofén supply? Orwé the
catalyst was 1.17 nol/g[err]hr.

reaction mixture contained 23.08 wt% of acetophenone,

75.74 wts of a-phenylethyl alcohol and 0.54 wty of

10 ethylbenzene. The conversion of acetophenone was
76.85%, the selectivity for a-phenylethyl alcohol was
97.27%, and the selectivity for ethylbenzene was 0.80%.

The acetophenone-hydrogenating activity per unit time of

1.0 g of the catalyst was 0.87 mol/g-hr.

15 Example 7
The process of Example 1 was repeated except
for using copper-based catalyst G in place of copper-
based catalyst A and terminating the reaction 52.5
minutes after the start of the hydrogen supply. The
20 reaction mixture contained 25.75 wts$ of acetophenone,
72.46 wts of a-phenylethyl alcohol and 1.10 wtg of
‘ ethylbenzene. The conversion of acetophenone was
- 74.17%, the selectivity for a-phenylethyl alcohol was
96.41%, and the selectivity for ethylbenzene was 1.68%.
25 The acetophenone-hydrogenating activity per unit time of

1.0 g of the catalyst was 1.17 mol/g-hr.



- 26 - Exanpl e 8 The process of Exanple 1 was repeated
except for using copper-based catalyst Hin place of copper-

based catalyst A and termnating the reaction 58.9 5 mnutes after the
start of the hydrogen supply. The + e26t+on m xture contained 23.04 w %
of” acet ophenone, 75.63 Wt % of [err]-phenylethyl alcohol and 0.61 w %
of et hy| Bxample 8The conversion of acetophenone was 76.88% the
selectivity for [err]-phenylethyl alcohol was 10 97.08% and the
-selectivity for ethyl beThenprosesd ofvExampleTie wvaserepeatede exgepdgenati ng
activity per unit tinme of 1.0 g of the catalyst was 1.08 nol/g[err]hr.
.Exanpl e 9 for using copper aartapystp e in pdaceepfacoppetcept 15
for using copﬁgr-based catal yst 1_in place of copper- based catal yst A

and term nati R§SERe AtAdysin dspnd terminaking Ihe reaction,58.8 the

hydr ogen s | v. The reaction m,xt conta ned 25. 96 .wt %

a%:let oghenoﬁg?ﬁnulﬁ. Qlft\ﬁtr%% I [s&arr]ti(ﬁ#;n eeth|¥ ro{%egoﬁ&ppﬁd 0. wt % of

20 ethylb C ' n 0 e

Sl cotTvity 1 aeackitn® XU Lkde A DEMN WP Ds soatipiihons)

sel ectivity fQB.%tShth%e%Fe%ﬁﬁml aq-e ¥l alcohl R @RIganqaq lyedr ogenat i ng
.0go

activity per unit tine o the catal yst was 0.99 nol/g[err]hr.
ethylbenzene. The conversion of acetophenone was

76.88%, the selectivity for a-phenylethyl alcohol was
10 97.08%, and the selectivity for ethylbenzene was 0.90%.
The acetophenone-hydrogenating activity per unit time of

1.0 g of the catalyst was 1.08 mol/g-hr.

Example 9
The process of Example 1 was repeated except
15 for using copper-based catalyst I in place of copper-
based catalyst A and terminating the reaction 61.5.
minutes after the start of the hydrogen supply. The
reaction mixture contained 25.96 wtg$ of acetophenone,
72.90 wts of a-phenylethyl alcohol and 0.49 wt$ of
20 ethylbenzene. The conversion of acetophenone was
73.96%, the selectivity for a-phenylethyl alcohol was
97.28%, and the selectivity for ethylbenzene was 0.74%.
The acetophenone-hydrogenating activity per unit time of

1.0 g of the catalyst was 0.99 mol/g-hr.

