. INSTRUCTIONS

(a) If Conveiition
application insert
#‘Convention”

(b) De¢lete one

(¢) Insert FULL
name(s) of
applicant(s)

(d) Insert FULL
address(es) of
applicant(s)

(¢) Delete one

(f) Insert TITLE
of invention

&) Insert “‘complete'’
... or “provisional"’
T, ., 'or “petty patent”
k3
*

s
cr

e awa

? t
L3R N

(K ] L3
® ¥ [
1) te
(h) Insert number,
country and
filing date for
. the/ct cach
¢ basi¢ application

L]
©

oD o8
L)
® o

TEXLS DIREET N Bt

(l) Insert date
of signing

(j) Signature of
applicant(s)
(For body
corporate
se¢ headnate®)

(k) Corporate seal
if any

Note: No legalization
or other witness
required

)]

(®) NVENTION

0839

.“‘

Puatents Act

APPLICATION FOR A () STANDARDXPEFIA PATENT

X'We (c)

MITSUI TOATSU CHEMICALS, INCORPORATED

of ()
2-5, Kasumigaseki 3-chome,

Chiyoda-ku,
Tokyo,
Japan
hereby apply for the grant of a (¢) Standard/Retty Patent for an invention entitled

Q)
PREPARATION PROCESS OF ACRYLAMIDE

which is described in the accompanying (g) COMPLETE specification.

(Note: The following applies only to Convention applications)

Detaiis of basic application(s)

Application No. Country Filing Date
~ 316020/1987 Japan 16 December, 1987
330916/1987 Jédpan 26 December, 1987

APPLICAT! . ACCEPTED AND AMENDMENTS
ALLOWED s Zodeal o

Address for Service: PHILLIPS ORMONDE AND FITZPATRICK

PR T e W T Patent and Trade Mark Attorneys

Coed

367 Collins Street
Melbourne, Australia 3000

Dated (i) 7 December, 1988

(» PHILLIPS ORMONDE & FITZPATRICK
Attorneys for:
MITSUI TOATSU CHEMICALS, INCORPORATED

q;") Q /) ¢.«j~’ 4]
‘7:;;{;‘2,%,!,{/{; ‘.,‘ ‘iﬁz 4 .'19 e

£t

P17/2/8)

PHILLIPS ORMONDE AND FITZPATRICK
Patent and Trade Mark Attorneys
367 Collins Street

DF:CA Melbourne, Australia




V¥V INSTRUCTIONS

(a) Insert “‘Convention”
If applicable

(b) Insert FULL: name(s)

of applicant(s)

(c) lnsert “of additlon”
if applicable

(d) Insert. TITLE. of
invention

(¢) Insert FULL name(s)

AND' address(es) of
declarant(s)
(See headnote*)

(XXX ]
L[]

2000

neee
L]

(l) Insert FULL namefu)

address(es) o
®2%tual inventor(s)
oo
J [ 3 'S
(XXX}
.‘. .
L xﬂ&clte how_ appll-
¢ cant(s) dcrlvel(,s
title itom actual

invento
(Sce hcm{nole' L)

o oo
-

(k) Insert PLACE of
signing

(1) Insertt DATB of
signing

Slignature(s). of
(ea) d&lnnn(( ;

Noter No. legallzation ot

other witdess required

iy B b e s S S

AUSTRALIA

Patents Act

DECLARATION FOR A PATENT APPLICATION

In support of the ®) Convention application made by

(v .
MITSUI TOATSU CHEMICALS, INCORPORATED

(hereinafter called “applicant(s) for a patent © ‘ . for-an
invention entitled @ .

PREPARATION PROCESS OF ACRYLAMIDE

I/Wx ©
Masayoshi MISHIMA, of MITSUI TOATSU CHEMICALS -INCORPORATED
- of 2- 5, Kasumigaseki 3-chome,’ Chiyoda-—ku, Tokyo, Japan

do solemniy and sincerely declare as follows:

¥ x X d g R¥ecsaxect e np plicantitk
(or, in the case of an application by a body corporate)

-1, 1 am/Wexxarexauthorized to make this declaration on behalf of the applicant(#).
- exxkarp W s iz actnat inventar(gl ok Xh& xinxentinnx

(or, where the applicant(s) is/are not the actual mventor(s))
2,

See attached sheet

se/are the actual inventor(s) of the invention and the facts upon which the applicantfs)x
is/xve entitled to make the application are .as follows:
(8) : )

Applicant is the assignee of the actual inventors.

