., UK Patent Application .. GB «2 013 516 A

{21)
(22)
{23}
{30}
{3a1)
(32)
{33)
{43}
a1}

1521

{B6)

{58

(71)

(72)

{74

Application No 7900465
Date of filing 6 Jan 1979
Claims fited § Jan 1879
Priority data

25684

5 Jan 1878

Savist Unlon {8}
Application published

15 Aug 1979

INT GL2

BO1J 37/18//CO7C 31/06
Domestlc classification
B1E 1142 1185 1167
1197 120312081223
1282 1288 1301 1312
131513221331 1351
1427 1441 1462 1463
1485 1514 1813 1631
1635 1701 1702 1705
170D 171417181718
1720 172117221723
17241731 17381743
1744 FC

Documents cited

GB 1398139

GB 1035983

GB 962833

GBHE11828

@B 753740

Qe 234862

GR 209355

Fleld of gsarch

B1E

Applicants

Petr Grigerisvich Bondar,
Soverodonatsk,
Vorashilovgradskel
obiesti, prospeKt
Kosmonaviov 15, kvartiv
12, Union of Soviet
Saclalist Rapublics,
Anne Sargaavna
Zavadakaya,
Saverodonatsk,
vuroshilovgradskol
oblasti, ulitsa Lonina 26,
kvartira 10, Union of
Sovist Socialist Republics
inveniors

Patr Grigorfevich Bondar,
Anna Sergasvnb
Zovadskaya

Agent

Marks & Clark

{4} Process for Activating a
Catalyst

(571 A catalyst whose active ingredient
gomprises one of more of copper,
chremium, nicks!, cobalt, mangansese,

zinc and aluminium is activated by
contacting it with a reducing agent
and subjecting tha catalyst plus
reducing agent to a temperatura of
from 200 ta 800°C, The reducing
agent may be any of a large range of
organlc compounds.
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SPECIFICATION
Process for Activating a Catalyst

The invention relates to the production of
catalysts, and specifically to @ process for
activaiing catalysts comprising as an activa
ingredient at least one of the following metals:
copper, chremium, nickel, cobalt, manganese,
zinc and aluminium.

Catalysts basad on compounds such as oxides
or salts uf the ahove matals, in an active state are
commonly usad in maethanol synthesis,
canversion of carbon monoxide, hydrogenation of
organic compounds and some other catalylic
processes of the organic synthesis.

One of the widaly used processes for activating
catalysts comprises reducing the metallic
compaunds cantained therein to the mastalllc
state or to compounds with a lower degree of
oxidation, whareby the inactive form of a catalyst
is rendered active.

A catajyst brought to the process of activation
usually haa the form of pellets. The process of
activation is generally cartied out in containar-
type apparatus pariadically charged with the
catalyst mass In volumetric quantitles, each equal
+a the volume capacity of the apparatus. Inthe
process of activation due to reduction of metals
the catalyst volume within the convartor becomes
10 to 20% less than the initial volume.

Known in the art |s 8 process of obtaining &
zinc-copper caialyst, which process comprises
reduction of ZnO/Cu0 mass by passing
therethrough a stream of gas congisting of
hydragen and a gas or gas mixture inert to the
catalyst. Tha mixture of hydregen reducing gas
and an inert gas is passed through the catalyst
until exit gases and Inlet gasas have
approximately the same hydrogen content. The
reduction temperature is maintained below
343°C by varying hydrogen cantent it the stream
of gas. The hydrogen content Is maintained to be
less than 5% by volume and In the course of
treatment of the zinc-copper mass this content is
increased within the range of 0.3 @ B% by
yolume {British Patent No. 1,082,298).

Thete is also known a process for reducing a
ZnD-CuQ catalyst, comprising passing through
the initial catalyst mass a gas mixture based on a
gas inert to the catalyst with an admixture of
hydrogan and carbon monoxide suifficlent for an
exotharmic reaction to-proceed.

The concentration of the reducing ingredients
mentioned above in the gas mixture is tharewith
graduaily increased from 0.5 to 5% by volume.
The process is carried out at a temparature
ranging from 148 to 2889 (Rritish Patent No.
1,137,357}

Also known in the art is a process for activating
8 catalyst useful in converting carpbon monoxide
and consisting of Zn0 and CuQ precursors, the
process belng carried out at a temperature below
3719C, In this procass, the oxides forming part of
the catalyst mass are actad upon by & gas stream
comprising hydrogen 8sa reducing gas and a
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diluent gas selectad from the group consisting of
nitrogen, methane, ethanag, propane or carbon
dioxide. Reduction is effacted with incremantal
increase in the reducing gas content in the gas
streamn. The temperatura of the reduction zone is
rmaintaired in the range of 149 to 260°C {British
patent No. 1,220,860}

Caopper oxide-zine oxide catalysts for use in low
temperatuse carbon monoxide convarsion
processes are alsc activatad by reducing the
oxidas in a gaseous medium comprising from 0.1
0 3% by volume of a reducing gas salected from
the group consisting of hydrogen, carbon
monaxide, and a diluent gas being the batance.
The pracass is carried out at a temperature of 120
to 177°C (U.S. Patant No. 3,380,102}

