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COMPLETE SPECITICATION
Improvements in Catalytic Contact Masses

1, Orro REITLINGER, of 101, 80th Road,
Kew Gardens, Queens, in the County of
Queens and State of New York, United
States of America, do hereby declare the

® nature of this invention and in what
manzer the same is to be performed, to be
particularly described and ascertained in
and by the following statemetd:—

The present invention relates to the

10 structure of catalytic contact masses. The
activity of a confact mass is determined

¥ i — _

(1) The degree to which the energy of
activation necessary for causing a given

15 reaction is reduced by the catalytically
acting substance. 'This activating pro-
perty, which depends on the chemical
nature of the compound or compounds io
be msed as eatalysts, determines the course

20 of the reaction; )

(2) Tts efficiency, which is defined as the
amount of eomployed compounds which
react ot o given temperature and a given
pressure per unit of welume of reactor

95 space filled with the catalylic mass, and
per unit of time. This latter properiy is
controlled by the physical structure of the

.contact mass, and ean be changed and
improved.

80 The primary object of thiy invention is
to provide confact masses of improved
efficiency, —(as defined under 2)—, and
methods for preparing same.

The application of non-volatile catalysts

85 in powder form for heterogeneous reac-
tions suffers Trom the severe disadvantage
that powders clog the reactor space and
inhibit the homogeneous passage of gases
and liquids through the reactor. The

40 following methods have been described for
nbviating these diffieulfies:— .

(1} The method of fluid catalysis, This
method is confined $o rugged catalysts and
also is restricted as to the size of the par-

&8 ticles, Furthermore the difficulties of
separating the catalyst particles from the
reacting gases increase with decreasing
size of the particles. .

(2) Mixing the catalysts in powder form

[Pric

with inorganie fibres such as glass, wool, 50 .
ashestas, minera] wool, and the like,
whereby the difficulties arise of reproduc-
ing the same efficiency in different batches
of the catalytic mass, and also of cbtain-
ing in this way a completely homogeneous
efficiency of the catalyst per unit volume
throughout the reactor. Electro-micro-
scope pilcbures of such catalytic masses
(. Turkevich, Journ, of Chem. Physics,
vol 13, 1945, p. 288) reveal that a small 60
fraction. ouly of the wsurface of such
inorﬁamc fibre masses is eovered with the
catalyst and a large poriion of the free
reactor space iz bare of catalyst powder.

(8) Compounding the powder of the 68
catalyst into shapes with or without sub-
gequent  sintering—By pelleting such
powders the pores and the voids in between
the patticles are reduced, and the time
necessary for the gases to diffuse through 70
these pores is inereased and the necessary
space veloeity decreased, which iz equal,
to reducing the’yield that can be obtained
al a given space velocity, Also a method
of employing relatively low pressures for 15
moulding such :bodies from powders as
was recently deseribed, cannof prevent
such undesirable reduction of the active
space and of the size of the pores. By
admixing inactive ingredients to the 80
powders of catalytically active substances
the active part of the internal gurface is
substantielly reduced, thus reduecing the
efficiency, -

By my invention a novel structure of the 38§
contact mass is provided which maintains
the advantages of a powdery eatalyst
without having the aforesaid dis-
advantages.. .The novel contact mass is
composed of an individual carrier or %0
carriers to which is firmly bonded a home-
geneous surface mmlti-layer completely
covering the. earriers. and consisbing of
ccherent pardicles of the catalytie powder,
This surface multi-layer is formed by the 95
discrete coherent particles of the eatalytic-
ally active powder immobilized in a stable
packing arrangement the size of the pores

R
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tormed by the interstices between the par-
ticles being of essentially the same order
of magnitude as would be presented by a
layer of loose particles of the same powder.

The invention consists in a method of
- bonding a powdery catalyst in a plurality-

of porous layers to the surface of the car-
rier elements of a contact mass, COMLPrig-
ing the steps of combining with, or apply-
ing to, a preferably porows metallic or
non-metallic carrier, a metal compound
bonding substance, capable of adsorbing
water vapour andfor orgamic vapours,
drying, treating said dry carrier with a

10

15 catalytic agent, for instance a metal:

oxide or a mixture of metal oxides and/or
metfals, in powder form, containing the

same and/or different mefal components.

as the metal compound bonding substance,
in an atmosphere containing, or saturated
with, or super-saturated with water
vapour, andfor with organic vapours
capable of being adsorbed by the bonding
substance and by the catalytic powder or
applying to said dried earrier o which
the bonding substance has been applied a
firmly adherent powdery multi-layer sur-
face of catalytically active metal com-
pound in the form of loose particles in, the
presence of an amount of water andfor
organic liguids so limited as to be com-
pletely adsorbed by said layer-forming
compounds without affecting the powdery
packing of said particles, and continuing

20

25

80

85
pletely and firmly. covered with a multi.
layer of said.powder.

The invention also consists in a method
© ag set forth in the preceding paragraph

ciency thereof being improved by the sub-
sequent treatment with an addifional
45 catalytic agent in powder form.

The invention also consists in the
improved catalytic contact masses pre-
pared by the method.

According to my process very fine

0 powder parficles are assembled in a plaz-
ality of layers enveloping the carriers to
the surface of which the innermost layers
are honded only by the adhesive forces of
the water vapours or vapours of organic

85 substances which are adsorbed by the sub-
stance with which the carriers are pre-

treated and by the powder particles from

which the powder multi-layers are

assembled during the state of their forma- .

80 tion. .

The eritical features of this provess are:
the exclusion of any pressure, and the
exclusion of any -adhesive or flux for
assembling said powder multi-layers.

8 The advantages of the use of said

said freatment until the earrier iz com-.

wherein the dried earrier to which the:
bonding substance has been applied is -
itself a catalytic contact mass, the effi--

-multi-lavers is

powder multi-layers for catalytic reactions
Are 1—
a) The magnitude of the size of the
openings of the maero.pores of the cataly-
fic powder multi-layer can be selected by 70

- choosing the size of the powder particles,

The thus pre-determinable size of the apen-
ing of the macro-pores can be arranged io
be in the range of the mean free path of
the molecules of the reacting gases uuder 75
the conditions of the reaction. These are
the optimum conditions because if the
openings of the macro-pores ara smaller,
the diffusion of the reactants into these

pores and the diffusion of the reaction pro- 80

‘duets out of these pores is impaived while

the gas flow passes along these powder
mulii-layers. * Virce versa, if the openings

of the macro-pores are larger than this
minimum size the inner active surface of 8%
the powder layer, formed by the surface ot
the pores, is unnecessarily reducad.

b) The surface of the walls of the macro-
pores of the powder multi-layers, formed
by the individual powder particles and of
the micro-pores  of +these mulii-layers,
which micro-pores are contained in the
individual powder particles, is formed
only by active material, and is not infer.
spersed with inactive or less active zones
of any adhesive or fux. Therefore,
whereever the molecules of the reacting
gases contact this inner surface of said
powder multi-layers they can react.
¢y The exelusion of any adhesive or Aux 100
for assembling and forming the multi-

90

95

lagers precludes the clogging of the pores

and the entering of Inactive material
into said pores by adserption.

 d) By this arrangement the catalyiie 10§
efficiency  of eatalytie substances is
inereased many times,—for the same reac.
tion, and under the same conditions of
reaction—, over the efficiency of the same
substanees prepared by any of the 11C
methods hithertp Lknown. :

The ineresase in efficiency.of these new
contaet nasses is epused by their ahility to
allow the gases in diffuse freely through. -
out the powder layers,—and the formation 115
of these layers depends op the ability of
the powder particles aud of the substance
with which the earriers gre pre-treated to
adsork vapours, eausing the eohesion of -
the powder particles and the ndhesion of 120
the innermost layers of same to the sup-

‘port to which an intermediante layer is

applied which adsorbs the same vapours,

Thus, the formation of these powder -
-la closely related to the 1925
capability of the constitnents from which
the powder particles are formed, and of
the substance with which the carriers are
pre-treated, to adsorb vapours.