(Nole; Paragraphs 3 and 4 apply only to Convention applications)
3. The basic application¢g) for patent or similar protection on which the application is based
is/are identified by country, filing date, _and basic applicant(s) as follows: .

)
e Japan

16th December 1987, 26th December 1987.
MITSUI TOATSU CHEMICALS - INCORPORATED

4. Ths basic applucatnonj&) referred to in paragraph 3 hereof was/wese~the first applicationgs)
made in a Conventxon country in respect of the invention the subject of the application.

Declared at ® Tokyo, Japan
Dated O November 15, 1988

‘2&44;({«1‘%( %/A
Masayoshi MISHIMA

Representative Director-

To; “‘he Commissioner of Patents

P18/7/78

PHILLIPS ORMONDE & FITZPATRICK
Patent and Trade Mark Attorneys
367 Collins Street
Melbourne, ‘Australia

o L . . . e e —— ¢




Yoshihiko Kambara:

Itsuo Oonaka:

Koichi Asao:

Kyoko Fukushima:

INVENTORS

6-3-2-213, Higashihagoromo,
Takaishi-shi, Osaka-fu, Japan

1-32-21, Higashitoyonakacho,
Toyonaka-shi, Osaka-fu, Japan

517, Tazono, Sakai-shi, Osaka-fu,
Japan

B12-201, Shirasagi Danchi, 360,
Nojiricho, Sakai-shi, Osaka-fu, Japan



(12) PATENT ABRIDGMENT  (11) bocument No. AU-B-26700/88
(19) AUSTRALIAN PATENT OFFICE (10) Acceptance No. 508394

(54) Title
PREPARATION PROCESS OF ACRYLAMIDE

International Patent Classification(s)

{51)* CO7C 102/08 C07C 103/133
(51)5 CO7C 231/06 C07C 227/09
(21) Application No. : 26700/88 (22) Application Date : 08,12.88

(80) Priority Data

(31) Number (32) Date (83) Country
62-316020 16.12.87 JP JAPAN
62-330916 26.12.87 JP JAPAN

(43) Publication Date : 22.06.89
(44) Publication Date of Azcep‘ed Application ! 28.03.91

(71) Applicant(s)
MITSUI TOATSU CHEMICALS, INCORPORATED

(72) Inventor(s)
YOSHIHIKO KAMBARA; ITSUO OONAKA; KOICHI ASAO; KYOKO FUKUSHIMA

(74) Attorney or Agent
PHILLIPS ORMONDE & FITZPATRICK, 367 Collins Street, MELBOURNE VIC 3000

(56) Prior Art Documents
AU 68204/87 CO7C 102/08

(57) Claim

1. A process for the preparation of acrylamide ' which
comprises reacting acrylonitrile with water in the presence
of a Raney copper catalyst obtained by solidifying a molten
Raney copper alloy containing 75 to 25 weight percent of
copper and 25 to 75 weight percent of at least one metal
selected from Al, Si and 2Z2n as a major component at a
cooling rate of not less than 1 x 102 K/sec, followed by
leaching the solidified Raney copper alloy.



AUSTRALIA @ 8 5 9 4

Patents Act

COMPLETE SPECIFICATION

(ORIGINAL)
Class Int. Class
Appiication Number:
Lodged:
This document contains th)e
amendiaents lpade et(l:tt\cfi;:
Complete Specification Lodged: Section 49 and is corT |
inting.
Accepted: prult g
Published:
Priority
Relrtad Art:

APPLICANT’S REF.: FMT-900-kk
Name(s) of Applicant/ );  MITSUT TOATSU GHEMICALS, INCORPORATED

Address(es) of Applicant(s):2-5, Kasumigaseki 3-chome
Chiyoda-ku,
Tokyo;
Japan

Actual Inventor(s): Yoshihiko Kambara
Itsuo Oonaka
Koichi Asao

Kyoko Fukushima

Address for Service is: PHILLIPS, ORMONDE AND FITZPATRICK
Patent and Trade Mark Attorneys
367 Collins Street
Melbourne, Australia, 3000