25 Example 10

The process of Example 1 was repeated except



25 Exanple 10 The process of Exanple 1 was repeated except

-w27 - for using copper-based catalyst J in place of copper- based
catalyst A and termnating the reaction 80.5 m nutes after the start of
t he hydrogen supply. The reacti on m>Xre contai ned 20. 20 wt % of

acet ophenone, 5 78.80 w% of [err]-phenyl ethyl alcohol and 0.64 w % of

et hyl benzene. £dlreusdnge copperebased catalyst Jadn7place of coppes-

sel ectivity for [err]-phenylethyl alcohol was 97.53% and t he

sel ectivity fbasedhygabtalyste Avand) tesninatdng thegseastiono®9-Bydrogenating
activity per unit tinme of 1.0 10 g of the catalyst was 0.82 npl/g[err]hr.
Exanpl e 11 minutes afterTidepssadds ofi theahydrogens $uPRIdat e cept

for using copper-based catalyst K in place of copper.- ased catal yst A

and term nati Agachdonesdaityreorontained 7.9 é(’l‘t_t*eloft Reetophengney), o

atet ophencie, 7880 3% 95, A EAETBAAHEI ARy 0 S b 5. 25 we 96 of

et benzene, sTRSISHRHTH oA, AN, Wpoprenthe iy Ve,

2ctivity per GBS SRR Y Gy e A T et oL er 1 hr -
and the selectivity for ethylbenzene was 0.66%. The
acetophenone-hydrogenating activity per unit time of 1.0

10 g of the catalyst was 0.82 mol/g-hr.

Example 11
The process of Example 1 was repeated except
for using copper-based catalyst K in place of copper-
based catalyst A and terminating the reaction 97.5
15 minutes after the start of the hydrogen supply. The
reaction mixture contained 24.62 wtgs of acetophenone,
74.53 wts of o-phenylethyl alcohol and 0.25 wt$ of
ethylbenzene. The conversion of acetophenone was
75.30%, the selectivity for a-phenylethyl alcohol was
20 97.68%, and the selectivity for ethylbenzene was 0.37%.
The acetophenone-hydrogenating activity per unit time of

1.0 g of the catalyst was 0.64 mol/g-hr.

Example 12
The process of Example 1 was repeated except
25 for using copper-based catalyst L in place of copper-

based catalyst A and terminating the reaction 54.1



Exanpl e 12 The process of Exanple 1 was repeated except 25

fer using copper-based catalyst L in place of copper- based catal yst A
and termnating the reaction 54.1 - - 28
- mnutes after the start of the hyd@®&gen supply. The reaction
m'xture contained 23.26 w % of acet ophenone, 75. 04 W % of

[ err] - phenyl emiputesc afislerated starkt dfotthe hydepigenbeupply. Theconversion
of acet ophenone was 5.76.67% the selectivity for [err]-phenylethyl
al cohol was reacggopomixiuge: gontained 23261 it teofy Acetophennae,1. 37%

The acet ophengne-hydrogenating activity per unit tinme of 1.0 g of the
cat al yst aas Z51§4nﬂFﬁgP@rPrﬁg?nylethQ{EﬁéﬁﬂhéllQndl0-92 wts of The

rocess of Exapple,l was repeated except, for using copper-based
Eatalyst M inegBXi?eBFeBSppeF%e convgzedenc of  pFetophgpa@neeMasnat i ng t he

i . i fter th t he hyd ly. The
Fomct i on L%i‘aﬁé633lk“t Eﬁtﬁ;%e?gfc $VHEY; o "f‘-geg% sngﬁsa§y3°%§9253;¥rﬁzéﬁ%n32 .
- | 9 enzene.
of abet ophenona Q¥ “ane 5885 BadfLbiky ror, erfie fspf] Y’Bﬁeﬂyﬁéghygw
0, L A A 0
The acet opnencas. hoatsthenbie RyaztgBhat by atlivEk ) bEF"EG]E, ¥ieO0t V]
catal yst was 0.081gneE/ gher ehkalyst was 1.18 mol/g-hr.

Example 13

10 The process of Example 1 was repeated except
for using copper-based catalyst M in place of copper-
based catalyst A and terminating the reaction 70.4
minutes after the start of the hydrogen supply. The
reaction mixture contained 22.69 wt$ of acetophenone,

15 76.14 wty of a-phenylethyl alcohol and 0.57 wts of
ethylbenzene. The conversion of acetophenone was
77.24%, the selectivity for oa-phenylethyl alcohol was
97.29%, and the selectivity for ethylbenzene was 0.84%.
The acetophenone-hydrogenating activity per unit time of

20 1.0 g of the catalyst was 0.91 moi/g-hr.