--As a filling of a reactor for the cataly- 180
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tic aectivation of chemical reactions in
fluids, the described contact mass forms
three systems of infercommunicating
channels of widely differing magnitade

B and therefore for completely differing pur-
poses. The firsgt system is o lattice or net-
work of ecommnunicating channels formed
by the individual aggregates and serves
to control the hydrostatic conditions for

10 the regular and homogeneous flow of the
flrids through said reactor. The second
sysbem is a lattice or network of communi-
cating channels formed by the individual
powder particles of the powder multi-

18 layers. These channels are the inter-
stices bebween the individual powder par-
tieles and are the macro-pores of the
powder multi-layers. The mean diameter
of these macro-pores is arranged to be at

20 least of the magnitude of the mean free
path of the molecules of the gases under
the conditions of the reaction, The chan-
nels of the second system,~—which are the
macro-pores of the powder mulii-layers

2% —, communicate with the channels of the
first lattice and serve for the diffusion of
the gases throughout the powder multi-
tayers. The channels of the third system
are the micro-pores in the individual

80 powder particles. They open into the
macro-pores of the powder multi-layers,
and serve for the adsorption of the gases
or vapours and for the eatalytic activa-
tion of chemical reactions,

88 In carrying out the invention, a porous
granular support of non-metallic or
metallie carrier material iz impregnated
with & hydrophilic metal compound, form-
ing a honding or ground layer. To the

49 surface of the impregnated support iz
applied a porous powder mulii-layer con-
sisting of discrete coherent particles of a
bhydrophilic metal cempound which may
be the same or n different metal o the

45 meta]l compound with which the earrier
material iz impregnated. The powder
particles of this porous powder mmlti-
layer adhere firmly to, and cover com-
pletely, the impregnated carriers, This

80 surface multi-layer is applied io the
impregnated cores in the form of diminu-
tive particles giving the surface layer of
porous structure, the mechanical strength
of which is increased, if necessary, by

85 causing the powder particles to cohlere or
tc bake together by heat treatment,

In the specification, the term ‘° hydre-
philic 7’ has been wused generieally to
designate compounds,. which, becanss of

60 their chemiecal properties or their speci-
fie physical structure, adsorb not only
water vapour but also other vapours from
the surrounding atmosphere; it iz well
known in the art of adsorption that prac-

85 tieally all substances and structares

which adsorb water vapour adsorb organic
vapours as weil.

If is not possible to obtain a uniform
coherent surface layer, as defined herein.
before, upon a porous carrier by merely 79
coating or impregnating the carrier with
the catelytic material. If the carrier,
even in a moist state, is treated with the
gatalyst in powder form, the powder does
not adhere te the carrier so firmly as to 78
form a homogeneous layer. If the carrier
is impregnated with a solution or suspen-
sion of the catalytic substance and sub-
sequently dried by heating, the coating
shrinks and the surface consists more or HU
less of aliernating areas formed by the
catalyst proper and by the material and
the pores of the support. Heretofore, it
wasg even presumed such a straciure of the
surface of a contact mass was particularly 88
efficient (c.f e.g. the book * Catalysis ™
by Berkman, Morrel and Egloff, 1940, pp.
456—482 where the favourable influence of
the pores of the carrier material upon the
efficiency of the catalyst is deseribed).

In order.to obtain a coherent and homo-
gensous layer of a catalytic powder upon
a carrier, 1t is Iecessary to increass the
adhesion of the catalytic material to the
support, According to this invention,
this increased adhesion is obtained by a
suitable pre-treatment of the support, for
instance by impregnating it with a sub-
stance capable of adsorbing water vapour
and/or organic vapours or, preferably, by 100
precipitating . from a solubion an inber-
mediate layer of the catalytic or a similar
material upon the support. I sub-
sequently a powder of the -catalytic
material is applied to the impregnated 105
support according fo the process of the
invention, it adheres firmly thereto, In
this way, a contact mass is formed which,
even under .the microscope, has a com-
plstely uniform and homogeneous appear- 110
ance and a catalytic efficiency by far
superior to contact masses consisting ot
the same support and the same catalyst
but prepared by impregnation only or by
powder coating only.

The impregnating ground layer and the
surface layer may consist of ferric oxide.
In one or both layers the ferric oxide moy
be replaced, wholly or in part, by other
oxides or mixfurves or oxides such zs 120
chromium sesquioxide, vanadium sesiqui-
oxide, cobalt oxide. thorium oxide, or
other oxides of the transifion metals
known for their calalytic activity. Tn this
way, J:pixed catalysts are obfained, and 125
depending on the specific meta] oxides
which are used as catalysts it is possible to
predetermine the energy of activation
which shall be applied to the reaction.
This permits of controlling the degree of 180

90

85

115
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oxidation or dehydrogenation at which it
is desired fo stop the reaction. The effi-
cieney of the cafalyst is, however, con-
trolled and determined by the size of the

5 particles of the ecatalytic powder, by the
thickness of the outer layer formed by this
powder, and by the size of the grains of
the carrier material.

In its broadest form, this method may

10 e defined by the steps of combining with
the carriers which may be in the form of
grains for example a bonding substance
caunsing the catalytic surface muli-
layer to adhere to said carriers and sub-

15 sequenily treating said carriers accord-
ing to the present invention with a cataly-
tic agent in powder form until they are
comp?e’sely and firmly covered with a
eoherent layer of said powder.

20 The ordinary contact masses prepared

by merely impregnating a carrier with

 the ecatalytic agent and drying it show,
under the mieroscope, a chesshoard-like
surface formed by alternating zonmes of

25 catalytic and carrier material.  These
alternating zones correspond to areas of
diferent catalytic efficiency; the reaction
being confined to the zomes covered by the
catalyst. _

30 In contradistinefion to these contach
masses prepared by impregmation only,
the confact masses obtained according to
this invention have a coherent porous
outer packing arrangement wholly com-

85 posed of the catalytic agent and not inter-
rupied by inselive areas of the earrier
material. The inner and outer surfaces
offered to the reacting gases are wholly
composed of ecatelyfic material and,

40 therefore, greatly imcrease the reaetion
rate. )

Cohering, or beking together, of the
small powder particles compesing the
puter Jayer may, if necessary, be brought

45 about by the action of hydrogen chloride
znd oxygen at elevated fempertiures or
by heating only; the best way will depend
or the physical and chemica] properties
of the particular substances that are used

50 for activating the reactions hereinafier

" deseribed.

When for instance the granules are
covered with such substances which are
catalysts for the reaction of hydrogen

55 chloride with oxygen. whereby chlorine
ie formed, the mechanical sirengih of
these active shells can be increased, with-
out substantially reducing the size of the
peres and the active inner surface of the

80 active surface layer, by subjecting the
granules to the action of hydrogen
ehloride and oxygen ai elevated tempera-
tures. . .