Complete Specification for the invention entitled:

PREPARATION PROCESS OF AGRYLAMIDE

The following statement is a full description of this invention, including the best method of performing it known to

applicant(s):

PI9/3/84 |



10

15

20

25

- lA-

SPECIFICATION

Title of the Invention

PREPARATION PROCESS CF ACRYLAMIDE

Background of the Invention

a) Field of the Invention

This invention relates to a process for the
synthesis of acrylamide by reacting acrylonitrile with
water in the presence of a Raney copper catalyst, and
more particularly relates to remarkable enhancement of

catalytic activitv,

b) Description of the Prior Art

Acrylamide is a useful monomer emplcyed for
a wide field of applications /.n addition to be used for
the preparation of acrylamide base polymers utilized
for a paper reinforcing agent and a coagulating agent.

Acrylamide is now synthesized by reacting
acrylonitrile which is now cheaply produced in industry
with water in the presence of a solid catalyst.

Various copper base catalysts have been known
as the solid catalyst used for the synthesis of acryl-
amide by reacting acrylonitrile with water. Raney copper
catalyst is a typical one of such catalysts and disclosed

in USP 3,767,706, USP 3,911,009 and USP 4,056,565. b
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The Raney copper catalyst is generally
prepared by the following method. A molten alloy
composed of copper and aluminum is poured into a mold,

cooled and solidified, that is, cast. The resultant

‘mass of alloy is then crushed to particles or powder
‘with a jaw crusher or ball mill. Thereafter aluminum

- component is removed by leaching with sodium hydroxide

and the like.

However, according to fhe information of the
present inventors, the Raney copper catalyst obtained
by the method does not éxhibit satisfactorily high
activity when the‘catalyst is used‘for the synthesis of
acrylamide. Theréfore the reaction temperature must i
be raised, whereby generation of impurities is increased
and causes degradationsof‘prbduct quality. .

| Jépanese Patent Publication No. 33612/1977
describes dn example fbr intending to increase the ‘
activity by the addition of Sn, Fe, Co, Ru, Rh,‘Ir, Os

or Pt to Raney copper catalyst. The addition of these

- metal components causes activity improvement to some

extent. The resultant activity, however, is still

much lower than satisfactory level.

| Many examples are also found on the incorporation

of secondary components to metallic cépper catalysts

other than Raney copper catalyst. In Japanese Patent 3

Publication No. 43924/1978, copper salts are reduced by

-
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hypdphésphite together with salts of metals such as
Cr, v, Si, Fe, Ti and Zr, and subsequéntiy decomposed
by heat to give a metallic copper catalyst containing

the secondary components. In Japanese Patent Publication

No. 43927/1978, a metallic copper catalyst containing

the secondary components is similarly obtained by
reducing copper salts with bbron hydrogen compounds

under alkaline conditions tdgether with salts of elements

selected from the group IIa, IIb, IIIa, IIIb, IVa, IVb,

Va, Vb, VIa, VIIa, and VIII elements in the periodic
table. In Japanese Patent Publication No. 41241/1977 a
metallic copper catalyst containing secondary components
is obtained by fedﬁcing copper oxides in a hydrogen
atmosphere together with oxides of metals such as'Si,
W, Hg, 2r, Fe, Ni, ahd Zn.

According to the information obtained by the .
present inventors; these metallic copper catalysts other

than the Raney copper catalyst have much inferior

activity to that of the Raney copper catalyst when the

former catalysts are composed of copper'alone. Some

catalysts can be cunsiderably enhanced their activity

by the addition of other components for modifying these

~catalysts. Nevertheless, the resultant activity of

these catalysts is slightly higher than that of the

Raney copper catalyst.

s R

]
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Summary‘of‘thé Invention

An object of this invention is to provide a
mUlti—eiement type Raney copper catalyst which is |
ext:emely active and useful for the preparation of
acrylamide by reacting acrylonitrile with wéter.

Another object of this inveation is to provide
a methnd for improving the preparatioh of a Raney copper
alloy which is effective for‘preparing the EXtrehely
active Raney coppér catalyst and particularly‘a method
for improving the catalytic activity‘by controlling a
covling rate in the solidifiCation‘from a molten state.