Example 14
The process of Example 1 was repeated except
for using copper-based catalyst N in place of copper-
based catalyst A and terminating the reaction 60.3
25 minutes after the start of the.hydrogeﬁ supply. The

reaction mixture contained 23.73 wt% of acetophenone,



Exanpl e 14 The process of Exanple 1 was repeated except

fer using copper-based catalyst N in place of copper- based catal yst A
and termnating the reaction 60.3 25 minutes after the start of the

hydr ogen supply. The reacti on m xtur289 cont ai ned . 23. 73 wt % of

acet ophenone, - .29 - 74.91 W % of

[ err] - phenyl e7¥yBlamtghaf arphenddettyplofalcohole@and 9s62mES Dfe conversion
of acetophenone was 76.19% the select|V|ty for [err]-phenyl et hyl

al cohol was ethygbe@mneand%%varﬁmqp f@cmmﬁaﬁas 0.94% 5

L e e N

e S ;grsg&t%fze G o IR M T
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acet ophenone goRt the ocl ave was put in an
oil bath and ﬁ' 8 ?eactlon %%QB ecrg)ra?slsecfo(g-’utmovvlr}‘?gn%;1*t sating and stirring at

1, 000 r.p.m The tenperature of the oil bath was 180[err]C. (The
reaction was termnated 170 mnutes after the start of t he hydrogen
supply and thgx@m?mé(y5rnxture was cool ed to roomtenperature.) After
the termnation of the

Under nitrogen, 0.3 g of copper-based catalyst

O was charged in a 50-ml stainless-steel autoclave

10 equipped with a magnetic stirrer, and the autoclave was
closed. Then, 15.0 g of acetopheﬁone was charged in the
autoclave and hydrogen was supplied ﬁhereto at 10
kg/cm2, The acetophenone contained 1.59% impurities.
The autoclave was put in an oil bath and the reaction

15 was carried out with heating and stirring at 1,000
r.p.m. The temperature of the oil bath was 180°C. (The
reaction was terminated 170 minutes after the start of
the hydrogen supply and the reaction mixture was cobled
to room temperature.)' After the termination of the

20 reaction, the autoclave was opened, followed by sampling
and analysis by gas chromatography. The reaction
mixture contained 9.99 wt% of acetophenone, 87.87 wt% of
o-phenylethyl alcohol and 0.54 wtg of ethylbenzene. The
conversion of acetophenone was 89.7%, the selectivity

25 for o-phenylethyl alcohol was 99.3%, and the selectivity
for ethylbenzene was 0.7%. The acetophenone-

hydrogenating activity per unit time of 1.0 g of the



20 react}on, t he autocl ave was opened, followed by sanpling and

anal ysi s by gas chronmat ography. The reaction m xture contained 9.99
wt % of acet ophenone, 87.87 wt % of [err]-phenyl et hyl al cohol and 0.54
wt % of et hyl benzene. The conversi on 30 -acet ophenone was 89.7% the

selectivity 25 for [err]-phenylethyl alcohol was 99.3% and the
selectivity catalystetwad Ma2emlygelr.7% The acet ophenone-

hydr ogenating activity per unit time of 1.0 g of the

- 30 - catal yst was 0.23 nol/g[err]hr. Exanpl e 16

Under nitrogen, 0.3 g of copper-based catal yst P was charged in a
50-m stainl efxampd® lfutoclave 5 equipped with a magnetic stirrer, and

t he autocl ave was cl osed. ,Then, 15.0 of acetophen ed in
t he aut ocl ave and g&*-gﬁzi’?eé‘e'aloef(}g F i t%ﬂ?oetrﬁé’%%%dm%aﬁ%ggs%ve at
20 kg/cnferr] , The ageto nQne 1A : SaeT I dd The

aut ocl ave was Ppﬁ"ta% r?%aﬂfggqhqe %at%q‘ﬁqgﬁ drkg%ltmleesrsg_asc%éoln vvasdc%:lz?sﬁ ed out with
heating an St | t éﬁ?ﬁ WO FpN, TNy £ rftdeitdie §d '
bath was 1 0[eerqru]:@rje((drﬁ;e?lq-'rh’gaactjnl1 V\'/Jalsé)tgeerlrﬁ nat'ed 53 rriéjnut esc af tser' t he

start of the iidaen sdly Pb |§iof Wedidihenone Wad Wi drpliate {0

room tenperature 15 t'erm nation of the reaction, the pressure
in the e W e IfAlr dfsn &rdb kil£1€Gup W Wi aive was

opened, followed by sanpling and anal ysis by gas chr omat ogr aphy. The
reaction m xt gcoldva sl AR .Kg¢md. The acetophenone contained
| 0.33% impurities. The autoclave was put in an oil bath
10 and the reaction was carried out with heating and
stirring at 1,150 r.p.m. The temperature of the oil
bath was 180°C. (The reaction was terminated 53 minutes
after the start of the hydrogen supply and the reaction
mixture was cooled to room temperature.) After the
15 termihation of the reaction, the pressure in the
hydrogen gas holder was 8.0 kg/cm2G. The autoclave was
opened, followed by sampling and analysis by gas
chromatography. The reaction mixture contained 32.6 wt$
of acetophenone, 66.8 wt$ of a-phenylethyl alcohol and
20 0.6 wt$ of ethylbenzene. The conversion of acetophenone |
was 67.1%, the selectivity for o-phenylethyl alcohol was
99.0%, and the selectivity for ethylbenzene was 1l.0%.