" Tt appears that the mechaniea] stability

. 85 of the surface powder multi-layer as nor-

mal temperatures is maintained by the
adsorbed vapours of water and/or
organie subsfances by the hydrophilic
intermediate immpregnation layer, and by _
the adsorption of these vapours by the *0
internal surface of said surface powder -
mudti-layer, the internal surface of whick
iz formed by the pores or intersiiees in
between the individual eatalytic powder
particles from which these powder mulii-
layers are formed. In the reactor, the
water vapour and /or organie vapours will
be desorbed but the powder particles will
cohere to each ofher amd adhere to the .
support when subjected to the elevated ©
temperature; as soon as the granules
leave the wreactor, they rendsorb water
vapour =nd the original state is
restored,

I have further discovered that said 53
novel structures of eatalytic masses car
also be applied with great advantage o
the building up and combining of eatnlyiie
mdsses, the entalviie active constituents of
which are metals and alloys in the pure
state or stll confasining some other com-
pounds, such as oxides and chlorides and
also metals containing carhides or other
components affecling and determinipg
their activating quality as defined under 90
1 above,

The preparation of the novel eatalysis
and their use will now be described in
greater detail by means of the follawine
examples for oxidation, chlorination, 100
dehydrogenation aund evelisation reactions,
ag well as for additien reactions, for
hwdration, for hydrogenation and allkyla-
tion reactions. The properties and effi-
ciencies of some of the representative gnes 108
ara - illustrated in comparison with fthe
same eatalysts of the same chemical com-

50

position but prepared aceording to the pre-

viously kpown methods, Al parts are by
weight vnless otherwise stated, Tt will b= 110
undersiood that the inventiom iz not
limited to those spzeific smbodiments ond
particular data given sinee the examvles
ave given nrimarily for purposesz of illus-
tration only,
o Exames L

Granules of suitable size of any of the
known porous rarrier materials sueh as
Fuller’s earth, silica gel, and the like. but
preferably eranwles of pumice within the 120
range of 20 to "0 mesh sre allowed to
stand in a concmirated aquesus fervie
chioride solution for a period of abowt 24
hours. Ther ar: then separated from the
remaining ferr . chloride solution and 125
dried at a temr -rature of aboui 180° C.
Thegs grains are filled into a tube through
which gaseous ammonia is slowly passed
for a period of about one hour, The grains
are then brought into concentrated aquecus 1
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ammonia and left therein for about 24
hours. )
The agueous ammonia is then decanted
and the grains are washed unfil red litmus
5 paper retaing its colour and until the TS~
pended; excess of precipifate, of ferric
bkydroxide -has been removed with the
wash water, while the ferric bydroxide
contained in the pores and upon the gur-

10 face of the grainsg is retained therein and
thereon. The grains, which are now
impregnated with ferric hydroxide, are
dried at a température of abouwt 200° C.
and filled into a reactor tube in which they

14 are subjeeted, at o temperature of about
4850° C. and for a period of about 2 hours,
fo the action of a gas stream containing
about ten parts by volume of air and about
four parts by volume of hydrogen chloride.

20 The flow velocity of the gas stream is
Immaterial; I prefer to apply a space
veloeity of about 8.25 per minute. The
carrier grains may be subjected, before
and/or after applying the catalyst metal

2b compound in powder form, to the combined
action of hydroger chloride and oxygen or
air at elevated temperature, getween
200° C. and 7507 C, but preferably
between 400° C and 600° C.

B0  Afier cooling, the contact mass proper
is prepared by shaking the impregnated
grains with ferric oxide, e.g. in a propor.
tion of 40 paris of ferric oxide to 60 parts
of impregnated grains. The ferric oxide

85 is preferably applied in the form of a fine
powder, for instamce so fine thaf 96 per
cent, pass through a sieve of 325 mesh.
The powder iy gradually added to the
grains in a humid atmosphere, which may

40 be super-saturated with water vapour. In
this way, the grains adsorb a certain
amount of water and hold the ferric oxide
powder firmly upon their surface. TIf this
operation has beef properly done, the walls

45 of the shaking vesse] should not show more
than slight traces of the ferric oxide; the

humidity should be controlled in such 2
way that the finished grains do not leave
behind more than scant fraces of ferric
oxide when skiding over dry glass or
smooth paper. This ig a good indieation
that the ferric oxide layer adheres suff-
ciently to the pumice supports. Micro-
scopic observation of the grains shows
that they are completely covered with a
dense, velvet-like layer and do mot show
uny free spots; each grain presents om its
surface the aspect of a sponge; the small
particles of the ferric oxide powder form-
ing the innemerable walls thereof.

146.6 grams of the above specific mass,
containing about 58 per eeht. of impreg-
nated pumice grains, about 39 per cent.
of ferric oxide applied in powder form,
and about 8 per cent of water, are loaded 86
inte a vertical glass fube of 26.5 mm. I.

D. over a length of 294 mm, The part of
the tube above the contact mass is Alled
with small pieces of stoneware over g
length of about 235 mm, and serves as a 70
preheater, .

The reactor is heated as a temperature
of ahout 490° C. and the preheater is
brought to a terperature of about 440° (.
After passing a’gas mixture containing 76
about 10 parts by volume of air and about
4 parte by volume of hydrogen chloride
through the tibe for a period of about 2
hours; the reactor is ready and fit to be
used for oxidation, chlorination or other &)
Processes.

50
]

60

Ezamrrm I1. -
Table I shows the results of variou
1uns made in the reactor and with the con-
tact mass described in Example 1, for the
chlorination of methéne by medns of
hydrogen chloride and oxygen in air
according to the reaction.
CH,+2HCL+#{20,=CH,_, Cl.+2H,0
whzrein @ stands for any integer from 1 g
'tO . Lo -

s Tasrp 1.
Gas mixture by, volume: CH,:HCl:Air=4:4:10"

Temperature Flow Space . Percéntage Yield
9b %1;31 Reactor P Preheater Veloeity Velocity “ HC1 basis CH, besis
A 4917 C. 400° C. 385 ce/min 2.46 69.39 45.43
B 491° C. - 400" C. 507 ec/min .24  69.73 43.63
C 491° C. 430° C, 507 ce/min 3.2 - T047 44.13
D 491* C. 440° C. 651 cofmiy 4.1%:.; 67.88 43.77

The chlorinated end prhduct consists of
moabeut 38.10 per cent. of nethyl chloride,
40.20 per cent. of met1ylene-chloride,
18.45 per cent, of chlor form, and 3.25
per cent. of carbon tetracl oride. The table
10gshows a uniform and very aigh conversion
of 68 to 70 per cemnt, wit. zespect to the
hydrogen chloride and of about 44 per
cent. with respect to the methane.
Whereas Table I shows the results

obtained with < the mnovel pontact mass, 110
Table IT gives the results of control tests
made with the sams reactor, for the same
reaction, under exactly the same experi-
mefifal conditions, and with the same
chemical eompound, ferrie oxide, as a 115
catalyst. The ferric ozide was used as
such or precipitated on various porour car-
riers in accordance with standard methods

of preparation,
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" Tasrs 11,

Gas mixture by wvolume:CH, :HCL: Ajr=4:4:10

Run _ Teﬁperaf:ure
& No. Reactor Preheater .
G 491° (, 3917 C.

10
H

4917 G, 200° C.

T 491° C.
J 0 491° C.

391° C.
391° C.

15

E . 491°C.  100° C.

20

I
s

491° C. 400° C.