A further object of this inveution is to

He

provide a suitable apparétus for the preparation of the
above Raney copper catalyst.

The abové-mentioned‘objects is achieved by
providing the prepération process of acrylamide which
comprises reacting acrylonitrile with water in the
priesence of a Raney copper catalyst obtained by
solidifying‘a ﬁolten Raney copper alloy containing
-coppor--and—at—Lleast—one-etal solacted—Erom Al —Si—a

Zn as a major component at a cooling rate of n

“less
than 1 x 102 K/sec, followed by leachi he solidified
Raney copper illoy.

The above des ed Raney copper‘catalyst‘of

the catalytic activity of 1.5 - 6 times

T

T
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75 to 25 weight percent of copper and 25 to 75 ‘weight
percent of at leaSt one metal selected from Al, Si and Zn as
a méjor component at a cooling rate of not 1less than 1 x
102 K/sec, followed by leaching the solidified Raney
copper alloy. -

‘ The ébove described Raney copper catalyst of this
invention has the catalytic activity of 1.5 -% 6 times as

COmpared to that of previously known Raney copper catalvsts.
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Brief Description of the Drawings

Figure 1 is an example of an apparatus
operated by a rotary liquid atomizing process. The
apparatus is used for preparing the Raney copper alloy
which is suitable for the preparation of the Raney copper
catalyst employed in the preparation process of acrylamide
of this invention.

1l is a rotary drum, 2 is a cooling liquid
layer, 3 is a crucible, 4 is a heating coil, 5 is a
fused alloy, 6 is a nozzle, and 7 is an argon gas inlet
tube.

Figure 2 is an example of an apparatus operated
by a water or gas atomizing process. 8 is a tundish, i
9 is a fused alloy feeding part, 10 is a high pressure
pump, 11 is a cooling medium nozzle, 12 is contact part
of the fused alloy and cooling medium.

Figure 3 is an example of an apparatus operated

by a single roll process and¢ 13 is a copper roller.

Detailed Description of the Invention

The Raney copper catalyst used in the method
of this invention is described, for example, in KAGAKUNO
RYOIKI, 6, 733-740 (1952) (published from Nankodo Book
Co.) and JIKKEN KAGAKU KOUZA, 17, 340-341 (1956) i
(published from Maruzs&n Book Co.). As described in

these literatures, the Raney copper catalyst is defined '
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as a metal catalyst obtained by preparing an alloy
composed of alkali or acid soluble metals such as
aluminum, silica, zinc, etc. and alkali or acid insoluble
metals, and then leaching the resultant alloy. The
metal composition primarily consists of copper in the
metallic catalyst obtained after leaching.

The industrial reaction process of acrylonitrile
and water in the presence of the Raney copper catalyst
is usually carried out as described below. Water is
used in about 0.5 - 10 times the amount of acrylonitrile.
The reaction is conducted batchwise or continuously in
the atmospheric pressure or under pressurized conditions
by using the catalyst composed of a suspended bed or
fixed bed. During the reaction, the reaction materials
and the Raney copper catalyst are prevented under liquid
phase from contact with oxygen or oxygen containing
gases. The reaction temperature was about 90 - 150°C
when previously known Raney copper catalyst was used.
On the other hand, the Raney copper catalyst in. the
method of this invention has extremely high catalytic
activity. Therefore equivalent production can be achieved
even though the reaction temperature is about 5 - 50°C
lower than that of the conventional method.

In preparing the material of the Raney copper
catalyst used in the method of this invention, it is

required to solidify the alloy in the molten state
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at a cooling rate of not less than 1 .x‘lO2 K/sec.
Aluminum base alloys are generally prepared by pouring
the fused alloy into a mold, cooling And‘solidifying
at a cooling rate of about 0.1 ; 10 X/sec. That is,
Ehe present invention requires a cooling rate at least
éboﬁt 10 times faster ﬁhan that of‘molding method
generally performed in industry. Wheh the cooling
rate is slow, the cooling rate can be obtained by reading
the starting point énd the finishing point of solidifica-
tion on a constitutional‘diégram of the alloy and
measuring the time required for temperature decrease
between the above twe points. Such a method, however,
is difficult‘to‘carry‘ouﬁ at a rapid cooling rate such | e
as not less than 1 x 102 K/sec. Therefore, the cooling
rate in the method of this invention is estimated by
the following method.

