SPECI FI CATI ON ™ TLE OF THE | NVENTI ON Copper Catal yst for the Hydration of
Netrile and Preparation Thereof BACKGROUND OF THE | NVENTI ON 1. Field of
the Invention: This invention relates to a catalyst useful for the
production of an am de by the hydration of a nitrile, a nmethod for
preparing the catalyst, and a process for producing am des by reacting
nitriles wwth water in the presence of the catalyst. 2. Descri ption of
the Related Art: It is a public know edge to produce am des by react- ing
‘nitriles with water in the presence of a catalyst. There are discl osed
processes for produci ng acryl ani dSPBCIRECAZEON am de by the hydration of
acrylonitrile or netha- crylonitrile in the presence of, for exanple, a
copper hydri de deconposition catalyst in Japanese Patent Publica- tion No.
43924/ 1978, a reduced copper catalyst in Japanese Patent Publication No.
39409/ 1978, a partially devel ﬁﬂﬁé?n%dﬂﬁg?mgﬁpﬁlyst in U S. Patent No.
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and Preparation Thereof

BACKGROUND OF THE.INVENTION
1. Field of the Invention:

This invention relates to a catalyst useful for the
production of an amide by the hydration of é nitrile, a .
method for preparing the catalyst, and a process for
producing amides by reacting nitriles with water in the
presence of the catalyst.

2. Description of the Related Art:

It is a public knowledge to produce amides by react-
ing nitriles with water in the presence of a catalyst.
There are disclosed processes for producing acrylamide or
methacrylamide by ﬁhe hydration of acrylonitrile or metha-
crylonitrile in the presence of, for example, a copper
hydride decomposition catalyst in Japanese Patent Publica-
tion No. 43924/1978, a reduced copper catalyst in Japanese
Patent Publication No. 39409/1978, a partially developed |
Raney copper cétalyst in U.S. Patent No. 3920740, or a
reduced copper catalyst whose precursor is a coprecipitate
containing Si, W, Hg, La, %Zr, Cd, Al, Pb, Mg, Fe, Mn, Co,
Ni, Zn and/or Y in addition to Cu in Japanese Patent

-



cont ai‘ni ng

Si, W Hg,.La, Zr, Cd, A, Pb, My, Fe, Mr, Co, Ni,. Zn and/or Y

in addition to Cu in Japanese Patent -2- Publication No. 41241/ 197
Furt her, Journal of Cataly- sis, vol. 69, p. 44 discloses a process f
produci ng am des by the reaction of nitriles with water in the presen

a catal yst

conpri sing copper supported on a silica-alumna carrier.
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Japanese Patent Laid-Open No. 31742/ 198 ,-there is disclosed a process for
producing acryl anide or nethacrylam de by the hydration of acryloni-

or nethacrylonitrile, using as a catalyst a copper colloid obtained b
treating a Rxpblegatsion Ne+ 1l M87 1y oftwrtthernf Jomraladalof @atalyer an
al kaline earth netal in thelﬁ%espnce of a polyner having a protective

colloid fLNﬁ&?(HV°¥Ht@%udh t
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c.ai ysts w th a hjigher act|V|t and hlk%her s,eletgl'elwty h
%ﬁ%ﬁﬁ#@' ' t he pr

eseﬁgéngfia catalyst comprising copper supported on a

silica-alumina carrier. 1In Japanese Patent Laid-Open No.
31742/1984, there is disclosed a process for producing
acrylamide or methacrylamide by the hydration of acryloni-
trile or methacrylonitrile, using as a catalyst a copper

colloid obtained by treating a copper salt with the hy-

trile
y

hi gh

ave
esent

droborate of an alkali metal or an alkaline earth metal in

the presence of a polymer having a protective colloid
function. Although these copper catalysts shows relative-
ly high activities, catalysts with a higher activity and

higher selectivity have been desired.

OBJECT AND SUMMARY OF THE INVENTION

An object of the present invention is to provide a
catalyst which is highly active and capable of synthesiz-
ing desired amides highly sélectively in the reaction of
nitriles with water. Another object of the present inven-
tion is to provide a process for producing desired amides
by reacting nitriles with water with an increased effi-
ciency and in a high selectivity.

The present invention provides a method for prepa:ing
a copper catalyst for the hydration of'a nitrile which

comprises reducing a precursor containing copper and



catalyst which is highly active and capabl e of synthesiz-
aim des highly selectively in the reaction of nitriles with water.
inven- tion is to provide a process for producing
desired am des by reacting nitriles with water with-an increased effi-

obj ect of the present

i ng desired
Anot her

ciency and in a high selectivity. The present invention provides a method

for

conpri ses reducing a precursor containing copper and
not containing substantially malachite and al um num hydr oxi de.

preparing a copper catalyst for the3hydration of a nitrile which
-3- al um num and
Furt her,

t he

present i nvaHREHR R4 et cenppiningsuatantballe nalachiteh aid a nitrile
whi ch is obtained by r duc1$% a precursor containing copper and al um num
sﬁﬂ§¥ t

and not corftbminm
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|y mal achite and al um num hy- droxi de.
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anitrile in the

lcatalyst for the hydration of a nitrile which is obtained
by reduciﬁg a precursor containing copper and aluminum and
not containing substantially malachite and aluminum hy-
drokide. |

Furthermore, the present invention provides a process
for the hydration of a nitrile in the presence of a copper
catalyst obtained by reducing a precursor containing
copper and aluminum and not containing substantially
malachite and aluminum hydroxide.

Use of a copper catalyst obtained by reducing a
precursor containing copper and aluminum and not contain-
ing substantially malachite and aluminum hydroxide permits
the synthesis of desired amides with a high productivity
and in a high selectivity in the reaction of nitriles with
water.

Use of a copper catalyst obtained by reducing a
hydrotalcite-like phase precursor containing copper and
aluminum and not containing substantially malachite and
aluminum hydroxide permits the synthesis of desired amides
with a high productivity and in a high selectivity in the

reaction of nitriles with water.