M. 487°C  400° C.

B :
In runs H, K and I, the impregnaticn

of the supports was carried out in the same
way as described in the first part of

Example I but without sheking the
impregnated grains with the ferrie oxide
powder.

A comparison of Table I and Table IT
shows that pumice grains impregnated

- with ferric oxide according to Jmown
40 methods convert 10 per cent. of the hydro-
gen chloride (run X) whereas the novel
catalyst, under exzactly the same condi-
tions, brings about a eonversion of 63 to
70 per cent. (runs A—T).

Table IT shows further that the same
poor resulis were obtained by wuwsing
ferric oxide without a carrier (rums I, J)
or by applying ferric oxide powder o an

a5

Flow
Yelocity
469 cefmin
805 cofmin

806 co/min

379 cejmin,
513 cefmin
507 cofmin

- 123 cef/min

Percentage Yield
HC1I CH,
Contact Mass basis basis
Fe, 0, powder
on, punlice (mesh
60y prepared by
shaking in humid
afmosphere
Fuller’s earth
(mesh £0) impreg-
nated with ¥e,0,
Fe,(, Hematite
crystals (mesh 20y
Fe, (), antorphous
mineral grains
(mesh 20 to 60
Grains of pumnice
(mesh 20 to 60)

Impreghated with

g2l
Silica (el (mesh
4 to 20 fmpreg-
uated with ¥e, (),
Fe, 0, powder on .
pumice {mesh 80
to 120) prepared
by shakine in
humid atmosphere 16.05

865 4.3

.83
5.98

PJ
oy

114
10.0:

&t
&

(11

5.0 2.

8.2
unimnpregnated carrier {(run ). Even
when in the latier case the chlorination is 59
carried out at very low and uneconomic
gas velocities (run A) the yields are less
than a fourth of those obfained with the
new catalyst at mormal veloeities. )

Exavern IIT, -

Table IIT shows the results of two ruus
made for the chlorination of ethylene by
means of hydrogen chloride and oxygen or
air according to the resction:—
CoH, +aHCT +2/2 0.= 80
. C.H, .Clz+2H,0
wherein x stands for any integer from I fo
4. The runs were made with the same

1]

catalyst material and in the same reaetor

as the runs of Table I. -

Tasra IT1.
ce Percentage
- . . Yield
Bun _ Temperature Flow Space Gas mixture by vol. HC1  C,H,
70 No. |QReactor Preheater Velocity — VelocityC.H,:HCL: Air asis
’ E  491°C. 440° ¢, 5l0cefmin 3826 4 : 4 : 10 667  36.0
F  491°C. 440°C. 452¢cfmin 2.9 2 : 4 0 56.65 52.73

In run B, the chlorinated end product
consists of 30.50 per cent. viuyl chloride,
75 2750 per cent. dichloroethylene, 37.70¢
per cent. trichlorethylene, and 4.30
per ceny. tetrachloroethylene for run ¥,
the corresponding fignres are 30.65, 23.20,
30.65 and 9.5( per cent.
If the catalysts of Table IT are wused,

.
hardly 10 per cenmd. of the hydrogen

ihe

chloride can be eonverted to ehlorinated
olefines whereas under the same conditions
the novel eatalyst brings about a conver-
sion of G6.76 per cent. for equal parts by 85
volume of hydrogen chloride and ethylene
and of 56.65 per eceni. for a ratio
gf 4ethylene to hydrogen echloride of

chlorination of saturated or 90
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unsaturated aliphatic hydrocarbons and
the composiiion of the chlorinated pro-
ducts is controlled by the nature of the
hydrocarbon and the ratio between hydro-

B gen chloride aid hydrocarbon introduced
into the reactor. 'The greafer this ratio
is, the greater will be the proporfien of
higher chlorinated hydroearbons in the
en%l produet. The novel structure for con-

10 izct masses can also be used with advan-
tage for the chlorination of other than
aliphatic hydroecarboms. The chlorina-
tion of benzene, for instance, is readily
obtained in this way, and the hydrogen

1% chioride is wholly combined with the
benzeuve to form chloro-substitution pro-
ducts of benzene when a gufficient excess of
benzene is used.

Chlorination is only a specific case of

20 the general group of oxidation reactions.
The novel catalyst can, therefore, be used
generally for oxidation reactions in the
gaseous phase. In many cases where the
known oxidation catalysis were not active

25 or efficient enough for industrial applica-
tion, it can be expected that with the aid
of the new catalysts prepared according
o this invention the reactions will be car-
ried out on & commercial seale. The novel

80 catalysts can, for instance, be employed
for the oxidation of hydro-carbong or for
the ring formation from paraffing, i.e.

benzene from hexzane or toluene from

Leptane.

Though the new catalyst and the method
of preparing it has been illustrated by the
example of ferric oxide, other metal

_ oxides or metal compounds may be used
and prepared in the same way, elther for

40 both oz only for ome or the surface layers
upon. the carrier material. Grains of a
porous carrier are first impregnated with
ferrie oxide as described above and then
ghakenr with another mefal oxide in

45 powder form, for instance with chromium
OF manganese sesqui-oxide, or vice versa;
in this way, mized catalysts of high effi-
elency and specific activity are obtained.

The contact masses deseribed herein-

§o Defore are particularly useful with respect
tc the oxidation of organic compounds
when it is desired to prepare cerfain oxi-
dation, products with the exclusion of

.. other, ag for instance in the oxidation of

55 foluene io benzaldehyde with vanadiwm
oxide as a catalyst.

It is also possible to prepare mized
catalysts by applying to the impregnated
gratmules of the carrier a mizture of

g0 powders of suitable metal oxides. These
powders may preparved either by
merely mixing the powders of different
metal oxides or by co-precipitatingi differ-
ent meta] oxides and subsequently con-

g5 verling the precipitate fo & powder. A

85

mixture of the pewders of chromium and
molybdennm sesqui-oxides is snitable for
the dehydrogenation and cyclization of
heptane to toluene,

Uzidation and chlorinatien reactions
are strongly esothermic, Thus msual
carrier material for catalysts hag a very
low therma] conduectivity; it is, therefore,
often difficuli to maintain the optimum
temperature for a catalytic reaction within 75
the contaet mass and to avoid loeal over.
heating and decompositions of the reac-
tion products.. Thiz drawback can be
obviated by using a porous metallic car-
rier material of high thermal econdue-
thvity,

A metal carrier must be used which—
under the condilions of the reaction—
does not reduce the metal oxide which is
used as the catalyst, to the next lower
pxidation sfage.  Therefors, bronze is-
suitable as a carrier for chromium sesqui-
oxide but not for ferrie oxide,

The surface.of the porous metal car-
rier must be pre-treated by impregnation
ir the same way as described above for
non-mstallic carriers in order to obtain a
frwly adhering surface layer of the
powdered. metal oxide or other catalytic
compound, Porous metals as produeced
for varivus technical applications by
ginféring metal : powder are n suifable
carrier material.

70
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Exarery IV.