The acetophenone-hydrogenating activity per unit time of

1.0 g of the catalyst was 0.32 mol/g-hr.

25 Example 17

The process of Example 16 was repeated except



of acetophenone, 66.8 W% of [err]-phenyl ethyl alcohol and 20 0.6 wt % of
ethyl benzene. The conversi on of acetophenone was 67.1% the
selectivity for [err]-phenyl ethyl alcohol was 99. 0% -and the
selectivity for ethyl benzene was 1.0% - 31 ¥he acet ophenone-hydrogenati ng
activity per unit time of 1.0 g of the catalyst was 0.32 nol/g[err]hr.
25 Exanpl e 17 for using coppefrRbapedceatalystx@npheplécencstrepppeed except
- 31- for using copper-based catalyst. Qin place of copper- based
catal yst P andbasedi catahysthP ardcteomifidtimgutbe reactiornr20hmigubes of

t he hydrogen supply. The reaction m-xture.contai ned 33.6 w % of

acet ophenone, &Sterwtheostast|efrthphbrdregen| suppdyiel The neactiionof

et hyl benzene. The conver si on_of acetophenone was 66. 4% the select|V|ty
for [err]-pherjigtuye appbadnedad3of. wis ﬁﬁdaFﬁE°EB?B€P?V|%§

et hyl benze [ Qcess

Exanpl e 16q§as r@%%%¥iﬁtQ¥Eeﬁf%gﬁgi ?88 ﬁsgnﬁtéoﬁﬁe?tB%iﬁﬁnQSPﬁrys?ﬁ% in
350 5 Combnyer B, GEb BB ek HEL AT MELGEBIELED 1

m nut es e reac

1 xt t f 5 s s
Fgﬁr?fghggglgiﬂgf él% EM%YEQEY%Csieagsﬂoag?h??benzeﬁ%g %ﬂé selegghgéngon
of acetophenongsyegeRF188nzbhe wkeatiyity

Example 18

10 | The process of Example 16 was repeated except
for using copper-based catalyst S in place of copper-
based éatalyst P and terminating the reaction 24 minutes
after the start of the hydrogen supply. The reaction
mixture contained 31.3 wtg of acetophenone, 67.0.wt% of

15 a-phenylethyl alcohol and 1.7 wt% of ethylbenzene. The
conversion of acetophenone was 68.4%, the selectivity
for a-phenylethyl alcohol was 97.2%, and the selectivity

for ethylbenzene was 2.8%.

Example 19
20 The process of Example 1 was repeated except
for using copper-based cataiyst U in place of copper-
based catalyst A and terminating the reaction 55.3
minutes after the start of the hydrogen supply. The
reaction mixture contained 23.26 wts of acetophenone,
25 75.19 wts of a-phenylethyl alcohol and 0.90 wtg$ of

ethylbenzene. The conversion of acetophenone was



for [err]-phenyl ethyl al cohol was 97.2% and the selectivity for

efhyl benzene was 2.8% Exanple 19 20 The process of Exanple
1 was repeated except for using copper-based catalyst U in place of
copper - based catal yst A and term rat3ng the reaction 55.3 m nut es
after the start of the hydrogen supply. The reaction m xture contai ned
23.26 Wt % of Z6e6Fphethecseldetivity fio¥ aFphenipdeyhglhalcehodheasand 0. 90
wt % of et hyl benzene. The conversion of acetophenone was

- 32 - 7866793 rt Bads thec seleckivity] Sor] eshydbeozepe wagoReB3kas
96.79% and the selectivity for ethyl benzene was 1.33% The

acet ophenone- wpsrageﬁsphﬁgoaerhvﬂtpgseatengtapt#slsy per upig §ige ofe

catal yst was 1.15 rml/% err arative Exanple 1

The process of+Bx@nPfe ew§§tﬁé§§§t§§se}g3§tm°l /9°Bfat a product obtai ned
by heating a commercially avai |l abl e copper-chromte catal yst (C 100,
SAKAI CHEM CAL | NDUSTRY Co., Ltd.) in a hydrogen streamat 10