Theta is known a process far reducing a Zn-Cu-
Al catalyst useful in methanol synthesis by
contacting the catalyst with a stream of a gas
mixture constituted by hydrogen as a reducing
gas and inert diluent, such as natural gas or
methane. The reducticn process is carried out at
standard or increased pressure and a temperatura
of from 120 10 180°C (USSR Inventor's
Certificate No, 403,427),

The reduction of copper catalysts used in
mathanel synthesis as a further of the prior art
processes teaches, is carried out with a reducing
mixture comprising a raducing 93s, such as
hydrogen or carbon monoxide in an amount of up
ta 10% by volume, carbon dioxide up to 16 vol %
per volums of the reducing gas, the balance being
an inert diluent, such as methane, nitrogen. The
reduction is effected at a temperature of 90 to
130°C (USSR Inventor's Certificate No.
429,837}

As can be seen from the above anatysis of the
prior art, tha activation of catalysts by reducing
metal oxides constituting the catalyst mass is
effected at & low canceniration of a reducing gas
in a gaseous mixture fed to tha reaction zane, sald
concentration not exceeding of the total volume
of the gas being racycied. Such limitatian dictated
by the hazard of catalyst particles sintaring into a
dense mass under the effect of heat of exathermic
reduction reactions, precludes the possibility of
the activatlon process to be thermaily intansified
and necessitates the temperature o be confined
to at most 280°C.

In addition, the prior art processes for
activating catalysts require considerable powar
inputs for the heating and circulating the mixture
of the teducing gas and the diluent gas. Thus, in
the procass disclosed in USSR Inventor's
Cartificate No. 403,427 sald power Inputs are
10,000 to 15,000 kW/h per ton of tha catalyst

ass.

It should also be noted that complicated
equipment is required for the process for reducing
catalysts with a mixture of reducing and inert
gases, the volumetric ratio of which is to vary as
the process cycle praceeds. Thus, for compressing
a mixture of reducing and inert gases and for
feading it to a recycle system, 8 compressor must
aperate in cambination with a ratio cantrotler for
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said gases and be providad with a control circuit
for taking account of variations in the physical and
machanicat properties of mixtures of said gases in
the case of diffarent velurmnetric ratios thereof. A
cumbersama drying system for drying large
volumes of the cireutating gas, also adds to the
complaxity of the equipment used to carry out the
prior art processes. This drying systam is
prerequisite for practising the prior art processes,
since feeding of an insufficiently dried circulating
gas to the inlet of the activation apparatus lowers
the rate of the process of reducing meta! oxides
and affects to a certain extant the quality of the
catalyst thus activated.

it Is an object of the Invention to intenslfy the
activation process. It is a specific ohject of the
invention is to pravide a process for activating a
catalyst, wheraln an intensification of the
activation pracess is gained by utllising, as a
raducing agent, organic compounds norn-
poisonous ta the catalyst.

This object is attained int a process for
activating a catalyst including, as an actlve
ingredient, at lzast one of the following metals:
copper, chromium, nickel, cobalt, manganese,
zing, and alurminium, by treating it with a reducing
agent, wherein, according to the invention, as the
reducing agent use is made of compounds
selected from the group consisting of Cy—Cyg
saturated, C,—C,, unsatusated, C;—C,, alicyclic,
Cy—C,o aramatic, G,,—C,; aliphatic-aromatic
hydrocarbons, Cs—Cao monohydric alcohols, &,—
C; palyhydric alcohols, phenals, C,—C,, alliphatic
aldehydes, C,—C,, Bromatic aldehydes, C,—Cus ~
aliphatie ketonas, C;—C,, alicyclic ketones, C,—
C,, aliphatic carboxylic acids, C,—C;, esters of
aliphatic carboxylic acids, aromatic acids,
carhohydratas, vegetable oils, animal fats, waxes,
polyvinyl alcohol, polyvinyl acetate, pelyethylena
and polybutadiene, said reducing agent being
mixed with the catalyst in an amountof 4 to 15
wt % per welght of the active ingredient of the
catalyst, and the resulting mixture is subjected 10
treatment at a teraperature ranging from 200 to
800°C in an atmosphers inart 1o the catalyst.

The reducing agent Is used in an amount of 4
to 15 wt % per waight of the active ingredlent of
the catalyst, depanding on the kind of the catalyst
and the required degree of reduction thereof {80
ta 100%).

The usa of less than 4 wt % of the reducing
agent is rather inefficient, sinca the catalyst
reduction wilt be only 30 to 40%, while treatment
with more than 15 wt % of the reducing agent is
unreasonable, since the amount of 15 wt % Is
sufficient for practicaily complete reduction of the
oxides.

A wide range of organic compounds with a
boiling point above 120°C is useful in tha process
of the inventicn as the reduging agent.

According to the invention, particular
reducing agents may be glycerine and
pentaarythritol as polyhydric alcohols: mong-, di-,
and polysaccharities as carbohydrates;
cyclohexanal as a2 monchydric alcohol; and
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cyclohexanone, cyclonohacosanane and dipropyl
kalone as ketones of the alicyclic and afiphatic
series raspectively.