BRIEF DESCRIPTION OF THE DRAWINGS



cat alsyst obtained by reducing a precursor containing copper and al um num
and not containing substantially malachite and al um num hydroxi de. Use of a
copper catal yst obtained by reducing a precursor containing copper and

al um num and not contain- ing substantially malachite and al um num

hydr oxi de permits the synthesis of desired am des with a high productivity
and in a high selectivity in the reactd on of nitriles with water. Use of a
copper catal yst obtained by reducing a hydrotalcite-|li ke phase precursor
cont ai ni ng copper and al um num and not contai ning substantially_ malachite

and al umi num hyfdv®xid@iFasiinf nareds phanrntd 5f spesitraa 4R ¥84hi 81 a high
ater . BRI RESGREFATRAGE AT GoRIadhe alpniy Byfosddd. mia oq
ﬁ?;?ggf idgflsgl)%il "Lpddbd¥id i Wi dH ar? AEE N hydPox3 3 Fndigdd ;3 um num

formed, and c) is for a single aluminum hydroxide phase

prepared for comparison by a precipitation method.

Fig. 2 shows an X-ray diffraction for an undeveloped
hydrotalcite-like phase; Fig. 3 gives an X-ray diffraction
for a hydrotalcite-like phase developed by aging; and Fig.

4 denotes an X-ray diffraction for an undeveloped hydro-

talcite-like phase with malachite mixed.

DETAILED DESCRIPTION OF THE INVENTION

The precursor containing copper and aluminum and not
containing substantially malachite and aluminum hydroxide
can be prepared by mixing an alkali with an aqueous metal
salt solution containing a copper salt and an aluminum
salt.

| Nitrates-are generally used as the metal salt, but
chlorides, sulfates, organic acid salts and the like may
also be used.

The copper may be replaced by ions of a divalent
metal such as Be, Mg, Ni, Co, Zn, Fe, Mn, Cd or Ca in an
optional proportion. The aluminum may be repléced by ions
of a trivalent metal such as Ga, Ni, Co, Fe, Mn, Cr, V,
Ti, In or La in an optional proportion.

It is necessary for the aqueous metal salt solution



is for a precursor in which an al um num hydroxi de phase is forned, and c)

i's for a single alunm num hydroxi de phase prepared for conparison by a
precipitation nethod. Fig. 2 shows an X-ray diffraction for an undevel oped
hydrotal cite-1i ke phase; Fig. 3 gives an X-ray diffraction for a

hydrotal cite-1i ke phase devel oped by aging; and Fig. 4 denotes an X-ray
diffraction for an undevel oped hydro- batcite-like phase wth mal achite

m xed. DETAI LED DESCRI PTI ON OF THE | NVENTI ON The precursor containing
copper and al um num and not containing substantially malachite and al um num
hydr oxi de §8nhBEepP§péF8815yrﬁF*Pn§fagraVﬁéPPtmm?ﬁagnlaﬁ%eﬁﬁsdhﬁ?al sal t
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Proportiong;241/1977 discloses in its specification a hydration
reaction of a nitrile by the use of a catalyst obtained by
reducing a precursor comprising copper and aluminum. The
atomic ratio of aluminum to copper is 15/85 in the cata-
lyst described in Example 7 of the specification, and the
precursor obtained by the preparation method described
therein contains malachite as illustrated in the catalyst
9 described below. Therefore, even if the hydration of a
nitrile is carried-out by the use of the catalyst obtained
by reducing the precursor, sufficient activity and selec-
tivity cannot be secured.

As the alkali, it is possible to usé the carbonate or

.hydrogencarbonate of at least one alkali metal selected
from the group consisting of lithium, sodium, potassiom,
rubidium and cesium, ammonium carbonate and ammonium
hydrogencarbonate. In order to prevent the formation of
an copper-ammine complex, it is preferable to use the
carbonate or hydrogencarbonate of at least one alkali
metal selected from the group consisting of lithium,
sodium, potassium, rubidium and cesium. When sodium
hydroxide or potassium hydroxide is used alone or as a

mixture with the carbonate or hydrogencarbonatae of the



It is<necessary for the agueous netal salt solution -5- to have an
atomc ratio of trivalent netal ions to diva- lent netal ions in the range
of from20/80 to 45/55, preferably of from25/75 to 30/70. For exanple,
Japanese Patent Publication No.. 41241/1977 discloses in its specification a
hydration reaction of a nitrile by the use of a catal yst obtained by
reduci ng a precursor conprising coppet @nd alum num The atom c ratio of
alum numto copper is 15/85 in the cata- |yst described in Exanple 7 of the
specification, and the precursor obtained by the preparation nethod

descri bed tdlree+descxibed atkathinetab as|the ratkalin aluminum| yst 9
descri bed bel ow. Therefore, even if the hydration of a njtrile is carried

out by the hpdroxidecisaferged and stherefire ebticisigndrsbrakle o the
sufficient activity, and selec- tivit annot be secured. As the alkali, it
i s possi bl PEFWE THECREFBBNES 17 %‘b"@e"ﬁf&%’réﬁ LHPL2FTHEE one
alkall mety . ebe£881

For instance, Solid States Ionics, vol. 22, p. 138
(1986) describes the formation of a hydrotalcite-like
phase comprising copper and aluminum. However, since a
mixture of sodium hydroxide and sodiﬁm_éarbonate is used
as the alkali, the resultant preéursor contains aluminum
hydroxide as illustrated in the catalyst 10 described
below. Therefore, even if the hydration of a nitrile is
carried out by the use of a.catalyst obtained by reducing
the precursor, sufficient activity and selectivity cannot
be secured. Further, when the reaction is carried out in
a liquid flow system, a filter for separating the catalyst
from the reaction fluid is disadvantageously caused to
clpg.

It is necessary to use the alkali in an amount of an
equivalent or more, preferably of from an equivalent to
two equivalents, relative to the metal salt. Use of the
alkali beyond necessity is unfavored, because it reduces
the rate of removing carbonates upon washing.

The alkali may be used in the state of a solid, but
is preferably used in the state of an aqueous alkali
solution.