180[err] C £or S n.pl ace of copper-based catal yst A,
and t hat t%e réagggéﬁlygs §ﬁ l%a ed 72.2 m nutes after the start of

acet ophenane, TV TQ?‘MO?@F&%’?T‘EEE*# e R P B e e e L ot o
15 ethylbenzeaﬁatTaepeeauetsbemaaheacsyoaaa&eag Wagommercially
available copper-chromite catalyst (C-100, SAKAI
CHEMICAL INDUSTRY Co., Ltd.) in a hydrogen stream at
10 180°C for 5 hours was used in place of copper-based
catalyst A, and that the reaction was terminated 72.2
minutes after the start of the hydrogen supply. The
reaction mixture contained 26.61 wt$ of acetophenone,
70.24 wty of u-phenylethyl_alcohol and 2.37 wtg of
15 ethylbenzene. The conversion of acetophenone was
73.30%, the selectivity for a-phenylethyl alcohol was
94.56%, and the selectivity for ethylbenzene was 3.68%.
The acetophenone-hydrogenating activity per unit time of

1.0 g of the catalyst obtained above was 0.84 mol/g-hr.

20 Comparative Example 2
The process of Example 1 was repeated except
that copper-based catalyst R containing neither an
alkali metal nor an alkaline earth metal was used in
place of copper-based catalyst A, and the reaction was
25 terminated 132.9 minutes after the start of the hydrogen

supply. The reaction mixture contained 28.96 wtg of



73.30% the selectivity for [err]-phenylethyl alcohol was 94.56% and
the selectivity for ethyl benzene was 3. 68% The

acet ophenone- hydrogenating activity per unit tinme of 1.0 g of the
catal yst obtai ned above was 0.84 nol/g[ er 3Bhe. 20 Conparative Exanple 2
The process of Exanple 1 was repeated except t hat copper - based
cat al yst R condeevtophenenthe66a87 wts efkarphemyiéthpl abcah&dl and earth
nmetal was used in pl ace of copper-based catalyst A and the reaction
was 25 term ndt 28 #82. 6fnehbydbengene.t hBhet aonversion ofdacgto-

supply. The reaction m xture contai ned 28. 96 w % of

- 33 - acehenpBaonas 36.84%w thef SFéP—PFlmEHyf@Fh?TPBPEB?iBFhﬁﬁd

3. 35 wt % of th | b h 70. 94%
Uhe sol et i vi (3L¥BROLWAF. BchGRel AR the safeehirituctel SEoriunzens

aetivity poh f°*a§tEy#eg”zﬁ@ﬁsfas“%oggsﬁgghahx§f§§§§$9€§§°83§i¥ﬁ%§?§F§$??ﬁr

Cowparative e I r epeat ed
except f or uélﬁg copper Bageaf Eal§§§9$§§§ Wps ace o ﬁ°ig%mﬁ§ 10 based
catalyst 0. The reaction m xture contained 72. 11 wt % of acet ophenone,
26. 22 Wt % of [err]-phenylethyl alcohol and 0.08 wt % of et hyl benzene.

The conver5|onc@ﬁpa§3§9ve Exampllengne was 26.4% the selectivity for
[ err]-phenyl et hyl
The process of Example 15 was repeated except
for using copper-based catalyst T in place of copper-
10 based catalyst O. The reaction mixture contained 72.11
wtg of acetophenone, 26.22 wt$ of a-phenylethyl alcohol
and 0.08 wtg of ethylbenzene. The conversion of aceto-
phenone was 26.4%, the selectivity for a-phenylethyl
alcohol was 99.6%, and the Selectivity for ethylbenzene

15 was 0.4%. The acetophenone-hydrogenating activity per

unit time of 1.0 g of the catalyst was 0.07 mol/g-hr.