Many alloys are known to pe:form so-called
dendrite solidification (I. Oknaka, KIKAIKEI DAIGAKUKOUZA
Series 24, Fusion Processing, page 43 (1987) (Published

from Corona Co.). As to aluminum alloys, the alloy

‘having a composition of 95,5% Al and 4.5% Cu is known

~to have the following relationship between so-called

secondary dendrite arm spacing (um) and the cooling rate

of solidification (K/sec).

R =’(50/d)2.455
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[R. Mehrabian; (Rapid Solidification Processing) .
(Principles and Technologies), Claitors' Publishing
Div., (1987), 9]

That is, when the structure of the alloy having
a com»osition of 95.5% Al and 4.5% Cu is observed, the
secondary dendrite arm spacing d of not more than 7.7 um
means the cooling rate R of not less than 1 x lO2 K/sec.

The raw material alloy obtained at the cooling
rate of 1 x lO2 K/sec in the method of this invention
means the alloy prepared by a method so that the secondary
dendrite arm spacing d of not more than 7.7 um is
obtained when the alloy composed of 95.5% Al and 4.5% Cu
is prepared by the same method and conditions as those #
for the preparation of the raw material alloy.

Dendrite caunot be observed at a rapid cooling
rate, for example, a rate of not less than 1 x lO6 K/sec.
Of course, such condition is also in the scope of this
invention.

As a practical process for preparing the alloy
at a cooling rate of not less than 1 x 102 K/sec, it is
preferred to prepare by applying so-called rapid
solidification processing. The process is described,
for example, in I. Oknaka, NISHIYAMA KINEN GIJUTSUKOUSA,
Rapid Solidification Processing, page 238 (1986) ¢
(published from Japan Iron and Steel Association).

When the alloy is prepared by applying water atomizing
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process, gas atomizing process, RSR atomizing process
and rotary liquid atomizing process in particular,

it is possible to obtain a cooling rate R of not less
than 1 x lO2 K/sec. At the same time, the product of
alloy can be obtained in the form of powder and no
further mechanical crushing is needed, thereby
ratjonalization of production steps can be achieved.

The water atomizing process and gas atomizing
process are, for example, such processes as illustrated
in Figure 2. There are various embodiments of these
processes (See, for example, Japanese Laid-Open Patent
No. 54508/1980 as to the water atomizing process) and
a representative example will be described below.

In this process, the metal in the molten
state, e.g., the fused alloy 5 is placed in a tundish
8 having an opening 9 at the bottom, fallen down
through the opening 9 and brought into contact with
high pressure gas or water at the point 12. Then
the fused alloy is solidified rapidly and particulated,
The gas and water are fed under high pressure with a
high pressure pump 10 and passed through a cooling
medium nozzle 11 to reach the point 12. The maximum
cooling rate which can be realized by this process is
approximately L x 102 -1 x 105 K/sec.

The rotary liquid atomizing process ig, for

example, such process as illustrated in Figure 1. A
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cooling liquid layer 2 is formed by centrifugal force
in a rotary drum 1 rotating at a high speed. The fused
alloy 5 is extruded by the pressure of argon gas 7
from a nozzle 6.located at the bcttom of a crucible 3.
The extruded alloy makes collision with the cooling
liguid layer 2, guenched and particulated. The fused
alloy 5 in the crucible 3 is maintained at a temperature
by a heating coil 4. The rotary water atomizing
process using water as the cooling liquid is described,
for example, on the application to an alloy composed of
94.5% Al and 5.5% Cu in NIHON KINZOKU GAKUKAISHI, 47,
No. 11, 101€-1021 (1983). According to the description,
a cooling rate of 1 x 103 - 5 X 104 K/sec is obtained
under co.., Long of a circumferential velocity of rotating
water of 33.5 m/sec, a crucible nozzle diameter of 0.23
mm and a injection pressure of fused alloy of 0.5 Kg/cmz.
Rapid solidification processes other than the
so-called atomizing process described above can of
course be applied to the process of this invention.
It is also possible in the method of this invention to
prepare products in the form of a thin tape by applying
single roll process, twin roll process and the like.
According to the presentation in the Spring
Annual Conference of Japan Chemical Society (April 1,
1986) (Presentation No. 1B40; T. Funabiki et al, Liquid

phase hydrating reaction of acrylonitrile by a Raney
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type catalyst prepared from Cu-Ti amorphous alloy), an