To mix the aqueous metal salt solution with the



from the group consisting of |ithium sodium potassiom rubidium and

cési um ammoni um car bonat e and ammoni um hydr ogencarbonate. 1n order to
prevent the formation of an copper-anmm ne conplex, it is preferable to use
t he carbonate or hydrogencarbonate of at |east one al kali netal selected
fromthe group consisting of |ithium sodium potassium rubidium and

cesi um Wen sodi um hydroxi de or potassvum hydroxide is used alone or as a
m xture with the carbonate or hydrogencarbonatae of the - 6-
above-described al kali nmetal as the alkali, alum num hydroxide is forned
and t her ef cagueougsalhadii sabntion, t heepaguepus| alleali osoletice Bavi um
hydr oxi de or potassi um hydroxi de. For instance, Solid States |onics, vol.
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precursor o8& Egngluglgernatlvely, the agueous metal salt solution

and the aqueous alkali solution may be added at the same
time.

No particular limitation is imposed on the slurry
concentration upon forming the precipitate, and a concen-
tration of 1 to 5% by weight is generally used. The
precipitate is commonly prepared at a temperature of 30°C
or below. Preparation of the precipitate at a high tem-
perature leads to the formation of malachite and therefore
it is preferable to prepare the precipitate at a low
temperature.

It is important in obtaining a coprecipitate not
containing substantially malachite and/or aluminum hydrox-
ide to remove useless carbonates as soon as possible by
quickly separating the precipitate formed by mixing an
aqueous metal salt solution with an agqueous alkali solu-
tion through filtration and then washing the precipitate
so separated. The washing is usually carried out by
repeéting an operation of repulping and filtration until
the pH of the washings becomes nearly neutral.

To cause a hydrotalcite;like phase to grow, useless
carbonates are removed as soon as possible after preparation

of the precipitate and then the precipitate is aged. The



hydroxide as illustrated in the catal yst 10 descri bed bel ow. Therefore,
even if the hydration of a nitrile is carried out by the use of a catalyst
obt ai ned by reducing the precursor, sufficient activity and selectivity
cannot be secured. Further, when the reaction is carried out in a liquid
flow system a filter for separating the catalyst fromthe reaction fluid
I s di sadvant ageously caused to clog- Bt-is necessary to use the alkali in
an armount of an equivalent or nore, preferably of froman equivalent to two
equi valents, relative to the netal salt. Use of the alkali beyond necessity
i s unf avoagingbhésagffectededticestehperaturef ofefivomn§08Er bon208s °CGpon
washi ng. The al kali may be useg in the state of a solid, but is preferably
used in t pEeferablyf ofnfxaMme80SCatRalkR0S6) ut I6ntakesnild MhBULEEeOYs net al
salt solution with the -3- aﬂueous al kali solution,_ the agueous al kal
sol uti on Wage: preferably 30 minutes or more, to age the precip-
itate. '
The precursor containing copper and aluminum and not
containing substantially malachite and aluminum hydroxide
is preferably of a hydrotalcite-~like phase.
The precursor containing copper and aluminum and not
containing substantially malachite and aluminum hydroxide,
in which the atomic ratio of trivalent metal ions to
divalent metal ions is in the range of 20/80 to 45/55, can
be prepared by mixing the alkali with an aqueous solution
containing copper and aluminum, in which the atomic ratio
of trivalent metal ions to divalent metal ions is in the
range of 20/80 to 45/55, to form a precipitate.
Further, the precursor containing copper and aluminum
and not containing éubstantially malachite and aluminum
hydroxide, in which the atomic ratio of trivalent metal
ions to divalent metal ions is in the range of 25/75 to
30/70, can be prepared by mixing the alkali with an aque-
ous solution containing copper and aluminum, in which the
atomic ratio of trivalent metal ions to divalent metal
ions is in the range of 25/75 to 30/70, to-form a precipi-
tate.

In the present invention, the precursor is reduced to

prepare a catalyst, and the reduction is carried out in



be added to the aqueous netal salt solution, or the aque- ous netal salt
solution may be added to the aqueous al kali solution. Alternatively, the
aqueous netal salt solution and the aqueous al kali solution nay be added at
the same tinme. No particular limtation is inposed on the slurry
concentration upon formng the precipitate, and a concen- tration of 1 to
5% by weight is generally used. The préockpitate is commonly prepared at a
tenperature of [err] or below. Preparation of the precipitate at a high
tem perature |eads _to the formation of malachite and therefore it is
pref er abl e2P¥ pfepaldIRd pregrfi Pheseat HyHsRILBmpEr SPARENLyt usedi nport ant

i n obtainin coprecipitate not containing substantially malachite and/or
alyninunlhﬁgr29$ g&é“FE“FeﬁE@Etus§P§s§a5b980ﬂ8P8§l §:s88M°R42posi bl e by
01 it 1 o v PHon 3380 o AP BaKaRos oRTHRAGLBR T B PPRPEDHSRAA Bhen
o SRBSS By TR HUt AT U kS ) 8165, 00
washi ngs bggogeggneaihy ReHhbRion temperature is generally in the '
range of from 100 to 500°C, preferably of from 150 to 300
°C, in the gas phase. The reduction time is preferably in
the range of from 1 minute to 30 hours, particularly of
from 10 minutes to 15 hours. Further, in the liquid
phase, the reduction is usually effected at a temperature
of from 10 to 300°C, preferably of from 25 to 100°C. The
reduction time in the liquid phase is generally from 30
seconds to 30 hours, preferably from 1 minute to 15 hours,
depending on the kind of the reducing agent used. No
particular restriction is placed on the concentration of
the reduciné agent. However, a low concentration.is
preferred so as to contfol sintering of the copper.
The pressure upon reducing the precursor is not
| particularly limited. The reduction may be effected underx
vacuum, at atmospheric pressure or under pressure.
The hydration reaction according to the present
invention may be effected in a liquid phase as a batch
reaction of a flow reaction.
Where the hydration is effected in a liquid phase as

a flow reaction in the presence of a catalyst obtained by

reducing a precursor having not been aged, clogging is



To cause a hydrotalcite-like phase to grow, useless carbonates are renoved
as soon as possible after preparation of the precipitate and then the
precipitate is aged. The -8- aging is effected at a tenperature of from
[err] to [err], preferably of from[err] to [err]. It takes 10 m nutes or
nore, preferably 30 mnutes or nore, to age the precip- itate. The
precursor containing copper and al um anuppand not containing substantially
mal achite and al um num hydroxide is preferably of a hydrotalcite-like
phase. The precursor containing copper and al um num and not containing
subst anti al FLabhéatdi becandatl the nfiil hgdrpartiefornsepacating them c ratio
of trivalent nmetal ions to divalent nmetal ions is in the range of 20/80 to
45/ 55, can ¢atateshr fuowythexregctienafkaid. w On the agorbuary¥el Withna
cont ai ni ng coEper and alum num in which the atomc ratio of trivalent
netal ions €3talyarepbPtadhad bPynseducing:dcgravmeupfhydretaleieriike o
forma preciﬁ)itate. .. . . .
phase not containing substantially malachite and aluminum
hydroxide, no clogging takes place advantageously at the
filter.