al cohol was 99.6% and the selectivity for ethyl benzene 15 was 0.4% The

acet ophenone- hydrogenating activity per unit tinme of 1.0 g of the
catal yst was 0.07 nol/g[err]hr. _ . - 34 -
VWHAT IS CLAIMED IS: 1. A process=f34 produci ng [err]-phenyl et hyl

al~cohol by hydrogenati on of acetophenone, which uses a copper- based
cat al yst cont #HAMJ SAUCLAEMED aI®: al kal i ne earth metal carbonate and/or at

| east one al kali nmetal conpound. 2. The process according to claim
1, wherein thd. al kal i né @uadesetfor @radueing je-phanskethwl @hahol gr oup
consi sting of calciumcarbonate _strontium carbonate and barium carbonate.
3. The h¥ diedrogenakipmPi Acetophanonfe MICh HiSes) & FIBREEArt h

nmet al carbonate is_strontium carbopaje. ess acqgrding to

4, Th
claim1, wher RaFediLat@iypt coRtALRING AL Ae25F r%“%aﬁe]t'% £ Q1835 onat e(s)
t talli f 1:99, 0:.50. : Th
hocordi ng to CabAT CAURRRATE TRE/ O, Aodag ore alkaLy, meval e PLRCTS

car bonat e('s) tm &ﬁlic copper ranges fromO0.1:99.9 to 25:75. 6.
The process according to claim1, wherein the alkali netal conpound is

sel ected fromghe group prdNStSddy éﬁcmWﬁlléﬁaﬁmeqmmng@ts.
7. The process according to claim1, wherein the alkali netal
conpound i s selBEdEThd 'édr themékdlPcarbonate is selected from the
group consisting of calcium carbonate, strontium
carbonate and barium carbonate. |
3. The process according to claim 1, wherein the
alkaline earth metal carbonate is strontium carbonate.
4. The process according to claim 1, wherein the
weight ratio of the alkaline earth metal carbonate(s) to
metéllic copper rahges from 0.1:99.9 to 50:50.
5. The process according to claim 1, wherein the
weight ratio of the alkaline earth metal carbonate(s) to
metallic copper ranges from 0.1:99.9 to 25:75.
6. The process according to claim 1, wherein the
alkali metal compound is selected from the group
consisting of sodium salts and potassium salts. _
7. The process according to claim 1, wherein the
alkali metal compound is selected from the group
consisting of alkali metal carbonates and alkali metal
nitrates.
8. The process according to claim 1, wherein the

alkali metal compound is an alkali metal carbonate.
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consisting of alkali metal carbonates and alkali nmetal nitrates.

8.
The process according to claim1l, wherein the alkali conpu an
al kali nmetal carbonate. -35 - 0. TrETbﬁb§%§§ §§§g¥%$%§
to claim1, wherein the alkali metal cenp®dund is seldcted fYOMTIE.
consi sting of sodium carbonate, potassium carbonate an sodiumnitrate.
10. The Pr.ocess acdhelipmpdessladaorfinghdreeiclaime 1,cothexeinndhe
catal yst contains the alkali nmetal conpound(s) in an amount of 0.01 to 10
W% in terms @lkalde metead icompeund)is @ekected fromdhergroup . The
process according to claim1, wherein the copper-based catal yst contains
the al kali netcgnsisding Rf Sodiumcarhanatex mpptEssiym Garhanateaad of
the alkali netal(s) before its reduction. 12. The process accordi ng
to claim1, iU (THE LK/ ogenati on reaction tenperature ranges from 50

to 200C. 13. The process according..to ¢laiml, erein t.he

hydr ogenat i on Meact i on AR AP SRR ARG b g Lif et sne 14
The process a ' { | al @ﬂg ' [-ghi. o ati.Q s0f the catal yst
used for the %%g;rpgégée]%ﬁél%o‘% gdréga $on {xgéa{ah&r%&et}él/\%ﬁ{gol g‘{értgac?’uc_ed ranges

- from0.001: 1 dgmdbundlits) in an amount of 0.01 to 10 wt$ in terms of

the alkali metal(s) before its reduction.

11. The process according to claim 1, wherein the
copper-based catalyst contains the alkali metal
compound(s) in an amount of 0.01 to 5 wtg in terms of
the a;kali metal(s) before its reduction.

12, The process according to claim 1, wherein the
hydrogenation reaction temperature ranges frqm 50 to
200°cC.

13. The process according to claim 1, wherein the
hydrogenation reaction pressure ranges from 5 to 100
atmospheres.

14. The process according to claim 1, wherein the
weight ratio of the catalyst used for the hYdrogenation
reaction to a material to be reduced ranges from 0.001:1
to 0.5:1.