677%33

prepared by the single roll process. The alloy was

amorphous alloy having a composition of Cu was
crushed with a vibration mill to particle size of
less than 400 meshes, treated with 1N hydrofluoric acid
and then subjected to Ti leaching. The catalytic
activity of the Raney copper catalyst was estimated
in the hydrating reaction of acrylonitrile. As a result,
the Raney copper catalyst had higher catalytic activity
than the catalyst obtained by hydrogenation of commercial
copper powder. However, according to the information
of the present inventors, the results thus obtained are
much inferior to those of most general Raney copper ¥
catalysts obtained by leaching Cu-Al alloy with sodium
hydroxide.

The catalyst component which is leached by
acid or alkali in the method of this inventign ig Al,
Si or Zn. The Raney copper catalyst of this invention
contains a minor amount of other metallic components.
When the alloy having such composition is prepared by
the single roll process mentioned above, the alloy
does not form an amorphous state. However, the Raney
copper catalyst prepared by crushing and leaching the
alloy has an extremely high activity as compared to the
Raney copper catalysts provided by conventional methods.

The raw material alloy used for preparing the
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Raney copper catalyst of this invention contains at
least one component selected from Al, Si and Zn as the
alkali or acid soluble metallic component described
above. "he proportion of such component in the alloy
is in the range of 25 - 75 weight %.

The catalytic activity of the Raney copper
catalyst of the invention is much increased in the
presence of a minor component, cf at least one metal
selected from Sc¢, Y, Ti, %r, Vv, Nb, Ta, Cr, Mc, W, Mn,
Tc, Re, Fe, Ru, Os, Co, Rh, Ir, Ni, Pd, Pt, Ag, Au,

Zn, €4, Ga, In, 71, Si, Ce, Sn, Pb, Sb and Bi.

The proportion of the minor component in the
raw material alloy is preferably in the range of 0.1 -
20 weight % and more preferably in the range of 0.1 -
10 weight %. The incorporation of other metallic
components to Raney coppey ptepared by the conventional
progess has already been known in Japanese Patent
Publication No. 33512/1977. However, the Raney copper
catalyst obtained by the conventional process, that is,
the process consisting of « " '‘?ification in the mold
and mechanical crushing, exhibits not so much increase
in catalytic activity as compared with the Raney copper
catalyst without minor component. Even though effect
for erhancing activity is expected to additional compo-

nents such as Ni as de#cribed in HYOMEN, 25, No. 11,

666 (1987), the activity of Ni added Raney copper catalyst

R
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is contrarily decreased when it is prepared by the
conventional process.

Onn the other hand. by setting the cooling rate
of the fused alloy at net less than 1.0 x 102 K/sec in
the preparation of the raw material alloy, the Raney
copper catalyst added with these metals can obtain an
extremely large catalytic activity.

The Raney copper alloy obtained by rapidly
solidifying the fused alloy according to the processes
mentioned above can be easily leached to give the Raney
copper catalyst by leaching methods such as ordinary
alkali leaching. The Raney copper catalyst thus obtained
can proceed with the reaction of acrylonitrile and "
water under usual reaction conditions; particularly
at lower temperatures.

Preparation of alloy particles, leaching of
the alloy and utility of the catalyst will hereinaftex

described by way of examples and comparative examples.

Example 1
Preparation of alloy narticles:

An apparatus of so-called rotary water atomizing
process having a rotating drum diameter of 215 mm was
used as illustrated in Table 1. The drum was charged
with 500 ml of water and rotated at the rate of 6000 rpm

to form a water layer having a thickness of 13 mm. An
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alloy having a composition off 1% Ni - 49.5% Cu - 49.5%

Al was retained in a crucible at 800°C in a molten state
and injected into the rotary water layer through a

nozzle having a diameter of 0.7 mm by the argon gas
pressure of 1.5 kg/csz. As a result, the alloy particles
thus obtained had a particle size passing through 32 mesh

and a composition of 1% Ni - 49.5% Cu - 49.5% Al.