No particular limitations are placed on the nitrile
used in the hydration reaction according to the present
invention. Illustrative examples of the nitrile include
saturated aliphatic nitriles such as acetonitrile and
propionitrile, unsaturated aliphatic nitriles such as
acrylonitrile and methacrylonitrile, and aromatic nitriles
such as benzonitrile and nicotinonitrile.

Compounds which can be produced by the present inven-
tion are amides corresponding to the nitriles, which are
formed by adding water to the nitriles.

The hydration of nitriles according to the present
invention may proceed at room temperature or even at a
temperature below room temperature. However, the rate of
reaction can be increased by raising the temperature of
the reaction. A preferred temperature range is from 50 to
300°C, particularly from 50 to 150°C. The reaction time
in a batch reaction is from 10 minutes to 20 hours, pref-
erably from 30 minutes to 10 hours. The residence time in
a flow reaction is from 10 minutes to 20 hours, preferably

from 30 minutes to 10 hours.



Further, the precursor containing copper and alum num and not containing
substantially mal achite and al um num hydroxide, in which the atomic ratio
of trivalent metal ions to divalent netal ions is in the range of 25/75 to
30/ 70, can be prepared by mxing the alkali with an aque- ous solution

cont ai ni ng copper and alum num in which the atomc ratio of trivalent

nmetal ions to divalent metal ions is imihe range of 25/75 to 30/70, to
forma precipi- tate. In the present invention, the precursor is reduced to
prepare a catal yst, and the reduction is carried out in -9- any of a
liquid or gas phisepariyiicwlEn restoieniby iseihpesédieon echisi gowmgense but
carbon nonoxi de, ammonia, a |ower al kane, a | ower alkanol,.heraZ|ne, a
hypophosphitthe wakrmimsrst okn hyhke | kigdzateion tieact tonmecording i te vy al so
be used. The reductjon ten(gerature is generally in the range of from 100 to
[err], prefRASRANE YRR tHPYRPY orflie WatemanajaPrsEarablvicbe educt i on
time is pred‘seerd'i bJJ.IY an' amount of several moles to several ten moles
for each mole of the nitrile.

The hydration reaction according to the present
invention readily proceeds at atmospheric pressure, but it
may also be carried ouf under pressure.

The present invention will be illustrated more
specifically by the following examples.

Examples:
I. Preparation of catalyst:
Catalyst 1:

First, 0.14 mole of Cu(NO3)5¢3H50 and 0.06 mole of
Al (NO3)3+9H,0 were dissolved in water to a total volume of
300 ml. Then, 0.345 mole of sodium carbonate was
dissolved in water to a total volume of 300 ml. The
above-described aqueous metal salt solution and aqueous
alkali solution were fed to a vessel with a stirrer in the
same amounts by means of their respective quantitative
pumps.to prepare a precipitate. Immediately after
completion of the addition, the precipitate was separated
from the mother liquor by filtration. Continuously and
directly, the precipitate was repulped repeatedly and
washed until the washings became neutral. It took 2 hours

to wash the precipitate. After the washing, the



the range of from1 mnute to 30 hours, particularly of from 10 m nutes to
15 hours. Further, in the liquid phase, the reduction is usually effected
at a tenperature of from10 to [err], preferably of from25 to [err]. The
reduction tinme in the liquid phase is generally from 30 seconds to 30
hours, preferably from1l mnute to 15 hours, depending on the kind of the
reduci ng agent used. No particular restpistion is placed on the
concentration of the reducing agent. However, a |ow concentration is
preferred so as to control sintering of the copper. The pressure upon
reduci ng tpeepipttaterwas dviegaati tLP3C| fori i hewrs TheTheducti on may be
ef fected under vacuum at atnospheric pressure or under pressure The
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spectroscopic measurement revealed that no aluminum

hydroxide was present in the precipitate. The precursor

thus dried was transferred to a furnace where it was

heated gradually in a gas stream of 10% hydrogen and 90%

nitrogen to 200°C at which it was reduced for 5 hours to

obtain a catalyst.

Catalyst 2:

A catalyst was prepared in the same manner as in the
preparation of the catalyst 1 except that 0.16 mole of
Cu(NO3),-3H50 and 0.04 mole of Al(NO3)3-9H,0 were used in
place of 0.14 mole of Cu(NO3)5+3H50 and 0.06 mole of
Al (NO3)3°9H50 and 0.33 mole of sodium carbonate was used in
place of 0.345 mole of sodium carbonate. The composition
of the resultant precursor was of an uﬁdeveloped hydrotal-~
cite-like phase. An infrared spectroscopic measurement
revealed thaﬁ no aluminum hydroxide was present.

Catalyst 3:

A catalyst was prepared in the same manner as in the
preparation of the cétalyst 1 except that 0.11 mole of
Cu(NO3)5°3H,0 and 0.09 mole of Al(NO3)3-9H20 were used in
place of 0.14 mole of Cu(NO3),*3H,0 and 0.06 mole of

Al (NO3)3°9H50 and 0.37 mole of sodium carbonate was used in



- 10- liable to occur at the filter part for separating the catalyst from
the reaction fluid. On the contrary, with a catal yst obtained by reducing a
grown-up hydrotal cite-1i ke phase not containing substantially malachite and
al um num hydr oxi de, no cl oggi ng takes place advantageously at the filter.
No particular limtations are placed on the nitrile used in the hydration
reaction according to the present inveidBion. Illustrative exanples of the
nitrile include saturated aliphatic nitriles such as acetonitrile and
propionitri#e, uniaQUégéed | iphatic . nitriles such as acrylonitrile and
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I nventi on nmay procee t roomtenperature or even a tenperature bel ow
room t enpergbds fed HEMB¥ Cho hNEmEALR R{AEE2EHEORaE2BrB8ehBCr €ased by raising

the tenperature of the reaction. A preferred tenperature range is from 50
to Catalyst 4:

A catalyst was prepared in the same manner as in the
preparation of the catalyst 1 except that potassium
carbonate was.used in place of sodium carbonate. The
composition of the precursor after the drying was of an
undeveloped hydrotalcite-like phase. An infrafed
spectroscopic measurement revealed that no aluminum
hydroxide was present.