15. The process according to claim 1, wherein in
the halogenation reaction, the feed rate (LHSV) of a
solution of a material to be reduced ranges from 0.1 to
5h-1,

16. The process according to claim 1, wherein in

the halogenation reaction, the amount of hydrogen used
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15. The process according to claim11, wherein in ~ hydrogenation the
hydr ogenation reaction, the feed rate (LHSV) of a solution of a materi al

to be reduced ranges from0.1 to 5h-1. 16. The process. according to
claim1, wherein in the hydrogenation36eaction, the anpunt of hydrogen
used - 36 - ranges from1l to 30 tines

| arger than t¥RuNgeRofremchl tondlatinesi larger bthamychegtheovetiocalerial to
be reduced. 17. ., _The process _according to claim1, wherein the
cOpper-based‘E%}%ﬁy%qu;gaéﬁﬁgtgfyBYdEQGGPn%@ dymateridl kP PP ati on net hod,
a precipitation_nmethod or a mxing nethod. 18. The process

according to gduce 7, wherein the copper-based catalyst is a catalyst

o kal | Sol ut i 1o i SotI Bt AROEA s o "SR oy VhEFSARMRe carth
oo pi tat e, SHEEIRRY SRt EUER e efEhEy ey Phtafndd a0 o

ot af ned by (P S it BTEAT Ot eq LR IR OB ELS R iStned e 8 o o

al kal i ne ear tpf§ i meid@nate in a copper salt solution, adding thereto
an alkali solution to precipitate copper and support the sanme on the

al kal i ne 18. The process according to claim 17, wherein the
copper-based catalyst is a catalyst obtained by the
coprecipitation method and is prepared by adding an
alkali solution to a mixed solution of a copper salt and
an alkaline earth metal salt to cause coprecipitation
and calcining the resulting precipitate, followed by
hydrogen reduction.
19. The process according to claim 17 wherein the
copper-based catalyst is a catalyst obtained by the
precipitation method and is prepared by suspending an
alkaline earth metal carbonate in a copper salt
solution, adding thereto an alkali solution to
precipitate copper and support  -the same on the alkaline
earth metal carbonate, followed by calcination and
hydrogen reduction.
20. The process according to claim 17 wherein the
copper-based.catalyst is a catalyst obtained by the
mixing method and is prepared by adding an alkali
solution to a copper salt solution to form a

precipitate, and mixing an alkaline earth metal

AR




earth nmetal carbonate, followed by calcination and hydrogen reduction.

20. The process according to claim17 wherein the copper-based
catalyst is a catalyst obtained by the mixing nmethod and is prepared by
adding an alkali solution to a copper <@% -solution to forma

precipitate, and mixing an al kaline earth netal _ _

- 37 - carbosarbonatk whéhptbei preeipitatkl, ofielilbyedabyi calednatdod
hydr ogen reduction. 21. A copper-based catal yst obtained by a
copr eci pi t at i 8AAnByAsagesnsedyrkdonddi ng an al kali solution to a m xed
solution of a_copper salt and an al kaline_earth netal _salt to cause
copreci pitati®hs and cBl EPRPRY-PAgedccatalxgtppREainediRY 2ol | owed by

avcording to GhrRr bt akton R&Enos eamor iaindoRaa LR banALER Lot o 11 om
hydr ogen car beosr L0886 &"nfxt], boTEkTbn"BE B780EREF) 8B0s BBHGPR To ol aim
iical | motal SokESRRECCAF LR hataTkARE LU'LRRke BopLEGToIERELON, 'bhd "
cccording, 10 sBeTniAg. chbcresiLthngoaRenthithes, ORatrblgd by el | ol udes
g wth a silica carrier, betweén ca g p p
cal ci ni ng t hehy@sogéhnge@u8€ibht #i€h hydrogen.
22, . The copper-based catalyst according to claim
21, an alkali is at least one compound selected from the
group consisting of an alkali metal carbonate and an
alkali metal hydrogen carbonate.
23, The copper-based catalyst according to claim
21, wherein the coprecipitation method further includes
mixing with an alkali metal compound solution. -
24, The copper-based catalyst according to claim
21, wherein the coprecipitation method further includes.
mixing with a silica carrier, between causing
coprecipitation and calqining the resulting precipitate.
25. A copper-based catalyst obtained by a
precipitation method comprising suspending an alkaline
earth metal carbonate in a copper salt solution, adding
thereto an alkali solution to precipitate copper and
support the same on the alkaline earth metal carbonate,
followed by calcination and hydrogen reduction with
hydrogen.