The addition reaction of ethylene and ypg

hydrogen chioride to form ethyl chloride.
CH,+HCL=C,H,C1

145.5 grams of the confact mass, pre-
pared according to Example I, containing
about 60 per cent. of impregnated pumice 105
graine aud about 40 per sent. of ferric
oxide applied in powder form, are loaded
into vertical fube of 26.5 mm. I, D. gver
a length of 294 mm., :

. The steps of subjecting the impregna- 119
tion layer and the surface layer ic the
action of hydrogen chloride and oxygen,
as described in the Example I, are
optional and may be dispensed with, If,
however, these two steps are carried out,
the graing before serving as catalysts for°
thig reaction, have to be freed of chlorine
which has been faken up e.g, in the form
of a ferric pzychlogide. % stream of
0xXygen or air is passed over the graing at
about 4900° . until the lea.vingggases do 120
not contain any more chlorine. This step
ean be ghortened by admixing methane or
another switable ~hydrecarbon in the
stream of air. -

A gag stream. of about 500 ce. per minute
of dry ethylena and dry hydrogen chloride
1s passed through the tube at atmospheric
pressure, The employed gas mixbure is

125
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by volume: C.H,:HCl=1:1.1. The
gases enter the reactor at room tempera-

ture, i.e. at about 25° C. and care has fo-
be taken that the internal temperature in -

5 the centre of the reactor does not rise sab-
stantially over about 60° C. The result-
ing ethyl chloride is sepavated from the
exit gases in kunown wanner. The con-
version. rate on the basis of ethylene is

10 about 93 per cent.

Controlp tests were made with the same
reactor, for the same reaciion, under
exactly the same experimental conditions,
and with .the same chemical compound,

1§ ferric oxide, as a catalyst. The impregua-
tion of the supports was carried out in the
same way as described in Example I but
without applying the surface layer of
ferric oxide powder to the impregnated

90 grains.- - : i -

Hardly a 15 per cenf. conversion rate on
the basis of ethylene could be obiained.

: Exavpry V.
For the addition ceaction of acetylene
25 and hydrogen ehloride. . .
C.H,+HCI=C,H,C1

tc form vipyl chloride af about 250° C.,
the following contact mess is used with

advantage. t y
80 any of the known. porous cazrier materials
such ag Fuller’s earth, silica gel, and the
like, but preferably granules of pumiee
within the range of 20 to 60 mesh are
impregnated with, cupric chloride, dried
28 and then agitated with a fine powder con-
sisting of gbout -two parts of caleium
chloride and_one part of barium chloride.
Caleium chloride 15 delinquescent and con-
tains sufficient adsorbed wafer to obviate
40 the necessity of the presence of additional
water vapour in the stmosphere in which
the impreguated grains are agitated with
the powder mixture of ealeium chioride
and barium chloride, The advantage of
this new contack resides in the fact that it
4§ allows to obtain good results without the

admixture of mercuric chloride fo the

eatalyst; vinyl chloride - obtained over
mercurie chloride contact masses always
containg traces of that compound, which
50 have to be removed. - - - .
- Exaupre VI
Preparation of acetone from acetylene
and steam according to the eguation:—.
2 ¢,H,+8 H.0=CH,CQCH, +2 H, +C(,
Grains of pumiee of the size within the
range of 20 to 60 mesh which previously
have been provided with an impregnating
inner graund layer of ferrie oxide as des-
cribed in Fxample I are provided with a
80 surface layer by agitating them with a fine
powder consisting of aboul equal parts oI
ferric oxide and zinc oxide in the presence
of . water .vaponr which preferably is

b6

Granules of suitable size of

supersaturated. About 45 parts of said
forric oxide-zine oxide powder are gradu- 66
ally applied to about 55 parts of the
impregnated grains, The same vertical
reactor as deseribed in Example 1 is loaded

“over a length of 300 mm, and is broughi

to a temperature of about 740° C—I12 70
litre per hour of acetylene and about 15
grams of steam per hour are passed at
this temperature through the reactor.
From the condensate of the exit gases
consisting of aqueous acetone, with iraces 75
of aeetic acid, and acetaldehyde, acetone

is separated by liguid/liguid extraction,

to be stripped from the solvent by sub-
seyuent distillation. The yield of acefone

on Ehe basis of acetylene is ahout 60 per |0
cent.

Control tests made with porous grains
provided either with an lmpregnating
ground layer only comsisting of ferrie
oxide and zipe oxide or with a surface 85
layer only comsisting of the said com-

-pounds, gave as a result hardly a 10 per

cent eonversion rate on the basis of ace-
tylene,
Exavere VII, 90
.. Hydrogenation of carbon monoxide,
(Fischer-Tropsch Proeess{.
. As deseribed in Example T of this appli-

-catipn, grains of pumice, about half of

them within the range of 20 to 40 mesh 95
and half of them within the range of 40
to 60 mesh, are provided with an impreg-
nating inner ground layer of ferrie oxide.
The material for the surface layer contains
about 4% of potassium carbonate, 259% of 100
cupric oxide, 5% _of mangansse oxide and
92% of ferric oxide and 1s a fine powder,
for instance so fine that 959 of sae pass
through a sieve of 325 mesh. This powder
13. prepared either by merely mixing 105
powdered copric oxide, manganese oxide,
and ferric oxide in above propertions, but
preferably by co-precipitating these com-
pounds with potassinm hydroxide and sub-
sequently converting the precipitate after 110
washing and drying into powder of 825
mesh. The powder mixture is soaked with
ar aguegus solution of potassium carbonate
confaining sanre in such concentration that
the dried powder coniains 39 by weight 115

-of this aikali. The soaked powder is dried

and ground again fo the size passing a._
sieve of mesh 325, The surface layer is
applied to the impregnated grains—as des-
cribed in Example I—by shaking them in 19¢
a humid cimosphere with the powder
mixture. 45 parts of this powder are
gradually applied to 55 parts of the
impregnated grains, As deseribed in
Example I, after the application of the 195
impregnation luyer and again after the
applieation of ihe said surface laver the
grains ave subjected to the combined
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aciion of hydrogen chloride and air at
about 400° C. for about two hours, These
steps serving to increase the mechanieal
strength of the surface layer may be dis-

§ pensed with if such inerease of the mecha-
vical strength 1s not necessary or nct
desired, If, however, these sbeps are car-
ried out, the graing have to be freed of
chlorine taken up in the form of ferric

0 oxy-chloride and cuprie oxy-chloride as
described in Example IV.

148 grams of the above described contact
masg are loaded into a vertical tube of
mild steel of 26.5 rom. 1.1 over a length

15 6£ 300 mm,. The reduction of the powdery
metal oxide particles to metal iy effected
by pagsing through the tube dry carbon
mongxide at a rate of 45 litres per hour
for 11 hours at about 825° C. If an

20 increase of the mechanical strength of the
surface layer is desired, the small iron
particles of which it is composed are
slightly sinfered by passing hydrogen
throngh the tube at about 400° 45 500° C.,

28 but preferably at about 4560° C. this latter
operation of sintering should be followed
by a second treatment with carbon mon-
oxide at about 3256° O.

After reduction of the contact by means.

80 of carbon monoxide the temperature is
lowered to abount 230° C. and s gas mixture
containing egua] parts by volume of car-
bon, monoxide and hydrogen is passed
through the reactor at the rate of 508 ce.

88 per minute, i.e. with a space velocity of
3.25 per minute, During the first 24 hours
the contraction (being the percentage
difference, between the initial volume of
gas introduced and the final volume of gas

40 Teaving the reactor) increases gradually o
approx. 50 per cent whereapon it remains
stable, and the average yield of hydra-
carbons amounts to about 130 grams per
cubic metre of employed water gas. About

4B G0, of the obtained products are liquid
hydrocarbons, about 20% are solid para-
ffins and the balance consisis of kydrocar-
bons having more than two C-atoms in the
molecule.