Catalyst 35:

A catalyst was prepared in the same manner as in the
preparation of the catalyst 1 except.thét the slurry
obtained after the washing was aged at 100°C for 2 hours.
The composition of the precursor after the aging was found
to be of a grown-up hydrotalcite-like phase as a result of
an X-ray diffraction measurement. An infrared spectro-
scopic measurement revealed that no aluminum hydroxide was
present.

Catalyst 5:

A catalyst was prepared in the same manner as in the
preparation of the catalyst 5 except that 0.12 mole of
Cu(NO3)5+3H50 and 0.04 mole of Al(NOj3)3+9H,0 were used in
place of 0.14 mole of Cu(Nd3)2-3H20 and 0.06 mole of



[err], particularly from50 to [err]. The reaction tinme in a batch
reaction is from10 mnutes to 20 hours, pref- erably from30 mnutes to 10
hours. The residence time in a flowreaction is from10 mnutes to 20
hours, preferably from 30 mnutes to 10 hours. No particular restriction
I's inposed on the amount of the water used in the hydration reaction
according to the present invention. Howswver, the water may preferably be
used in an anmount of several noles to several ten noles for each nole of
the nitrile. The hydration reaction according to the present invention
readily prdeed¥fz g Wiz Akl Rhmakaas sadiunt carposlate hascasedednout
under pressure. The present invention will be illustrated nore specifically
by the fol RMGR %&éﬁﬁ"e‘%.m%@arﬁﬁ gtodijum cal#fm@rt@c-i offhef cempgisjidionCat al yst
d 0.06 nole o

1. First, (%fh%ﬂgﬂéiégugégg]afggr the aging was found to be of a
grown-up hydrotalcite-like phase as a result of an X-ray
diffraction measurement. An infrared spectroscopic meas-
urement revealed that no aluminum hydroxide was present.
Catalyst 7: |

A catalyst was prepared in the same manner as in the
preparation of the catalyst 1 except that a mixture of
0.12 mole of Cu(NO3)5+3H,0 and 0.02 mole of Zn(NO3)5*6H50
was used in place of 0.14 mole of Cu(NO3),3H50. The
composition of the precursor after the drying was found to
be of an undeveloped hydrotalcite-like phase as a result
of an X-ray diffraction measurement. An infrared spectro-
scopic measurement revealed that no aluminum hydroxide was
present.

Catalyst 8:

A catalyst was prepared in the same manner as in the
preparation of the catalyst 1 except that ammonium carbonate
was used in place of sodium carbonate. The composition of
the precursor after the drying was of an undeveloped
hydrotalcite-like phase. An infrared spectroscopic

~measurement revealed that no aluminum hjdroxide was
present.

Catalyst 9:

First, 0.17 mole of Cu(NO3),¢3H,0 and 0.03 mole of



[err]: were dissolved in water to a total volunme of 300 ml. Then, 0.345 nole
of sodi um carbonate was dissolved in water to a total volune of 300 m. The
above-descri bed aqueous netal salt solution and aqueous al kali sol ution
were fed to a vessel with a stirrer in the sane anounts by neans of their
respective quantitative punps to prepare a precipitate. Inmediately after
conpl etion of the addition, the preci.phkate was separated fromthe nother
liquor by filtration. Continuously and directly, the precipitate was

repul ped repeatedly and washed until the washings becane neutral. It took 2
hours to walfiNORg jpoEGOpWeate didbbarvetihénnwdagi md, ofheater~ 1%hphecipitate
was dried at [err] for 5 hours. The conposition of the resultant

preci pitat 8.-2as foded ofo apmopfiuan candponeitepwdshydseodiedt én| #RO phacé as a
result of an X-ray diffraction nmeasurenent. An infrared spectroscopic
nmeasur enen¥at@¥eal FBet RILCRYSaPERAUSRRFd BOL G ORa 3P EBENRANAOVAE

recipitate_. T recur,sor
P P alkagg go ution were added simultaneously to a vessel with

a stirrer. After completion of the addition, the mixture
was stirred continuously for about 30 minutes. The pre-
cipitate so obtained was separated by filtration and
repulped repeatedly until the washings became neutral. It
took 2 hours to wash the precipitate. After the washing,
the precipitate was dried at 110°C for 5 hours. The
composition of the coprecipitate after the drying was
found to be of an pndeveloped hydrotalcite-like phase and
malachite-as a result of an X-ray diffraction measurement.
An infrared spectroscopic measurement clarified that no
aluminum hydroxide was present. The coprecipitate having
undergone the drying was baked at 280°C, allowed to cool,
and then heated gradually in a stream of 20% hydrogen and
80% nitrogen to 175°C at which it was reduced for 4 hours
to obtain a catalyst.

Catalyst 10:

A catalyst was prepared in the same manner as in the
preparation of the cataiyst 1 except that a mixture of
0.03 mole of sodium carbonate and 0.4 mole of sodium |
hydroxide was used in place of 0.345 mole of sodium
carbonate. The composition of the precursor after the

drying was of a hydrotalcite-like phase as a result of an



thus.dried was transferred to a furnace where it was heated gradually in a
gas stream of 10% hydrogen and 90% nitrogen to [err] at which it was
reduced for 5 hours to obtain a catalyst. Catalyst 2: A catal yst was
prepared in the sane manner as in the preparation of the catalyst 1 except
that 0.16 nole of [err] and 0.04 nole of [err] were used in place of 0.14
mol e of [err] and 0.06 nole of [err] -ad# 6. 33 nol e of sodi um carbonate was
used in place of 0.345 nole of sodium carbonate. The conposition of the

resul tant precursor s of an undevel oped hydrotal - cite-like phase. An
infrared s&%EFH@é%kﬁﬁ%;qﬁ%ﬂﬂumﬁﬁﬁﬂ?qmﬁyéaIe kaErage IﬁﬁFﬁGﬁPﬁ%&P&?ide was

br epar ai | oft g eent ol 4%, 435 HeREage, b2 BAC a1l "2 470 06 ol e
o o) WA Rallgee of 0, 14 o) e of [err] and 006 mole of (]
Catalyst 11:

A catalyst was prepared in the same manner as in the
preparation of the catalyst 1 except that 0.10 mole of
Cu(NO3)5+3H,0 and 0.10 mole of Al(NOj)3+9H,0 were used in
place of 0.14 mole of Cu(NO3),+3H,0 and 0.06 mole of
Al(NO3)3°9H50 and 0.37 mole of sodium carbonate was used in'
place of 0.345 mole of sodium carbonate. The compositioﬁ
of the resultant precursor was of an undeveloped hydrotal-
cite-like phase. An infraréd spectroscopic measurement
clarified the presence of aluminum hydroxide.