26. The copper-based catalyst according to claim

25 wherein an alkali is at least one compound selected
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25. Ac
conprising s
splution, ad
support the

cal ci nation

copper - based
one conpound
nmetal carbon

following c
copper - based
i ncl udes suspgar
in a copper
nmet hod conpr
forma preci
precipitate,

opper - based catal yst obtained by a precipitation nmethod

uspending an al kaline earth netal carbonate in a copper salt
ding thereto an alkali solution to precipitate copper and

sanme on the al kaline earth-nB8at carbonate, followed by
and hydrogen reduction with hydrogen. 26. ~The
from| the growp dcomsistingiof &5 aticari metralbl datbonstat

| east

sel ect ed -38- fromthe group consisting of an al kal i

and amebkrakl knetaleypdrogen occrrbezatenate.  27. The
copper - based catalyst accordlng to claim 25, wherein the precipitation
met hod furthet? 1nc|udesfII ?nGQPEFWWQéﬁQ#1Qﬂﬂ@iystn§Qﬂ°tﬁﬂnsnknjQiﬂlnl(Jn

t ductj on Ih h d rogen
EOLE Che TRre e v ab e

r@ﬂFFQQEa%RE%RQEﬁng step

s;*?%ff@ Bk BA U0 £9 ét%%eé%necarc? ek lvaf‘rmtg
oy sa S
:mccdtlgfche ﬂgﬁ %%ét%%i @&i; Fé {) car bonat e with the

2d ol | owed he CHpperiBated th tMdFQIH: Cﬁ“i%ﬁ{d B W m

hydr ogen. 30. . - The copper-based catal yst™ accor

25, wherein the suspending step includes suspending an

alkaline earth metal carbonate and a silica carrier in a

copper salt.

29. A copper-based catalyst obtained by a mixing
method comprising adding an alkali solution to a copper
salt solution to form a precipitate, and mixing an
alkaline earth metal carbonate with the precipitate,
followed by calcination and hydrogen reduction with
hydrogen.

30. The copper-based catalyst according to claim

29, wherein an alkali is at least one compound selected -

from the group consisting of an alkali metal carbonate
and an alkali metal hydrogen carbonate.

31. The copper-based catalyst according to claim
29, wherein the mixing method further includes mixing
with an alkali metal compound solution, following
calcination and hydrogen reduction.

32. The copper-based catélyst according to claim
29, wherein the mixing step includes mixing an alkaline
earth metal carbonate and a silica carrier with the

precipitate.
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29, mhereln anﬁatkaL s _at Ieast one conpound selected fﬁ%ﬁﬂCﬁmgmm@HgET- .

copsistin of net al carbonate and an al kali mnetal o
--car bonat eg ngﬂtrﬁ’jmml jmm)ased cat al yst accordi n‘ %eclédén ....... 1995
wherein the n1X| includes mixing with an @ '.—-—uu-:
compound sol ution, follow ng calcination asd- hyo?e@éjmﬂteebltﬁttteebrt(Zﬂr/:BP/gS)
The copper-based catalyst according to claim 29, wherein the m xing step
i ncl udes mi xi n@.«an al kal iThe MQésmcaiowimmnm eckaih dl siwhere tarther

with the precipitate.
alkali metal compound is selected from the group

consisting of sodium carbonate, potassium carbonate and
sodium nitrate.

10. The process according to claim 1, wherein the
copper-based catalyst contains the alkali metal
compound(s) in an amount of 0.01 to 10 wt% in terms of
the alkali metal(s) before its reduction.

11. The process according to claim 1, wherein the
copper-based catalyst contains the alkali metal
compound(s) in an amount of 0.0l to 5 wt% in terms of
the alkali metal(s) before its reduction.

12, The process according to claim 1, wherein the
hydrogenation reaction temperature ranges from 50 to
200°C.

13. The procees according to claim 1, wherein the
hydrogenation reaction pressure ranges from 5 to 100.
atmospheres. |

14. The process according to claim 1, wherein the
weight ratio of the catalyst used for the hydrogenation
reaction to a material to be reduce& ranges from 0.001:1

to 0.5:1.

. 15. The process according to claim 1, wherein in
. hydrogenation ]
. the E%IE%%EESESS-reactlon, the feed rate (LHSV) of a
N - solution of a material to be reduced ranges from 0.1 to
AN 5h-1.
\\.-‘ :
. 16. The process according tc clalm l, whereln 1n

’ .\‘\.._ AR . endtl ;
the %ﬁggggﬁétgga-reactlon, the amount of hydrogen used