Moreover, benzoic acid may be used as @
carboxylic acid, benzaldehyde as an aldehyde,
diphenyl and naphthalene as aromatic
hydrocarbans, diphenylmethane and
methylnaphthalene as aliphatic-aromatic
hydracarbons. .

Paraffin and octene may constitute saturated
and unsaturated hydrocarbons respectively.

The present invantion, by virtug of such
raducing agents, enables the activation process 10
be intensified and, hence, the catalyst residence
time in the activation zone under high-
temperature conditions 1o ba cut down, At a fairly
rapid rate of the process, phase transformations
occur under conditions which are far from
squilibrium ones, thus making for higher
concentration of active centers on the surface of
the catalyst and, hence, for an enhancement of
its activity.

According to the invention, far reducing a
catalyst use may be made either of one of the
above-citad organic reducing agents taken singly,
or of a mixture thereof,

The catalyst is treated with & reducing agant at
a temperature ranging from 200 to 800°C. The
lower temperature limit is determined by the
possibility of initlation, the latter depanding on the
kind of the organic substance used as the
reducing agant, whife a reduction temperatura
higher than the upper limit is not aclvisable in
view of catalyst sintering.

The present process provides for the reduction
to ba carried out through the reaction betwaen
oxygen contained in the crystal lattice of the
catalyst and the organic substance. As a result of
the reaction the organic substance becomes
axidized predaminatly to CO, and water, while the
catalyst oxidas, losing oxygen, bacome reduced to
metals.

The process for activating a catalyst is
petfarmad as follows.

A powdery or pasty catalyst mass wharsin the
active ingredient Is in the oxidized state in the
farm of oxides or salts, is thoroughly mixed at =7
least with one of the above-specifiad organic
compounds which may ba in a liquid or solid
stata, or in the form of solution. e

Compounds having a relatively low boiling
point and high vapor pressure, such as watar, 5
acatana, lower monohydric alcohols, ethers, may
ba used s soivents.

The mixture of the catalyst mass with a -
selected reducing agent, if necessary, is dried dt
room or elevated ternperatura sufficient for an
Intensivae removal of the solvant, and then the
mixture is subjactad to heat treatment in an inert
gas ar [n air at a temperature ranglng from 200 to
800°C, depending on the catalyst compasition.

For zing-chromium catalysts usable in
methanal synthesis the temperature of heat
treatrment lies within the range of 200 ta 350°C;
for copper catalysts usable in methanol synthesis
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said temperature Is in the range of 400 1o 850°C;
for nickel catalysts usahle in hydrogenation of
unsaturated compounds and for cobalt-
manganese catalysts employed for oxidation of
hydrocarbons it is within the range of 200 to
800°C.

The process of the invention offers the
following advantages over the prior-art
processes for activating catalysts. First, the
present activation procass is maore effictent.
Second, the circulatien of large amounts of gas
and heating thereof, being obviated, the power
input for effecting the process is reduced by a
factor of 20 to 30. Third, thes use of complicated
compressor and drying equipment is eliminated.

The exampiles given as below illustrate the way
of practlsing the process of the inventlon.

Example 1

Octane, as a reducing agent, having the boiting
point equal to 126.7°C, in an amount of 0.8 kg (8
wt %) was added to 10 kg of calcined powdery
catalyst mass comprising 61.5 wt 9% of copper
oxide, 32.0 wt % of zinc oxlde, and 6.5 wt % of
alumina and then mixed In a mixer apparatus. The
resulting mixture was charged into 2 reducing
furnace and was subjected to heat treatment ina
nitrogen atmosphere at 500°C, The heat
traatment was carried out till reactlon gases, e
carbon dioxide and water vapout, forming in the
reduction of oxides, ceased to evolve, The effluent
gas composition was checked by means of a gas
chromatograph apparatus.

The reduced and cooled catatyst was mixed
with 2 wt % of graphite and shaped into
eylindrical pellets of 5x5 mm.

The activated catalyst was subjected to testing
for determining the following characteristics
thereaf—

degree of raduction,

crushing strength {of pelists),

activity.

The dagree of reduction was detarmined as the
ratio of an elemental metal concantration in the
actlvated catalyst to the total concentration of the
same metal in tha catalyst mass. The raspactive
concentrations, namely those of copper, were
determined by conventional methods of chemical
analysls.

The crushing strangth was detarmined by
loading, in a diamatrical plane, catalyst samples
shaped as oylindrical pellets of the above
dimensions.

Catalyst activity was determined in the process
of methanol synthssls by the end product output
per unit mass or unit volume of the activated
catalyst par unit of time. The process was carried
out under the following conditions:

pressure 50 atm
tamperalure 220°C

gas space velocity at

H,:C0=2:1 10,000 h™!
CO, content Bvol%
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The tests and analysis have shown the
following results:—

degree of reduction B80%
crushing sirength 80 kgf/cm?
actlvity 1.1 ml mathanol
per ml catalyst
per hour
Example 2

Finely crushed Cyy pentatrlacontans {b.p.
486°C) in an amount of 9 grams (3 wt %) was
added to 100 grams of the natalyst mass a$
spacified in Example 1 and mixed. Tha mass was
raduced at 550°C by following the same
procedure as in Example 1. The degree of
reduction was 75%. Properties of the reduced
catalyst and storage conditions thereof ware
similar to those set forthin Example.