Catalyst 12:

A catalyst was prepéred in the same manner as in the
preparation of the catalyst 1 except that 0.18 mole of
Cu(NO3)2-3H20 and 0.02 mole of Al(NO;)3°9H,0 were used in
place of 0.14 mole of Cu(NO3)5+3H,0 and 0.06 mole of
Al (NO3)3°9H50 and 0.315 mole of sodium carbonate was used
in place of 0.345 mole of sodium carbonate. The
composition of the resultant precursor was of an
undeveloped hydrotalcite-like phase and malachite. An
infrared spectroscopic measurement revealed that no
aluminum hydroxide was present.

Catalyst 13:

A catalyst was prepared in the same manner as in the



- 13- place of 0.345 nole of sodium carbonate. The conposition of the
resul tant precursor was of an undevel oped hydrotal - cite-like phase. An

i nfrared.-spectroscopi c nmeasurenent reveal ed that no al um num hydroxi de was
present. Catalyst 4: A catalyst was prepared in the sane nanner as in the
preparation of the catalyst 1 except that potassium carbonate was used in
pl ace of sodi um carbonate. The conposi tion of the precursor after the
dryi ng was of an undevel oped hydrotal cite-Iike phase. An infrared
spectroscopi ¢ neasurenent reveal ed that no al um num hydr oxi de was present.
Cat al yst 5:prepatatiiost ofasthpe epralysth it resxcampte thatn @r. 0fs mod et lod
preparation of the catalyst 1 except that the slurry obtained after the

washi ng was g kg JHgQ jand 0 A hanle ofhAlddigpg Oito? yerehasgdeddr sor

Fesul t of Fiags B d 114 AP b N St A0St a DS mGIEC Oo- scopi ¢
r’reasurerTentA]!’(qQ/oe3a)l3e.d9ﬁ2i'k§ttar{1cP di.liﬁﬁrﬁloliné fytdrs%x'iq]% ‘Ybonate was used in
place of 0.345 mole of sodium carbonate. The composition
of the resultant precursor was of an undeveloped hydrotal-
cite-like phase. An infrared spectroscopic analysis
clarified the presence of aluminum hydroxide.
IT. General illustration with reference to drawings:
Fig. 1 gives infrared absorption spectra, in which a)
is for a precursor not containing aluminum hydroxide, b)’
is for a precursor in which an aluminum hydroxide phase
has béen formed, and c¢) is for a single aluminum hydroxide
phase prepared for comparison by a precipitation method.

Sharp peaks at 1387 cm~t

-1

and somewhat broad peaks at 1525
cm seen in b) and c) show the formation of an aluminum
hydroxide phase.

Fig. 2 shows an X-ray diffraction for an undeveloped
hydrotalcite-~like phase; Fig. 3 gives an X-ray diffraction
for a hydrotalcite-like phase developed by aging; and Fig.
4 denotes an X-ray diffraction for an undeveloped hydro-
talcite-like phase with malachite mixed. Measurements of
X-ray diffraction were made by means of a copper rotating
anode of 50 kV and 200 mA using a monochrometer as the de-

tecting element. In X-ray diffraction, where about 0.5%

or more of a crystal phase is mixed, it is possible to



present. Catalyst 6: A catalyst was prepared in the same manner as in the
preparation of the catalyst 5 except that 0.12 nole of [err] and 0.04 nole
of [err] were used in place of 0.14 nole of [err] and 0.06 nole of - 14
- [err] and 0.27 nole of sodium carbonate was used in place of 0.345 nole
of sodi um carbonate. The conposition of the precursor after the aging was
found to be of a grown-up hydrotalcitelBi ke phase as a result of an X-ray
diffracti on neasurenent. An infrared spectroscopic meas- urenent reveal ed
that no alrram num_h drOX|de was Eresent Cataly 7. Aﬁg?t al yst was prepared

in the sa eﬁﬁﬁﬂéP adti AePhzapP BéFéFFBﬁIXffFﬂ@ the fyEfraceieRpt that a
m xt ure of 2_nol e_of .[er and [err],was_usge pl ace of
0.14 nol e BPt%SFPI. %ﬁe %oﬁ%%gFtFSn o?l?ﬂgepréEuFEBrbgf?af g%agrying was
found to absolutely no malachite is present in Figs. 2 and 3.
Malachite is clearly present to a 1§rger extent in Fig. 4
and hence the catalyst 9 is not satisfactory in view of
activity.

III. Hydration reaction of nitrile:

Examples 1 to 8:

In a 100-ml glass reactor were charged 3 g of the
catalyst 1, 2, 3, 4, 5, 6, 7 or 8 and 65 ml of an aqueous
15.4% acrylonitrile.solution, and the contents were
reacted at 70°C for 2 hours while being stirred in a
thermostat. The products were identified by liquid
chromatography. The results are shown in Table 1.
Comparative Examples 1 to 5:

