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{57} ABSTRACT

. Carbon particulates comprising carbon black spheres

and a carbon binder having large pores as well as de-
sirable pore size distribution are disclosed which serve
as catalyst supports. The support carrying an effective
amount of an activator is an active catalyst composi-
tion for a varicty of rcactions including reduction
reactions.

15 Claims, | Drawing Figure
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1
CATALYSTS BASED ON CARBON SUPPORTS

This invention relates to a catalyst composition com-
prising a porous carbon particulate made up of carbon
black spheres and a carbon binder and, carried
thereon, at least one activator. More particularly this
invention relates to porous tarbon catalysts of con-
trolled pore size distribution and to improved catalytic
processes employing same.

This application is directed to porous carbon cata-
lysts and to processes employing same. Copending
application Ser. No. 559,933 filed on even date here-
with, is directed to the porous carbon particulates, to
the method of preparation thereof, and to the use
thereof as selective adsorbents.

Carbons containing macropores can be useful as-

catalyst supports, particularly where large reactant
molecules, such as those in the pharmaceutical and
petroleum industries are involved. For example, such.a
carbon particle activated with a poble metal such as
platinum or rhodium, could be used for catalyzing hy-
drogenation reactions of molecules containing several
benzene rings.

Porous carbons have been obtained in the prior art
by activation of a suitable material such as coal or
wood charcoal, with oxidizing agents. These oxidizing
agents, e Qu, COy, steam, and the like, react away
portions of the carben, leaving behind pores. Carbons
with comirolled pore-size distribution cannot be made
by this procedure since new pores are continuousty
forming while existing pores are constantly being en-
larged. This results in a broad distribution of pore sizes
including many small pores, i.e. well below 20 ang-
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strom units, as activation is continued. Thus, it has

been difficult-to abtain porous carbons containing pre-
dominantly transitional pores {diameter 20-200 ang-
strom units) as well as carbons having a narrow range
of specific pore sizes.

In addition to the problem of controlling pore size
disteibution in prior art carbons, the reacting away of
carbon to provide pores creates additional problems.
When large pores are desired in the carbon, the react-
mg away of the carbon weakens the mechanical
strength of the final structure. The reacting away of
carbon increases the percent of ash in the residual
carbon and ash conteats of 5-10 weight percent are
normal. In addition, carbons prepared by the prior art
procedure contain many surface groups containing
oxygen which may not be desired, when specific cata-
Iytic materials are considered.

The preparation of carbon structures by other proce-
dures is also known in the prior art. In many instances,
however, such structures confain significant amounts
of material other than carbon. In other instances, the
purticufar carbon structure is prepared for uses other
than as catalyst supports so that no specific require-
ments s to porosity or pore size distrihution are neces-
sary.

Thus, there continues to exist the need for substan-
tially pure carbon structures that have desirable levels
of purosity or controfled pore size distribution and are
free of or improved with respect to deficiences of the
prior art carbons, which structures serve admirably as
supports for catabyst materials. Such a development
would fill s tong-feh need in the art and provide a nota-
ble advance in the art,
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Accordingly, it is a primary object of the present
invention to provide a catalyst compusition comprising
an activator carried on a porous carbon structure hav-
ing pores of controlled size distribution.

In accordance with the present invention, there is
provided a catalyst composition comprising & porous
carbon particulate support comprising carbon black
spheres in packed relationship and a carbon binder,
said spheres having a particle size in the range of about
80 to 5000 angstrom units and said particulate having
pore size distribution exhibiting peaks at a pore radius
in excess of [0 angstrom units and, carried on said
support, an effective amount of an activator. Prefer-
ably, the particulate support will have a compaosition of
at least Y9 weight percent carbon. In preferred embodi-
ments, the support wili have a pore volume of at least
(.2 cubic centimeters per gram, more preferably 0.4 o
1.0 cubic centimeters per gram, showing peaks at a
radius of at least 10 angstrom units, preferably in the
range of 10-250 angstrom units. In another preferred
embodiment, the support has a pore size distribution
exhibiting maximum pore radius in the range of 40-100
angstrom units. In still another preferred embodiment,
the support will contain less than 1 weight percent of
ash. In yet another preferred embodiment, the carbon
biack spheres used to prepare the support have an
average diameter in the range of B0-300 anpstrom
units,

In accordance with the present invention pores of the
carbon particulate are formed by packing together of
suitable carbon black spheres and binding the spheres
together in packed relationship with a carbon binder.
The use of the carbon binder allows the carbon particu-
late to possess improved mechanical strength. When
the carbon black spheres packed and bonded together
are of substantially the same size and relatively small, a
narrow range of pore size distribution will arise and the
particulate will possess pood mechanical strength. The
particular range of pore sizes and distribution thereof
will vary with particle size of the carbon black spheres
selected with the variations which occur within a desig-
nated size. Thus, if larger carbon black spheres are
used, the interstitial space or pores will be larger, while
the use of spheres of varying diameter will result in a
wide range of pore sizes,

In the prior art carbon structures, when large pores
are desited, extensive oxidalion is carried out o pro-
vide the pores and the loss of carbon thus occasioned
greatly weakens the resulting structure. Contrary to
this, the carbon binder of the present invention pro-
vides good mechanical strength in conjunction with
large pore sizes.