50 The reduction described in the present
example can also be effected by means of
water gas as used for the synthesis, i.e.
with a mixture of equal parts by volume of
carbon monoxide and hydrogen at a tem-

58 perature of about 2657 C.

Comparable resulis with an iron catalyst
were reported only when asing a pressore
of 15 atmospheres (I7.8. Patent Speeifica-
tion No. 2,257.457), whilst the working

60 condition according fo the given example
ir atmospherie pressure.

According to the specification of the
cited United States patent the catalyst was
prepared ag follows: In a solution, heated

65 to boiling temperature of iron aitrate

which containg for instance 50 grams iron

per litre; the iron is precipitated, prefer-
ably under stirring, by introducing a
vigorous stream of ammonia gas, The iron
precipifate iz separated by fliration and 70
the main part of the ammonium nitrate
removed by washing; the last izaces
escaping during subseguent heating. The
washed catalyst is now impregnated with

a 1% potassium carbonate, calculated for 75
iron; is dried at 110° C., granulated or
compressed, and filled inte the catalytic
vessel.

‘When working wnder atmospherie pres-
sure_the highest yield reported, i.¢. by 80
the disclosure of U.8, Patent Specification
No. 2,369,106 is 53 ce. of oil (about 48
grams) per cubic metre water gas and this
with a-space velocity of 1.67 per minute
only, thus at half the space veloeity of 85
the given example,

The catalyst was prepared according to
the specification. of this patent by co-pre-
cipitating ironp hydrozide and ealcinm
hydroxide from a solvent solutiom, dry- 90
ing the precipifated powder and pelleting
samze, or by impregnating infusorial
earth, diatomite powder, ste. with a solu-
tion of an irom salf and calcium salt and
co-precipitating the hydroxidey within 95
and uwpon these carriers.

Comparable results at atmospheric pres.
sure are reported only with a cobalt-

“thorium oxide eatalyst (Hall & Smith,

Jourm, Soc, Chem, Ind., 1946, pp. 128— 106
136) and this with a space veloctty of
1.092 per minute cnly, i.e. at one third of
the space velocity of this example,

11, however. the cobalt-thorium oxide
catalyst is prepared in the same manner 105
as deseribed in this Example VIT, the
reaction can be carried out at a greater
space -veloclty.

The advantage of the novel structure of
confaet masses is mot only the. higher 110
space velocity with which the reaction
can be carried out but still a greater
advantage for this specific example is the
possibility to obtain the same results, or
substantially the same resilts, under 115
atmospheric pressure as were obtained
heretofore under pressures of at least 10
atmospheres and higher. Moreover, as
this specific reaction is very sensitive to
temperature changes the problem of the 12€C
temperature control for industrial produe.
tion is not easy.fo solve when working at
pressures of 10 atmospheres and higher.

Hereinbefore.. .Y "have deseribed a
method for a betber control of the tem. 125
perature for catalytic oxidation and
chlorination reaciions, which consists in
the use of & poroug metallic carrier of
high thermal conductivity instead of
employing the wuswal porous carrier 180
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materigls for eatalysts having a very low
thermal conductivity.
The slimination for the use of porous
metallic carrier materials for catalysts
5 the catalyfically aciive constituents of
which are metal oxides stated for oxida-
tion reactions has to be reversed for cata-

lyets the active constitnents of which ave-

metals, and for hydrogenation or reduc-
10 tign reactions and may be stated as
follows : —

A metal earrier must be uwsed which
does not oxidise the metal which is nsed as
the eatalyst under the conditions of the

16 reaction. to itg lowest oxidation stage.

Porous iron grannles are a suitable
carrier material for the iron powder
catalyst for hydrogenation reactions.

: - Exswers VIIL ‘

20 Hydrogenation of carbon monoxide.:
Turnings of porous iron ag ohiained by
any one of the known metallnrgical pro-

cesses and sufliciently disintegrated, for .
example, fo the size given In example -

26 VII, within the range of 20 to 60 mesh,
are provided with an impregnating ground
layer of ferrous oxide, as described in
Example I,- but without subjeeting the

__impregnated turnings to the combined:

20 action of hydrogen chloride and air atf.
" elevated temperature, Then a surface
layer ia applied to the impregnated porous.
metallic grains by shaking them in a
hamid atmosphers with the same powder
as described in Example VII. The last
step of subjecting the grains afier the
application of the surface layer to the
combined - action of hydrogen chloride
and air at elevated temperature takes very
short. time if porous iron is the carrier,
the surface layer of ferric oxide being
very quickly = converted into ferrosic
oxide; the entering hydrogen chloride air

85

40

mixture is pre-heated to a temperature of.

at least 400° C. and the reactor-is heated
to a temperature of at least.450° (., pre-
Terahly to about 480° C.

166 ce. of the ahove deseribed eontact

45

mass are logded intp a vertieal tube as.

§0 described in Example VII; if the same
initial reduction and induction steps are
made, practically the same results are

obtained as described .in Example VII,
and the temperature gradient between the

centre and the wall of the reactor is small:
Similar contact masses are also pre-
pared with success by applying the active

1]

surface layer in the form of a metal

powder o the impresunated eores of porous
metals. Instead of reducing the ferric
oxide. powder after the formation of the
porous surface layer, powdered iron itself
is msed Immediately after it has heen
obtained hy reduction of the oxide by

60

means of hydrogen. and is applied to the 85
impregnated porvus iron eores in an inert
bumid atmosphere, consisting for exawple
of hydrogen, nitrogen or carbon dioxide
containing water vapour. In an essen-
tially analogous manner iron powder, pre- 70
pared from iron carbonyl, ean be applisd.

Ii is ];ILGW_ that, for the synthesiz of
ammonia an iron catalyst is used which
confaing aluminium oxide or potassinm
oxide, or both of these compounds. 76
Therefore, if it is desired to apply my
novel strueture of iron catalysts for the
ammonia synthesis, the same porous iron
inriings disintegrated to the size within
the range of 20 to 40 mesh as described 80
in Example VIIT are nsed. These porous
iron grains are provided with the same
‘impregnating inner ground layer of
ferrous oxide as deseribed in Example
VIIL. The composition of the surface 85
multi-layer differs, however, slightly.
For ezample, the material for said sur-
face layer containg about 95 per cent. of
ferric oxide and about 5% of aluminiwm
oxide, and can be prepared as deserihed 90
in Example VII by merely mixing tle
powders of said compounds in this pro-
portion, or preferably v coprecipitation
of these compouwnds, conversion of the
precipitates, after washing and drying,
mtp a _powder of 523 mesh, and sub-
sequently applying the same steps
which have been deseribed for the pre-
paration of the iron catalyst with porous
iron cores for the hydrogen-earbon mon- 100
oxide rexction, in Example VIII. The
gramns coated with ferric oxide, or—as
the ease may be—with Terrosic oxide are
loaded info a reacior for the synthesis of
ammonia and both the surface and the 105
impregnating ground Inyer of these graing
are reduced 1n one of the known marnners,
e.g., by means of hydrogen at the snitable
temperatures, preferabiy hetween 400° C.
and 530° C. ~

. The results ohtained by fhe application
of these graing as catalysts are by far
superior to those obtained with the jron
catalysts prepared hy the known roethads,

Tt is known that for the oxidation of 115
ethylene to ethvlene oxide, silver oxide is
used as catalyst. According to my method
a catalyst suitable for this reaction can
be obtained by impregnating grains of
pumice with silver nitrate, converting it 126
into silver oxide, and subsequently form-
ing a surface layer by shaking the impreg-
nated grains in humid atmosphere with a
powder of silver oxide of a size passing
a sieve of 325 mesh, " 125