Reaction was carried out in the same manner as in
Example 1 except that the catalyst 9, 10, 11, 12 or 13 was

used in place of the catalyst 1 in the method of Example

1. The results are given in Table 1.



be of an undevel oped hydrotalcite-like phase as a result of an X-ray
diffraction neasurenent. An infrared spectro- scopic neasurenent reveal ed
that no al um num hydroxi de was present. Catalyst 8: A catalyst was prepared
in the sane manner as in the preparation of the catalyst 1 except that
ammoni um car bonate was used in place of sodium carbonate. The conposition
of the precursor after the drying was @8 an undevel oped hydrotalcite-like
phase. An infrared spectroscopi c neasurenent reveal ed that no al um num
hydr oxi de was present. Catalyst 9: First, 0.17 nole of [er] and 0.03 nole
of - 15 - [err] were dissolved in 400 m, of water. Then, 0.215 nole of
amoni um car bonate was di ssol ved in 400 TA#PL8f lwater. The aqueous netal salt
solution and the aqueous al kali solution were added sinultaneously to a

vessel with Example |Catalyst|M3*/M2* ©)|conversion 2)|Selectivity P)
1 1 30/70 | 72.4 99.3
2 2 20/80 68.4 99.6
3 3 -45/55 68.1 99.1
4 4 30/70 | 72.6 89.2
5 5 30/70 70.8 99.7
6 6 25/75 70.3 99.2
7 7 30/70 72.0 99.4
8 8 30/70 70.1 99.2
Comp. Ex.
1 | 9 15/85 41.2 99.3
2 10 30/70 65.3 99.2
3 11 50/50 61.5 99.2
4 12 10/90 51.2 99.2
5 13 70/30 43.6 9%.1

a) Acrylonitrile conversion (%)
b) Acrylamide selectivity (%)

c) Atomic ratio of trivalent metal ions to divalent metal ions



a stirrrer. After conpletion of the addition, the m xture—was stirre

A
continuously for about 30 m nutes. The pre- cipitate so | ]
separated by filtration and repul ped repeatedly until t‘m@ﬂmmmgm H!ﬂe
neutral. It took 2 hours to wash the precipitate. After ec Wasnimng s
precipitate was dried at [err] for 5 hours. Thé conposition of the
coprecipitate after the drying was feud@ +o be of an undevel oped

hydrotal cite-li ke phase and nmal achite-as a result of an X-ray diffraction
‘measurenent. An infrared spectroscopic neasurenment clarified that no

al umi num hYHREMS8e was present. The coprecipitate having undergone the
drying was baked at [err]. allowed to cool, and then heated gradually in a

?treanLof 20% hydr ogen™8 BoéP/?ﬁiPF%EﬁTF?Q>Te???P%E GhrEtYs T uged
4 [ ...LCa 10:. A 3 [
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t he sane ner as in ysS t a

m xture OTSQfOéﬂPé?“S‘F‘%Z@%?%C%‘?@%ﬂﬁM o‘ﬁa"g%.l' eﬁgﬂr{etél((}?%)o hydr oxi de

was used in place o sodi um car o ition of the

precur sor shbstahbfatliy AE14ERI 06 EndVALShPhGh IRpdideigdase as a result of

2. The method according to Claim 1 wherein the
precursor is one prepared by mixing an alkali with an
aqueous solution containing copper ions and aluminum ions
in which the atomic ratio of_trivalent metal ions to
divalent metal ions is in the range of from 20/80 to

45/55.

3. The method. according to Claim 1 wherein the
precursor is one prepared by miiing an alkali with an
aqueous solution containing copper ions and aluminum ions
in which the atomic ratio of trivalent metal ions to

aluminum ions is in the range of from 25/75 to 30/70.

4. The method according to Claim 2 or 3 wherein the
alkali is the carbonate or hydrogencarbonate of at least
one alkali metal selected from lithium, sodium, potassium,
rubidium and cesium, ammonium carbonate or ammonium hydro-

gencarbonate.

5. The method according to Claim 1 wherein the



- 16.- X-ray diffraction neasurenent. An infrared spectroscopic neasuLenent
clarified the presence of an al um num hydroxi de phase. Catal yst 11:

catal yst was prepared in the same nanner as in the premmm[“ﬁ‘!“l \ull!&“!L
catalyst 1 except that 0.10 nole of [err] and 0.10 nol ed
in place of 0.14 nole of [err] and 0.06 nmole of [err] and 6 mol e of

sodi um car bonate was used in place of @1345 nole of sodium carbonate. The
conposition of the resultant precursor was of an undevel oped hydrotal -
cite-like phase. An infrared spectroscopic neasurenent clarified the
presence oPTEFURBREMLEy@nexwhdchceontpsnsipriratant| pstakaiopseplfed in the
same manner, as_in the preparation of the catalyst 1 except that 0 18 nol e
of [err] afd&vel Gﬁtnﬂﬁéa&flPEFrinéPeaG§@a°|ﬁaEFacénthG Eﬂnﬂﬁlg of [err]

and 0.06 mpl e 0f/80 to 45/55.

6. The method according to Claim 1 wherein the
precursor is one which contains trivalent metal ions and
divalent metal ions in an atomic ratio in the range of

from 25/75 to 30/70.

7. The method according to Claim 1, 2, 3, 4, 5 or.6

wherein the precursor is of a hydrotalcite-like phase.

8. The method according to Claim 2, 3 or 4 wherein
the hydrotalcite-like phase is obtained by forming a
precipitate which is to be the precursor and then aging

the precipitate at a temperature of from 60°C to 200°C.

9. The method according to Claim 8 wherein the
temperature at which the precipitate is aged is from 80°C

to 120°cC.
10. A copper_catalyst for the hydration of a nitrile
which is obtainable by any one of the methods according to

Claims 1 through S.

11. A method for the hydration of a nitrile in which



[err]-and 0.315 nole of sodium carbonate was used in place of 0.345 nole of
sodi um car bonate. The conposition of the resultant precursor was of an 5
undevel oped hydrotalcite-li ke phase and nal achite. An i nﬂjﬂﬂﬂcﬂ“ﬂ"““ﬂlﬂ“l ’
spectroscopi ¢ neasurenent reveal ed that no al um num hydr .
Catal yst 13: A catalyst was prepared in the sanme manner as ifi the S 17 -
preparation of the catalyst 1 except thak 0.06 nole of [err] and 0.14 nole
of [err] were used in place of 0.14 nole of [err] and 0.06 nole of [err]

and 0.40 nol e of sodium carbonate was used in place of 0.345 nole of sodium
carbonat e. ¥he copperi chbtalybtt hecordihgaho Plaimr 30r isassed.an undevel oped
. hydrotal - cite-like phase. An infrared spectroscopic analysis clarified the

presence of al um num hydroxide. Il1. General illustration with reference to
drawings: Fig. 1 gives infrared absorption spectra, in which a)