Example 3

A mixture of Cg—C,5 liquid paraffins {k.p. of
components 125.7—270.6°C] in an amount of
1.0 kg (10 wt %) was poured into 10 kg of the
calcined mass of Example 1.The mass was mixad
and reduced at 500°C by following the procedure
specified In Example 1. The degree of reduction
was B5%.

Example 4

Finsly crushed commercial-grade Cg~—Cas
paraffin {b.p. 280.8—486 °C) in an amount of 0.8
kg (8 wt %} was added to 10 kg of the mass of
Example 1, mixed, and reduced at 550°C by
foliowing the same procedure as In Example 1.
The degrea of reduction was 87%.

Example 5

C, octene {b.p. 121.3°C) in an amount of 8O
grams [8 wt %) was added to 1 kg of the catalyst
mass in the form of a paste cbtained by
precipitation and containing carbonates of
copper. zing and alumina hydrate calculated as
metal oxides in the follawing quantitias: 81%
copper oxide; 32.5% zinc oxide; 6.5% alumina.
The mass was mixad, dried at 100°C, finely
divided, and reducad by following the same
procedure as In example 1.Ths degree of
reduction of the catalyst was 80%.

Example &

C,, octadecena (b.p. 314,8°C) in an amount of
80 grams {9 wt %) was addad to 1 kg of the
catalyst mass of Example 5, mixed, dried
following the procedure specifted in Example 5,
finely divided and reduced at B00°Casin
Example 1. The degree of reduction was 85%.

Example 7

C, octine {b.p, 126.2°C} in an amount of 100
grams {10 wt %) was added t0 1 kg of the mass
of Exampie 1, mixed and was reduced at 450°C
following the procedure specified in Example 1.
The degrea of reduction was 75%.
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Example B

Finely crushed C,g octadecynse (b.p. 313°Cl in
an amount of 100 grams (10 wt %) was added to
1 kg of the mass of Example 1. The mass was
mixed and was reduced at 450°C follawing tha
procedure specifled in Example 1. The degrae of
reduction was 86%.

Example 9

Chremium anhydride in an amount of 80
grams was ground in a poccelain jar, 100 grams
zinG oxide was added, and the mixture was
thoroughly mixed. When mixing the Ingredients,
30 ml of distilled water was added. A salution of
11 grams of pentasrythritol in 30 ml of water was
then added to the mixture obtained, and was
thoroughly mixed. The resulting mixture was drlad
and subjected to a heat treatment in a furnaca
atmasphara of nitrogen at 260°C. The degree of
reduction, defined as the ratio between the
reduced chromium and the total content of
chromium in the catalyst mass, was 30%.

The reduced catalyst was tested in the course
of methanol synthesis under the foliowing
conditions:—

pressure 250 atm
temperature 360°C
gas space veloclty at

H,:C0=2:1 40,000 h™!

The tests showed that the catalyst activity was
7.2 ml of methanal per 1 mol of the catalyst per
hour.

Example 10

Amyl elcohal (b.p. 137.8°C} in an amount of
10 grams {10 wt %) was added to 100 grams of
powdery mass of the zinc-chromium catalyst,
obtained by means of mixing zinc oxide with
chromiurn anhydride. the mixture of the catalyst
mass with amyl alcohol was tharoughly mixed
and was subjected to a heat treatment in the air
atmosphere at 200°C. The degree of reduction of

* the catalyst, defined following the same

48
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progedure as Iin Example 9, was B0%.

Example 11

G, hepty! alcehol (b.p. 1 76.3°C} in an amount
of 10 grams (10 wt %} was added 10 100 grams
of the mass of Exampla 10, mixed and was
reduced Tn the atmosphere of nitrogen at 250°C.
The degree of reduction was 80%.

Exampla 12

C,, myricy! alcohol in an amount of 6 grams {6
wt %} was added to 100 grams of the mass of
Example 1, was mixed and was reduced in the
atmosphere of nitrogen fallowing the procedure
as :}2 Example 1. The degree of reduction was
75%.

Example 13
Ethylane glycol {b.p. 197°C} in an amount of
120 grams {12 wt %} was added to 1 kg of the
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catalyst mass of Exampla 10, was mixed and was
reduced at 250°C following the same procedure
as in Exampla 9. The degree of reduction was
100%.

Example 14
Crushad 2,3-dimethyl-2,3-butanediol {b.p.

/172°C} in an amount of 120 grams (12 wi %)

was added to 1 kg of the catalyst mass of
Example 10, and the mass was subjected to 3
heat treatment at 300°C. The degree of reduction
defined following the same pracedure asIn
Example 9 was 85%.