Estimation of cooling rate:
The cooling rate ir the preparatior. ¥ the
alloy particles was estimated by the following method.
An alloy having a composition of 95.5% Al =
4.5% Cu was prepared under the same conditions as "
described above. Since the secondary dendrite arm

v g}
spacing was 0.6 -~ 1.5 um, the cooling rate was 5 x 107 =

4 x 10* K/sec in the preparation process of the alloy.

Leaching of the alloy:

The leaching is carried out by adding 20 g of
thus obtained alloy particles having a composition of
1% Ni - 49.5% Cu - 49.5% Al to 150 g of a 20wt.% agueous
sodium hydroxide solution a* the temperature of 50°C.
The Raney copper catalyst thus obtained was washed with
previously deoxidized water until the pH of waste water
lowers to 9 or less. As a result, 10 g of the Raney

copper catalyst was obtained.
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Evaluation of catalytic activity:

In a 100 ml four necked flask, 8.5 g of

previously deoxidized acrylonitrile, 55.0 g of previously

'deoxidized water and 7.0 g of the above obtained Raney

copper catalyst were charged. The mixture was reacted
in a nitrogen atmosphere-at'70¢C for 2 hours. The

yield of acrylamide was 64.3%.

Comparative Example

A molten mixture of equal amount of copper
and aluminum was poured into a cylindrical steel mold
having a diameter of 4 cm and a depth of 10 cm and
cooled to solidify the alloy. The constitutional
diagram of thié composition exhibited the starting point
of_solidification.at 580°C and the finishing point of
solidification at 548°C. The time required forvlowéring

the témperature between the above two points was about

.4 seconds and thus the cooling rate was 8 K/sec.

The mass of alloy thus obtained was crushed

~ with a ball mill to prepare particles passing through

42 mesh. The particles were leached and then the
¢atalytic activity was evaluated by the same procedures
as described in Example 1. The yield of acrylamide was

39.8%.

N
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Comparative Example 2

The same procedures as described i Comparative
Example 1 were carried out except that the Raney copper
catalyst was used in an amount of 4 times (24.0 g) in
the evaluation of the catalytic activity. The yield of

acrylamide was 65.3% in this test.

Comparative Example 3
The alloy having the same composition as
Example 1, that is, 1% Ni - 49.,5% Cu - 49.5% Al, was
prepared, leached and the catalytic activity was
evaluated by the same procedures as described in
Comparative Example 1. The yield of acrylamide was e

30.5%.

Example 2

An alloy composed of equal amount of copper
and aluminum was prepared by the same procedures as
described in Example 1. The alloy was leached and then
the catalytic activity was evaluated by the same
procedures as in Example 1.

As a result, the yield of acrylamide was

52.3%.

Examples 3 - 15

The apparatus of rotary water atomizing process

T
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was used as describud in Example 1. Alleoys were prepared
so as to contain the metallic components illustrated

in %able 1 in an amount of 1 wt.% or 5 wt.%. The alloys
were leached and then the catalytic activity was
evaluated by the same procedures as described in Example

1. The results are illustrated in Table 1.

Comparative Examples 4 - 9
Alloys were prepared by the same procedures
as described in Comparative Example 3 so as to. contain
the metallic components in an amount of 1 wt.% or 5 w=.%.
The alloys were leached and then the catalytic activity
S

was evaluated by the same procedures as in Comparative

Example 3. The results are illustrated in Table 1.
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Table 1

Additional metal

Example or Acrylamida
Cogigﬁgiéve Component ATg?nt y%:%d
Ex. 3 Ni o 5 67.3
"4 Cr 5 65.1
" 5 Mn 1 59.2
"6 Fe 1 55.6
w7 Co 1 60.3
" 8 Ti 1 80.3
"9 \Y 1 78.4
" 10 Sc 1 75.2
"1l Zn 5 73.1
"2 Sb 1 63.1
" 13 Sn 1 62.4
" 14 Ga 1 59.3
" 15 Nb + Mo I + 1 73.3
Comp. Ex. 4 Ni 5 23.1
" 5 Cr 5 18.4
" 6 Mn 1 42,2
" 7 Fe 1 39.7
" 8 Co 1 43.3
" 9 Ti 1 47 .6
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Example 16