is for a precursor not containing alum num hydroxide, b) is 10?”'&22%% BEEN_\
‘in which an al um num hydroxi de phase has been forned, and c) Hes—f a D

singl e al um-nmmshgednaﬁee}ﬂiaﬁliade prepared for conparison by a .preci pitation

met hod. - Shar p [err] and sonewhat broad peaks at 1525 [err]
seen in b) and

rmati on of an al um num hydr oxi de phase. Fig. 2
shows an X-ray ditrraction

or an undef8l eped hydrotalcite-li ke phase; ﬁig.
3 gives an X-ray diffraction for a hydrotalcite-like phase devel oped by
aging; and Fig. 4 denotes an X—ra¥ diffraction for an undevel oped hydro-

talcite-1i ke phase w th maPBEFRRET PR UHE\RESGEARURES of X-ray diffraction

- de b ' de of 50 kV.and 200 mA usi
monochr oret or  a0hBE 8- SOBBEFnGAERLRERt SOPALRSTahY oF PRRGLEFOR, wher e about
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preparation of amides with a high productivity and in a

high selectivity by the hydration of nitriles.



Mal achite is clearly present to a larger extent in Fig. 4 and hence the
catalyst 9 is not satisfactory in view of activity. IIl. Hydration reaction
of nitrile: Exanples 1 to 8: “In a 100-m gl ass reactor were charged 3 g of
the catalyst 1, 2, 3, 4, 5, 6, 7 or 8 and 65 mM of an aqueous 15.4%
acrylonitrile solution, and the contents were reacted at [err] for 2 hours
while being stirred in a thernostat.1fhe products were identified by liquid
chromat ography. The results are sho in Table 1. Conparative Exanples 1 to
5: Reaction was (cafried put in-the s nepner-as inwéxanple 1 except that

t he catal yst 9, lbk/;kf/EZ r Lé wapk yseld In |pl apcqg of"the catalyst 1 in the
met hod of Exanplle 7 [The fesulis [are givlen]in Tablje L. W’ 19 - Table 1
Exanpl e Catal yst [\e-u.]\icdnv«érsion a) [Seleqtitity p) o
\"\ - 1:l.|><
= 58
o x T
3 @
a1 53
| i
| <!
= 3
f <
§ Q
' g o &
\ % o
= 3 0 _
__‘____= [} <
—— £ O W s
< 25 S,
' A &)
%w oC »—p
, g & 5
(trf z O w L
=8 5
;f' a
D 0
g 5 g8 ° W
2 = g %
2
g -4
N\ s Z
— 3
— <
> = &
/l !
//” 2 O
x o
/ g 3
35
o 3
I
= o
g
3 2 28
8 ° °



1 ) 1 30/ 70 72.4 99.3 2 2 20/ 80

68. 4 99.6 3 3 45/ 55 68. 1 99.1 4
4 30/ 70 72.6 99.2 5 5 30/ 70 _
70. 8 99.7 6 6 25/ 75 70.3 99.2 7
7 30/ 70 72.0 99.4 8 8 30/ 70
70.1 99.2 Conp. Ex. 1 9 15/ 85 41. 2
99.3 2 10 30/ 70 65. 3 : 99.2 3 11
50/ 50 61.5 99.2 4 12 10/ 90 51.2
99.2 5 13 70/ 30 43.6;/ 99.1 a) Acrylonitrile
conversion (% b) Acryl am de selectivitﬁ'(@a C) Atomc ratio of
trival ent netal i onsgre—dirval-erst—pRtal—{-0Ra _—la ~§CLAINB:
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1. ‘A nmet hod for preparing a copper catalyst for the hydration of a
nitrile which conprises reducing a precur- sor containing copper and

al um num and not contai ning substantially malachite and al um num hydr oxi de.
2. The nethod according to Caim1l wherein the precursor is one prepared
by m xing an alkali with an agueous sol ution containing copper ions and
alum numions in which the atomc ratio of trivalent nmetal ions to dival ent
netal ions is in the range of from20/80 to 45/55. 3. The net hod
according to Claim1 wherein the precursor is one prepared by mnixing an

al kali with an aqueous sol ution containing €gpper ions and alum numions in
which the atomc ratio of trivalent netal ionS to alumgwumions is in the
range of from 25/ 75 t g—~38++0—4 he—ret-hodgaceeraing to Caim2 or 3

wherein the al kali is|the ca%bohate or hydrog@ncarbonpie of at | east one
al kali metal selectedffromlithium sodium pgtassiuni rubPdium and cesium
anmoni um car bonat e or | ammoni um hydr o- gencar hgnate. 5 fhe net hod
according to Claim1l wherein the -
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-,21 - precursor is one which contains trivalent netal ions and dival ent
netal ions in an atomc ratio in the range of from 20/80 to 45/55. 6. The
met hod according to Caim1l wherein the precursor is one which contains
trivalent netal ions and divalent netal ions in an atomic ratio in the
range of from 25/75 to 30/70. 7. The met hod according to Cdaim1, 2, 3,

4, 5 or 6 wherein the precursor is of a hydrotalcite-like phase. 8. The

met hod according to Claim2, 3 or 4 wherein the hydrotalcite-like phase is
obtained by formng a precipitate whigh is to be the precursor and then
aging the precipitate at a tenperatur&fof from[err] to [err]. 9. The

met hod according to Claim8 wherein the tenperature at which the
precipitate is aged i g-fremfertt—iofefrfi~Ibg—7~—eq@er catalyst for the
hydration of a nitrilg which is obtainable by gy one|@ the nethods
according to dainms 1|through 9. ]
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. _ o _ BEP CEMENT SHEET
11. A nmethod for the hydration of a nitrile in which - the COﬁper
catal yst according to Caim110 is used. ‘ " Date 04 _____ ARB%

COPPER CATALYST FOR THE HYDRATION
OF NITRILE AND PREPARATION THEREOF

ABSTRACT OF THE DISCLOSURE

Use éf a cbpper catalyst obtained by reducing a
precursor containing.cbpper and aluminum and not contain-
ing substantially malachite and aluminum hydroxide permits
p:epg;ation of amides with a;high productivity and in a

high selectivity by the hydration of nitriles.

Figure 1 _