It is known that for dehydration reac-
tions aluminium oxide is used as a2 ecafa-
Iyst. An aluminium oxide eataivst of
high efficfency can be prepared from any

9%

110
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porous carrier material. ag for example,
porous graing of aluminium oxide, by
1mpregnating them with a hydrophilie
metal compound, drying and by sub-
5 sequently applying io the dried, impreg-
nated supporis a surface mulii-layer of
aluminium oxide powder particles. This
is done by shaking the impregnated
alumininm oxide supports with alumi-
10 ninm oxide powder in the presence of
water vapour and/or organic vapours.
The porous carrier material, which may
also be of porous or so-called activated
aluminium oxide is impregnated with any
18 hydrophilic material; as for example,
ferric oxide, cuprous oxide, or chromium
sesquioxide, and subsequently hydrated
aluminium oxide is applied to these
impregnated carriersy by shaking fhem
20 with hydrated alwmininm oxide powder
in an atmosphere which is saturated or
even super-saturated with water vapour
and or with vapours of organic substances
which are adgorbed by the impregnating
substance and by the aluminium oxide
powder,

Other metals or alloys may be used and
prepared in the same way, etther for both
or onty for one of the inner impregnating
30 ground layer and the active surface layer

upon the carrier material, For example,

a mickel or a cobalt catalyst can be pre-
pared by the same method.

The classes of reactions from which

3b ahove examples were given widely differ

from each other, and the same is true of

the chemical compounds used as catalysts

to bring about these reactioms, The com-

mon feature, however, is the physical

40 structure of said catalysts, the method to

build them up and the resulting improve-

ment of their efficiencies compared with

such as obtained by other mefthods of
preparation hitherto known,

Every one skilled in the art can adapt
and vary the method of preparation so as
t0 meef the physical and chemical pro-
perties of the catalylic active constiinents
and of the appropriate carrier material.
60 For example, if alominium’ chloride, zine

chloride or another deliguesecent com-
pound has to be applied as surface layer

28

45

(aluminium chloride for alkylation, zinc

chloride for chloro-methylation) the
85 application of the surface layer to the

impregnated graing will be made with

close control of the humidity of the

atmosphere or even In dry air, depending

on the original water content of these
60 deliguescent substances, .

Tt will be understood that, quite as the
novel structurg of catalytic masses and
their novel method of preparation can he
employed for the building up of eatalytic

#5 masses from all solid chemical compounds

and from all solid elements, thev also can
be used for all reactions for which the
catalytic active constituents of which
they are composed are appropriate, said
novel structure inereasing many fold the
efficiency of the catalytic masses without,
oi course, exerfing any influence upon
their activating properties the latter
depending on tie chemical composition,
a3 outlined under (2} and under (1) in the
seccnd paragraph of this disclosure.

Althocugh the examples given herein-
before are chosen from reactions in the
gaseous phase it will be understood that
contact masseg of the same physical stroe-
ture can be employed for reactions in the
liquid phase. The mechanical sireagth
of the porous surface layer can be
increased in conformity to the greater
requirements for said mechanical strength
of a porous material which has to resist
the flow of liquids, by sintering or coher.
ing as stated above. Hy choosing a
coarser powder for the surface layer the
eize of the pores of the active surface can
be increased so as to take inte account the
greater viscosity of liquids since the size
of the pores of the surface layer depends
on the size of the powder particles from
which it ig built up.

I is obvious that the method of pre-
paring the movel structure of contact
masses may be varied to s considerable
degree in many respects withont depart-
ing from the.scope of the invention.

For example:—

The efficiency of the new contact maasses
can, be farther improved by increasing the
thickness of the active surface layer by
repeating the steps by which it iz 105
produced. .

In the freatment of the imprepmated
grains with the catalytic powder for the
application  of the active surface layer
water vapour. can be replaced by vapours 110
of compounds which are adsorbed by the
powder of the eatalytie substance which is
used as the active surface layer and by
the substance which is employed for the
inner boading layer. As a rule vapours of 115
substances having some polar affinity
towards both the materials of the surface
and of the bonding ground layer are suit-
able for this purpose, provided however,
that the adsorbed vapours esn readily be 130
desorbed by heating without formation of
carbon black and without even partial
decomposition, For example, vapours of
ethyl alcohol give quite good vesults for
the preparation of a homogeneous porous 125
surface multi-layer from powder particles
of catalytic substances which adsorb these
vapours, Similarly suitable are vapours
of methyl aleohol,” It must, however, be
avoided to wel, moisten or sprinkle the 180
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impregnated graing or the calalyst powder

with the liquid the vapour of which is

employed because the powder particles

agglomerate irregularly and form small
6 clumps at the spots where the impreg-

nated grains or fhe catalyst powder are

wetted, thus preventing the porous sur-

face layers which have beecome homogene-

ous. Surface layers which have become
* 10 hemogeneous in this way causes consider-
able reduction of the efficiency of the
respective eatalyfic structure.

Instead of preparing the impregnaiing
inner bonding ground layer by Impreg-
nating a porous support with a sofution of
a metal eompourd, and causing said solu-~
tion to form a precipitate upon and within
said support, the grains of the porous
carrier material can be subjected to a gas
stream consisting of or containing vapours
of metal compounds, e.g., metal
chlorides, which will be adserbed by the
porous supports and form an impregnat-
ing layer of a metal chloride or chlorides
which can be converfed or not converted—
as the case mavy be—into mefal oxide or
oxides,

For example, grains of silica gel are
impregnated with ganhydrous ferric
chloride when subjected to a gas stream
containing ferric chloride, The ferric
chloride is eonverted into ferric oxide and
the grains thus impregnated with ferric
oxide are covered with a surface layer of
35 powdered fervic oxide as described in the
given examples.

Aluminium chloride or zine ehloride
vapoura are adsorbed by porous earriers
of alumina, or of silica gel. The resulting
impregnating layer iz converted into
oxide in known manner, or—as the case
may be— iz used as such and without con-
version into oxide as bonding agent for a
surface layer consisting of powders of the
chlorides or oxides of aforesaid metals,

Carrier bodies to the surface of which
the powder particles of the surface layer

- adhere, ean alse he prepared by ecpre-

citating the earrier material together with
%0 the bonding maferial.

For example: —

Alumininm oxide ean be co-precipitated
with ferric oxide, chromium oxide, or
with another axide, washed, dried, sized

66 and pelleted or pilled. Subsequently the
active surface layer Is applied in the form
of powder in order tc obiain the results
hereinbefore described,

Silica gel and metal oxides can be

@0 co-precipitated from a prehydrolized solu-
tion of water glass and 2 solubion of mefal
salis, 1.e. silica and ferric hydroxide from
prebydrolized water glass and ferric
nitrate.