Example 156

Glycerine {b.p. 280°C) in an amount of 300
grams (3 wt %) was added under mixing to 10 kg
af the calcined powdery catalyst mass contalning
oxides of copper, zing, alyminium and chromium
in the following ratio; 62% CuC; 27% ZnQ; 5%
Al,Q,: 10% Cr,0,, The mass was subjscted to a
heat treatment at 500°C following the same
procedurae as in Example 1 . The degree of
reduction, defined as the ratio between copped in
reduced state and a total content of copper in the
catalyst was 36%.

This example illustrates [nsufficiency of the
reducing agent {glycering) perceniage, which is
less than 5 wt %, to bring the catalyst to the
required degree of raduction.

Example 16

Glycerine in an amount of 500 grams (5 wi %)
was added ta 10 kg of the catalyat mass of
Example 156, and the mass was subjected to a
heat treatmant at 500°C following the pracedurs
specified in Example 1. The degree of reduction
was 45%.

Exampla 17

Giycerine in an amount of 800 grams (8 wt %)
was added to 10 kg of the catalyst mass of
£xample 16. Tha mass was subjected to a heat
treatment at 500°C following the same
procedura as in Exampte 1. The degrea of
reduction was 70%.

Example 18

Glycerine in an amount of 1.3 kg (13 wt %)
was added to 10 kg of the catalyst mass of
Example 15. The mass was subjected to a haat
treatment at 500°C following the same
procedure as in Example 1. The degres of
reductlon was 97%.

Example 19

Glycering in an amount of 1.5 kg (15 wt %}
was added to 10 kg of the catalyst mass of
Example 15, Tha mass was subjected to a heat
treatment at 500°C following the same
procedure as in Example 1, The degree of
reduction was 100%.

Example 20
Glycerine in an amount of 1.7 kg {17 wt %)
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was addad to 10 kg of the catalyst mass of
Example 15. The mass was subjected to a heat
treatment at 500°C following tha sama
procedure as in Exampls 1. The dagree of
reduction was 100%.

This example illustrates that the reducing
agent {giicerine} In an amount of more than 15 wt
9% is not practicable since 15 wt % of the same is
sufficlent to completely reduce the catalyst as has
been shown in Example 19,

Example 21

Solution of pantaerythrital (0.p. 253°Clinan
amount of 80 grams {8 wt %} in 300 mi of water
was added to 1 kg of the catalyst mass of
Example 1. The mass was mixed, dried and was
subjectad to a heat treatment at B00°C follawing
the procedure spacified in Example 1. Tha degree
of reduction was 80%, 5

Example 22

Polyvinyl alcohol in an amount of 6 grams {6
wt %) was added to 100 grams of the mass of
Example 10. The mass was mixed and subjectad
10 a heat traatment at 350°C following the same
procedura asin Example 10. The degree of
reduction was 73%.

Exampla 23
Heptaldehyde (b.p. 185°C) in an amaunt of 10
.ams {10 wt %) was added to 100 grams of the
;atalyst mass of Exampie 15. The mass was

30 mixed and subjected to a heat treatmant at
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500°C following the same procedure as in
Example 1. The degree of reduction was 80%. 90
Example 24

Stearaldehyde {b.p. 212°C} in an amount of 10
grams {10 wt %) was added to 100 grams of the
catalyst mass of Example 15. The mass was
mixed and subjected to a heat treatment at
550°C following the same pracedurs as in
gxample 1. The degres of reduction was 80%.

85

Example 25

Dipropyl ketone {b.p. 1449C) in an amount of
90 grams (@ wt %) was added to 1 kg of the
catalyst mass of Example 1. The mass was
thoroughly mixed and was subjectad to a heat
treatment at 550°C follawing the same
procedure as in Example 1. The degree of
reduction was 90%.

100
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Exampla 26

Finely crushed stearin fn an amount of B grams
{8 wt %) was added to 100 grams of the catalyst
mass of Exampte 1. The mass was mixed and
subjected to a heat treatment at 560°C following
the same procedura as In Example 1. The dagree
of reduction was B5%.

Example 27
Acetic acid in an amount of 100 grams {10wt
9%) was added to 1 kg of the gatalyst mass of

Example 1. The mass was mixed and subjected to 115

a heat treatment at 850°C following the same
procedure as in Example 1. The degree of
raduction was 75%.

Exampia 28

Butytic acid in an amaunt of 6 grams was
added, under continuous mixing, to 100 grams of
the powdery catalyst mass containing 50% NiO
per 5O wt % of kieselguhr. The mass was
subjectad to a haat treatment at 700°C following
the same procedure as in Example 1. The degree
of reduction defined as the ratic hatween nickel In
reduced state and total content of nickel in the
catalyst was 80%.

Example 29

Melissic acid In an amount of 8 grams {8 wt %}
was added to 100 grams of the catalyst mass of
Exampie 15. Tha mass was thoroughiy mixed and
was subjected to a heat treatmaent at 650°C
foliowing the same procedure as In Example 1.
The degree of reduction was 70%.