An apparatus of so-called gas atomizing process
illustrated in Figure 2 was used. The tundish provided
with a nozzle located at the bottom and having a diameter
of 1 mm, was charged withian allov having a composition
of 1% Ni - 49.5% Cu - 49.5% Al and maintain a molton
state at 1000°C. The fused alloy was fallen through
the nozzle. H .gh-pressure air of 50 kg/csz was injected
to the stream of the fused alloy. The fused alloy was
rapidly solidified to give alloy particles having
particle size passing through 32 mesh and a composition
of 1% Ni - 49.5% Cu - 49.5% Al. The estimated cooling
rate was 1.8 x 10% - 1.0 x 103 K/sec, because the s
secondary dendrite arm spacing of the alloy having a
composition of 95.5% Al - 4.5% Cu was 3 - 6 um when
prepared under the same conditions as agbove. The alloy
particles containing 1% of Ni were leached and then the
catalytic activity was evaluated by the same procedures
as described in Example 1. As a result, the yield of

acrylamide was 61.7%.

Example 17

An apparztus of so-called single roll process
was used. On a copper roller rotating at the rate of
5000 rpm and having a diameter of 12 cm, a molten alloy

maintained at 1000°C was fallen through a nozzle having
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a diameter of 0.7 mm by applying the argon gas pressure
of 0.5 kg/cmZG. The alloy thus obtained was in the form
of a {hin tape having a width of 2 mm and a thickness
of.lo - 20 ym and had a composition of 1% Ni - 49.5% Cu
- 49,5% Al. The resultant alloy was crushed in a ball
mill to obtain particles passing through 400 mesh. The
alloy particles were leached and then catalytic activity
was evaluated. As a result, the yield of acrylamide
was 65.3%,

In addition, a thin tape of the alloy having
a composition of 95.5% Al - 4.5% Cu was obtained by the
same procedures as above. However, no distinct dendrite
was obéerved and the cooling rate was estimated to be

not less than 1 x 106 K/sec.
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The claims defining the invention are as‘follows:

1. A process for the preparation of acrylamide which
comprises reacting acrylonitrile with water in the presence
of a Raney copper catalyst obtainéd by s6lidifying a molten
Raney copper alloy containing 75 to 25 weight percent of
copper and 25 to 75 weight percent of at least one metal
selected from Al, Si and Zn as a major component at a
cooling rate of not less than 1 x 102 K/sec, followed by
leaching the solidified Raney copper alloy.

2. The process of claim 1 wherein the cooling rate is 1 x

102 - 1 x 107 K/sec.
3. The process of claim 1 or claim 2 wherein the Raney

copper alloy contains as a minor component at least one
metal selected from Sc, Y, Ti,‘Zr, v, Nb, Ta, Cr, Mo, W, Mn,
Tc, Re, Fe, Ru, Os, Co, Rh, Ir, Ni, Pd, Pt, Ag, Au, Zn, Cd,
Ga, In, T1, Si, Ge, Sn, Pb, Sb and Bi.

4, ThenprpceSs‘of claim 3 wherein the Raney copper alloy
contains as a minor component at least one metal selected
from S¢, Ti, VvV, Nb, Cr, Mo, Mn, Fe, Co, Ni, 2Zn, Ga, 8Sn and
Sb. | |

5. The-process of any one of the preceding;claims wherein
the proportion of the metal contained as the minor component
is 0.1 - 20 weight % of the Raney copper alloy.

6. The process ¢f any one of the preceding claims wherein
the solidifying process is a rotary 1liquid atomizing
process, a water or gas atomizing process or a single roll
process.

7. The process of claim 6 wherein the solidifying process

a water or gas atomizing process and the rooling rate is
the range of 1 x 102 - 1 X 10° K/sec.
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8. The process of any one of claims 1 to 5 wherein the
solidifying process is a rotary liquid atomizing process and
the cooling rate is in the range of 1 x 103 - 5 x 104

K/sec.

9. The process of claim 1 substantially as hereinbefore
described with reference to any one of the examples.

DATED: 17 December 1990
PHILLIPS ORMONDE & FITZPATRICK

Attorneys For:
MITSUI TOATSU CHEMICALS INCORPORATED

(8877h)
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