86 Ethyl ortho silicate iz prehydrolized

15

20
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40

45

from a sclution in ethyl aleohel by fhs
addition of water. The so]l immedinisly
turns into gel by the addition of ferrie
oxide powder, oceluding the ferrie oxide
and forming herewith a net like structure 79
of silica and ferric oxide. This zel, when
partially dried and pilled. forms bodies
the structure of which resembles the
structure of silica gel impregnated witlh:
ferric oxide. These bodies can serve as 7D
carrier for a sabsequent ecoating with
surface layer of a mefal oxide
powder,

Quite recently a method was described
for the preparation of such bodies hy
eoprocipifation of siliea and chromiem
sesqui-oxide from ethy] ortho silicate in
the presence of chromium sesgui-oxide,
If sueh gel infilirated with chrominm
sesqui-oxide is partially dried, and pilled,
metal oxide can be applied fo i as des-
eribed above, to form a coherent active
surface layer the catalytic efficiericy of

-which is many times the efficiency of the

illed gel bodies without said “surface 90
ayer,

Bodies prepared by preeipitating metal
oxides in the presence of powdered diate-
maceous earth and by compounding the
resulting misture of metal osides and
impregnated diatomaececus earth inte pills,
are also excellent earriers to which an
active surface layer in the form of powder

95

‘can be applied, In this way the eficiency

of the specific Fischer-Tropsch catalyst 1s 100
substantially improved,

As-a rule a substance will be suitalle
for the formation of the inner layer which
is necessary for making the powder par-
ticles of the active surface layer adhere
to the support, if it does not: —

{a) carbonize during the ecatalytie
reaction;

_{by evaporate under the said eondi-
tions; 114
(c) poison the eatalytic surface laver

or have any other detrimenta] influence on
the reaction.

. Por example. if an active surface laver
of : ferric oxide is used, the bondine 115
material must not eonfain sulphur in such
forui as to form iron sulphide with the
fertic oxide of the surface layer;

{d)" change the stage of oxidation of
the ¢compound forming the active surface 120
layer when subjected {o the conditions of
the reaction. If a metal oxide powder is
to. be used for oxidation and dehwdro-
genation renctions said metal oxide
powder must not be reduced into its nest 125
lower degree of oxidation by the material
of the hondine or greurd laver. Viee
versa, if 2 metal or an alloy powder is
to_be uved for hydrogenation reactions
said meta] must not be oxidized hy the 130

104



640,465

13

i:wmpound forming the bonding or ground
Ayer.
For eertain resctions and certain mefal
oxides phosphorie acid is a suilable bond-
6 ing material, .
(e  exhibit toc strong a honding
power in order to avoid adherence of sux-
face layers of adjacent grains to each
other;
(f)  ocelude the individual pariicles of
the powder forming the aciive surface
layer. )
For example: Beads of glass or of
porcelain, after having been submerged in
s solution of barium oxide in absolute
methyl alcohol, are made fo fall through
a. eurrent of hot air into & vessel contain-
ing the catalytic powder. If the height of
the {all is properly adjusted fthe catalyiic
20 powder adie;res to the beads, but ihe
adherence of surface layers of adjacent
graing to each other is avoided, The thick-
ness of the layer of this first coating with
metal oxide powder is increased by

o5 further agifating said beads with the
metal oxide powder in humid atmosphere,
The results with this contact siructure,
however, are not ag good ag with the eon-
tact structure prepared according to the

30 preferred embodiment described in the
given examples,

The term ‘““oxygen’ as used throughout
the gpecification and the claims is meant
to cover not only oxygen but also oxygen-

85 containinﬁ ases, preferably air, and the
ferm y%rogen chloride ** ~ includes
hydrogen chloride, moist or dfy. All
components of the gaseous mizfures max
be used pure or mixed with other gases,

40 and the term °° mixture of coprecipitates’’
is meant to_cover not only physicel mix-
tares but also eolid solubions. .

Having now particularly described and
ascertained the nature of my said inven-

46 tlom and in what manner the same is fo he
performed, I declare that what I claim
18—

1. A method of bonding a powdery
cabalyst in a plurality of porous layers to

50 the surface of the carrier elements of a
contac) mass, comprising the steps of com-
bining with, or applying to, o preferably
porous, metallic or non-metallic carrier,
a metal compound honding substance,

88 capable of adsorbing water vapour and [or
oTganic vapours, rymﬂﬁ, treating said
dry carrier with a catalytic ageut, for
instance o metal oxide or a mixzture of
metal oxides and/or metals, in powder

60 form, containing the same andfor dif-
ferent metal components as the metal
compound bonding substance, in an stmo-
gphere containing, or saturated with, or
super-saturated with watervapour,and jor

86 with organic vapours capable of being

10
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adsorbed by the bonding substance and b;

the catalytic powder or applying fo sal
dried carrier to which the bonding sub-
stance has been applied a firmly adherent
powdery mulii-layer surface of catalytic- 70
ally active mefal compound in the form of
loose particles in the presence of an
amount of water.and/or organic lignids so
limited ag to be eomipletely adsorbed by
said layer-forming -cormpounds without 78
afiecting the powdery packing of said
particles, and continuing said itreatment
until the carrier is completely and firmly
covered with a multi-layer of said powder.

2. A method as claimed in Olaim 1, 80
comprising the steps of coprecipitating
the carrier material and the meftal com-~
pound bonding substance and shapieg the
coprecipitate pirior to drying and the sub-
sequent freatment with the -eatalytic
powder.

3. A method as claimed in Claim 1,
comprising precipitating the metal com-
pond bonding substance upon the carrier
from a solution thereof, removing the 90
solvent, and preferably also the excess of
precipitate and drying, prior fo the sub-
sequent freatment with the cafalydic
powder,

4, A mefthod as claimed in Olaim 3, §6
wherein the carrier consists of a metal
which does not reduced the mefal com-
pounds of the surface layer when sub-
jected to the eonditions of the reaction for
which said contact mass ig used as a 100
cobalyst. .

8, A method as claimed in Claim 3,
wherein the precipitated metal compound
bonding substance and: the catalytic
powder ars essentially metal oxides,

6. A method of preparing a contact mass
as claimed in any of the preceding claims,
comprising the steps of impreg'natinlg the
porous carrier elements with the solution
of an iron compound, preferably ferric 110
chloride, cansing said solution to form
upon and within said earrier a precipitate
of a ferric compound forming ferric ozide
on heating, drying said carrier, and
applying 1n an abmosphere comtaining, 1ip
saturated wilh, or super-saturated wit
water vapous andfor organic vapours o
the surface of said dried impreguated
carrier a firmly adherent porous lsyer of
powdery ferric oxide.

7. A method as claimed in lalm 1
wherein. the dried carrier toc which the
bonding substance has been applied is
itself a catalytic contact mass, the effi-
ciency thereof being improved by the sub- 125
seguent treatment with an additional
catalytic agent in powder form.

8. A method as claimed o Claims 1 to
7 wherein the dried carrier to which the
bonding substance has heen applied, is, 130
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“hefore and/or after the application of the

cafalytic metal sompound in powder form

subjected %o the combined aetion of

hydrogen chloride and oxygen or air al
5 elevated temperatures, between 200° C.
"and 750° C., but preferably helween
* 400° C. and 600° C.

9. A method as claimed in Claims 1

to B, wherein the carrier after the cata-
10 Iytic metal compound in powder form has
" been applied thereon, and after, or with-
put, the subsequent heat treaiment in the

presence of hydrogen chloride and oxy-
" gen, is ireated with a redncing agent

until said powder partieles of the porous 18
surface layer are at least partially
reduced fo metal.
- 10. The improved cafalytic contact
mass when prepared or produced by ihe
methods or proeesses of manufaciure gp
hereinbefore particularly deseribed and
ascertained or by ftheir obvious chemical
squivalents.

11, The method of preparing a catalytic
contact mass substantially as described.

.. Dated this 20th day of February, 1947,
‘ MARES & CLERK.
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