Example 30

Oxalic acid (b.p. 189.5°C}in an amountof 8
grams {8 wt %) was added to 100 grams of the
catalyst mass of Example 1. The mass was mixed
and subjected to a heat treatment at 50C°C
following the same procedure as In Example 1.
Tha degree of reduction was 65%.

Example 31

Adipic acid (b.p. 1 539C) in an amount af 10
grams (10wt 95} was added 10 100 grams of the
catalyst mass of Example 1. The mass was mixed
and subjected 1o @ heat treatmant at 6QO°C
following the same procedura as in Example 1.
The degrea of reduction was 75%.

Example 32

a.w-octacosane dicatboxylic asid (b.p. 123°C)
in an amaunt of 5 grarms (5 wi 96} waa added to
100 grams of the catalyst mass of Exampla 1. The
mass was subjected to a heat treatment at 500°C
following the same procedure 8s in Example 1.
The degrae of reduction was 80%.

Example 33

Butyl propionate {b.p. 127.7°C) in an amount
of 8 grams (8 wt %) was added to 100 grams of
the catalyst mass of Example 15. The mass was
mixad and subjected to 8 heat treatment at
450°C following the same procedurs as in
Example 1. The degree of reduction was 70%.

Example 34

Ethyl triacontanate (b.p. 199°C) in an amount
of B grams (B wt %} was added to 100 grams of
the catalyst mass of Example 15. The mass was
mixed and subjectad to a heat treatment at
450°C faliowing the same procadure as in
Example 1. The degree of reduction was 75%.

Example 35
Finely crushed wax in an amount of 100 grems
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{10 wt %) was addad to 1 kg of the nickel-copper
catalyst containing 70% NiO: 30% CuQ. The mass
was mixed and subjected to a heat traatment at
B00°C following the same procedure as in
Example 1. The degres af reduction defined as the
contant of nickel and copper in the catalyst was
85%.

Example 38

Sunflower seed oll in an amount af 8 grams (8
wt %) was added to 100 grams of the catalyst
mass of Example 15.
The mass was mixed and subjected to a heat
treatment at 500°C following the same
procedure as In Example 1. The degree of
reduction was B5%.

8%

70

Example 37

ficef taliow in an amount of 10 grams (10 wt
9%} was added ta 100 grams of the catalyst mass
of Exampie 2B, The mass was mixed and
subjected to a heat treatment at 700°C following
the same procedure as in Example 1. The degree
of reduction was B6%.
Examplae 38 80

Saccharose in an ameount of 10 grams (10wt
%) and 30 mi of distilled water were addad to
100 grams of the catalyst mass of Example 15,
The mass was mixed, diied, finely crushed and
was subjected to a heat treatment at B60°C
foliowing the same procedure as in Example 1.
The degree of reduction was 80%.

Example 39

Glucose In an amaunt of 4 grams (8 wt %) and
16 mi of distilied water were added to 60 grams
of the catalyst mass of Exampla 15. The mass
was mixed, drled and subjacted to a heat
treatment at 550°C following the procedure
specified in Example 1. The degree of raduction
was BO%.

217]

Example 40

Starch in an amount of 10 grams (10 wt %)
was added to 100 grams of tha catalyst mass of
Example 28. The mass was mixed and subjected
to a haat treatment at 700°C following the same
procedure s In Example 10. The dagree of
reduction was 80%.

100

Example 41

Ceilulose In an amount of 7 grams {7 wt %}
was added to 100 grams of the catalyst mass of
Example 10, The mass was mixed and subjected
to a heat treatment at 300°C following the same
procedure as In Example 10. ‘Tha degree of
reduction was 75%.
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Exampla 42

Polyvinylacetate in an amount of 100 grams
{10 wt %) was addad to 1 kg of the catalyst mass
of Example 1. The mass was mixed and subjected

to a heat treatment at 500°C following the same 118

progedure as in Example 1. Tha degree of
reduction was 80%.

Example 43

Polybutadiene in an amount of 8 grams (8 wt
94) was added to 100 grams of the catalyst mass
of Example 1. The mass was mixad and subjacted
+o a heat treatmant at 550°C following the same
procedure as in Example 1. The degree of ¢
reduction was 75%.

Example 44

Powdered polyethylene in an amount of 7
grams (7 wt %} was added to 100 grams of the
catalyst mass of Example 1. The mass was mixed
and subjected to a heat treatment at 400°C
foliowing the same procedure 8s in Example 1.
The dagree of reduction was 70%.

Example 45

Cyclo-octane in an amount of 10 grame (10 wt
%) was added to 100 grams of the catalyst mass
of Example 15. The mass was mixed and was
subjected to a haat treatment at 600°C following
the same procedure as in Example 1. The degree
of reduction was 75%.

Example 48

Cyclononacosana (b.p. 216°C)inan amount of
6 grams (6 wt %) was added to 100 grams of the
catalyst mass of Example 1. The mass was mixad
and subjected to a heat treatment at 860°C
following the same procedure a3 in Exampla 1.
The degree of radugtion was 70%.

Exampla 47

Cyclohexanol (b.p. 161.1 =) in an amount of
10 grams (10wt %) was added to 100 grams of
the catalyst mass of Example 15. Tha mass was
mixad and subjscted to a heat treatment at
550°C following the same procedure as in
Example 1. The degree of reduction was BO%.

Exampla 48

Cyclohexanone {b.p. 202 °C} in an amount of
10 grams {10 wt %} was added to 100 grams of
the catalyst mass of Example 15. The mass was
mixed and subjacted to a heat treatment &t =
B50°C foliowing the same procedure as in
Example 1. The degrea of reduction was 80%.

Example 49

Cyclononacasanons (b.p. 290°C} in an amopunt
of 6 grams (8 wt %) was added to 100 grams of
the catalyst mass of Example 15. The mass was
mixed and subjected to @ heat trgatment at "
550°C folipwing the sams procedure as in
Example 1. The degree of raduction was 70%.

Exaraple 50

Xylene (b.p. 144°C) in an amount of B grams
{8 wt %) was added to 100 grams of the catalyst
mass of Example 10. The mass was thoroughly
mixed and was subjected to & heat troatment at
300°C followling the same procedure as in
Example 8. The degree of reduction was a0%.
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Exampla 51

Ethylbenzens (b.p. 138.2°C) in an amount of
100 grams (10wt %) was added to 1 kg of the
catalyst mass of Example 1. The mass was mixed
and subjected to a heat treatment at 560°C
following the same procedure as in Example 1.
The degres of reduction was 20%.

Example 52

Phenylle acid in an amount of 100 grams (10
wt %) was added to 1 kg of the catalyst mass of
Example 1. The mass WEs mixad and subjected to
g heat treatment at E50°C foliowing the sama
procadure asIn Exarnple 1. The degree of
reduction was B5%.

Example 53

Tert-butylbenzene (b.p. 1 §9.1°C} in an amount
of 8 grams {8 wt %) was added to 100 grams of
the catalyst mass of Example 15. The mass was
mixed and subjectad to a heat treatmant at
550°C foilowing the same procedure as In
Exampla 1. The degras of reduction waa 75%.

example b4

Cumnena in an amount of 8 grams {8 wt %) was
added to 100 grams of the catalyst mass of
Example 1. The mass was mixed and subjacted to
a heat treatrnent at B50°C following the same
procedure as in Example 1. The degres of
reduction was 85%.

Example 55

O-cresol {b.p. 190.9°C) in an amount of 10
grams (10 wt 9%} was addad to 100 grams of the
catatyst mass of Exampie 1. The mass was mixed
and subjected to a heat treatment at 50Q°C
following the same procadure as in Example 1.
The degres of reduction was 95%.

Example 56
Diphenyl ether inan amount of 10 grams {10
wt %]} was added to 100 grems of the catalyst
mass of Example 1. The mass was mixed and
subjected to a heat treatment at 500°C following
the same procedurs as in Example 1. The degree

of reductlon was B0%. -

Exampla 57

§-methyl-2-isopropyl-1 -oxybenzene (b.p.
232.9°C) in an amount of 8 grams (8 wt %) was
added to 100 grams of the catalyst mase of
Example 15. The mass was mixed and subjectad
1o a heat treatment at 550°C foliowing the same
procedure 8s in Example 1. The degree of
reduction was 80%.

Exampla 58

Benzy! alcohol in an amount of 10 grams {10
wt %} was added to 100 grams of the catalyst
mass of Example 1. The mass was mixed and
subjected to a heat treatment st 5560°C foliowing
the sams procedure as in Example 1. The degree
of raduction was 85%.
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"Example 59

Banzaldehyde in an amount of 10 grams {10
wt %) was added to 100 grams of the catalyst
mass of Example 10. The mass was mixed and
subjected to a heat treatment at 350°C following
1he same procedure as in Example 10. The degres
of reduction was 20%.

Example 60

Acetophenona in an amount of 10 grams {10
wt %) was added to 100 grams of the catalyst
mass of Example 1. The mass was mixed and
subjected to a heat treatment at 500°C following
tha same procedura as in Example 1. The dagree
ot reduction was BE%.

Example 61

Renzoic acld in an amount of 8 grams {8 wt %)
was added to 100 grams of the catalyst mass of
Example 15. The mass was mixed and reduced at
500°C, The degres of reduction was 80%.

Example B2

pPyrocatechol {b.p. 2459C) in an amount of 8
grams {B wt 94) was added t0 1 00 grams of the
catalyst mass cf Exarmple 15. The mass was
mixed and subjected to 8 heat treatmant at
550°C following the same procedura as in
Example 1. The degree of reduction was 80%.

Example 63

Resorcinal {b.p. 5°C) in an amount of 8 grams
(8 wt %) was added to 100 grams of the catalyst
mass of Example 15, The mass was mixed and
subjected to a heat treatment at 5B0°C following
the same procedurs 2s in Example 1. The degree
of reduction was 80%.

Example 64

Hydroguinone {b.p. 286.2°C) In an amount of
B grams {8 wt %) was added to 100 grams of the
catalyst mass of Example 15. The mass was
mixed and subjectad to a haat treatment at
550°C following the same procedura as in
Example 1. Tha degree of reduction was B0%.

Example 65

Pyrogallol (b.p. 309°C} in an amount of 8
grams (8 wt %} was added to 100 grams of the
catalyst mass of Example 15. The mass was
mixed and subjected to a heat treatment at
550°C following the same procedure asin
Example 1. Tha degree of reduction was BO%.

gxampie 68

Naphthalene In an amount of 8 grams {8 wt %}
was added to 100 grams af the catalyst mass of
Example 15. The mass was mixad and subjected
1o a heat trcatment at BBORC following the same
procedure as In Example 1. The dagree of
reduction was 86%.

Example 67
Diphanyt in an amount of B grams (8 wt %)
was added to 100 grams of the catalyst mass of
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Example 1. The mass was mixed and subjected to
a heat treatrnent at 450°C folipwing the same
pracedure a8 in Example 1. The degree of
raduction was 80%.

Example 68

Diphanylmethane in an amount of 8 grams {8 wt
9) was added to 100 grams of the catalyst mass
of Example 15. The mass was mixed and
subjected to a heat treatment at 550°C following
tha same procedure as in Example 1. The degree
of reduction was BOS.

Example 69

Msthyinaphthalene in an amount of 7 grams (7
wt %) was added to 100 grams of the catalyst
mass of Example 1B, The mass wis mixad and
subjected to a heat treatment at 500°C. The
degres of reductlon was 80%.

Example 70

Finely crushed steatin in an amount of 6 grams

{12 wt %} was added to 50 grams of the catalyst
mass having the following composition:— §6%
Co: 3.6% Mn; 30% H,PO, 0.4%Na,0,. The mass
was mixed and subjected to a heat treatment at
800°C following the same pracedure as in
Example 1. The degree of reduction was 95%.

Example 71

Mixture consisting of b grams of glycetine and
g grams {10 wt %! of ethylene glycol was added
to 100 grams of the catalyst of Example 70,
thoraughly mixed and the resulting mixture was
subjected to a heat treatment at 700°C following
the same procedure as In Exampie 1. The degrae
of reduction was 907%.

While the invention has been described herein
in terms of the specific Examplas, which are to be
taken as preferred, numerous variations may be
mads In the invention without departing from the
spitit and scope thereof as set forth in the
appended ¢laims.

Claims

1. A process for activating a catalyst
comprising, as active ingredisnts, one of more of
copper, chromium, nickel, cobalt, mangansase,
zing, and aluminlum, which comprises traating it
with a reducing agent, comptising one or mara of
Cq—C,s saturated hydrocarbons, Co—Cag
unsaturated hydrocarbons, Cg—Cae alicyelic
hydrocarbong, Cq~—Ciq aromatlc hydrocarbons,
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Cy—Cys aliphatic-aromatic hydrocarbons, Cx—
Cyq monahydric alcahals, C;—Ce palyhydric
alcohols, phenols, C;—C,, aliphatic aldehydes,
C,—C, aromatic aldehydes, C,—Cs aliphatic
Ketones, C,—Cq alicyclic ketanss, C,—Csy
aliphatic carboxylic acids, C,—C,, estars of
aliphatic carboxylic acids, aromatic acids,
carbonhydrates, vegetable oils, animat fats,
waxes, polyvinyl alcohal, polyvinyl acetate,
polyethylane and polybutadiene; the reducing
agent being used in an amount of 410 15 wt%
per welght of the active ingredient of the catalyst,
and the treatment being carried out ata
temperature ranging from 200 to BQO°Cinan
atmosphera inert to the catalyst.

2. A process according to Claim 1, in which the
reducing agent is diphenyl.

3, A process ascording ta Claim 1, in which tha
reduclng agent Is naphthalene.

4. A process according to Claim 1, in which the
reducing agent is diphenylmethans.

5. A procass according to Claim 1,
reducing agent is methyinaphthaleoe.

6. A process according to Claim 1, in which the
reducing agent is gyclohexanol.

7. A process according to Claim 1. In which the
reducing agent is pentaerythritol.

8. A procass according to Claim 1, in which the
reducing agent is giycerine.

g, A process agcording io Claim 1, in which the
reducing agent is cyclononaccsanone.

10, A process acearding to Claim 1, in which
the reducing agent is dipropy! ketone.

11. A process according 1o Claim 1, in which
ths reducing agent is benzoic aoic.

12. A process according to Claim 1, in which
the reducing agent is a monosaccharide.

13. A process according 10 Cisim 1, in which
the reducing agent is a disaccharide.

14. A progess according to Claim 1, in which
the reducing agentis a polysaccharide.

18. A procass accerding to Ciaim 1, in which
the reducing agentis a C,e—Cas paraffin.

186. A process according 1o Claim 1, in which
the reducing agent is octene.

17. A process according to Claim 1, in which
the reducing agent 1s benzaldehyde.

18. A process according to Claim 1, In which
the reducing agent is cyclohexanane.

19. A process according to Claim 1,
substantially as herein described with reference 0
the foregoing examples. -
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