The carbon particulates of the present invention will,
in preferred embodiments, have a large surface area
resuling from pores in the transitional range, i.e. 20 to
200 angstrom units, and from macropores, te. pores
greater than about 200 angstrom units. The number of
pores in the transitional and macropore range will be
much greater than can be achieved by prior art proce-
dures.

Since the carbon black spheres used in the fabrica-
tion of carbon particulates of the present invention are
of a high state of purity, the resulting particulates will
be much purer than prior art carbon structures ob-
tained by the conventional oxidation procedures. Nor-
mally, the prior art structures contain from 5-10 weight
percent of ash, Carbon particulates of the present in-
vention, to the contrary, contain less than about |
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weight percent of ash. In addition, since the carbon
particulates of the present invemtion sre prepared with-
out the use of oxidizing agents to react away carbon.
the carbon particulates of the present inventon will
contiun considerably less surface oxygen-containing
groups than the conventional curbon structures.

Carbon particulates of the present invention are use-
ful as citalyst supports wherein the increased poresity
and desirable pore size distribution provide advantapes
over prior art carbon structures, particularty when
farge reactant molecules are mvalved. Large reactant
i product molecutes will hive Tess difficulty pene
trating the pore voluine of the carbon particutates of
the present invention because of the presence of ample
porasity of increased pore diameter. Thus, the catalyst
will provide u higher effective activity due 1o the im-
proved mass transport properties present in the carbon
particufate of the present invention. In addition, since
active calalyst material deposited in pores inaccessible
to Jarge reactant molecules is wasted, the present in-
vertion provides catalyst supports in which the amount
of wasted cotalytically active material is minimized.

Carban blacks are formed by the thermal decomposi-
tion of guseous and liquid hydrocarbons. Two main
manufacturing processes are emploved. In the channel
pracess, carbon black s collected by impingement of
small. naturat gas diffusion lames on cool channel iron
surfaces. By altering the size of the burner tip and its
distance fraom the channel surface, the particle size of
the carbon black can be vasied.

The furnuce combustion process. which currently
produces the greater amount of carbon black, uses
larger diffusion flames to combust natural gas and/or
liquid hydrocarbon in firebrick-lined furnuces, Carbon
blacks with considerably larger particle size than chan-
nel carbon black can be produced. :

Carhon particles useful in the present invention may
he of any shape that can be packed and bonded to-
gethoer to provide particulates which huave the desired
porosity. Particuturly suitible are available carbon
blacks made by the above processes, which geacrally
have an average diameter from about 8O to 5000 ang-
strom units and a porosity that varies with the specific
preparative method employed. These carbon blacks
are revealed by electron photomicrographs 1o consist
of ultimate purticles which appear to be essentially
spherical. For convenience, therefore, in the present
application and claims, the carbon black particles are
referred 1o as spheres but is 1o be understood that the
present invention is inclusive of other shapes, such as
oval-shaped, round-cornered squares, rectangles, trian-
gles, and the like as long as such particles upon packing
and bunding give rise to the porosity desired,

Carbon black spheres useful in the present invention
miy be selected from any that are commercially avail-
able. Sclection is bused on the porosity and pore size
distribution desired in the carbon particulate to be
selected in accordance with the present invention,
When small pores of a narrow pore size distribution are
desired, carbon black spheres of small particle size and
narsow variation in particle stze are selected. When
farge pores are desired, carbon black spheres of large
particle size are selected. When a wide range of pore
sizes ure desired, mixtures of carbon black spheres of
varying particle sizes are selected.

In addition o the carbon black spheres, it is also
necessary o employ a hinder for the spheres that are to
become urranged in packed relationship. The dinder is
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£onuthstance which when beat trsded inoan nery or
non-oxidizing atmosphere viclds o high proportion of
carbon, Generally i carbon yvicld preaters than abhour 20
weight vield is desirable when heat-treatment is carried
aut at 600°C. in an atmosphere of nitrogen. Carbon
yicld is the wetght of the carbon residue divided by the
weight of starting matterial and multiplied by 100, Ma-
teriuls which meet this quadification include polymers
such as poly(furfuryl aleohol ), polyacrylonitrile; resins
such s phenob-formakichyde. phenol-benanidehyde;
and certain natirad materials such as coal tar pitch,
Preferably the binder will be o thenmosetting resin
Enough binder 1 required to hokd the carbon structure
together after carhonization of the binder. Normal
ratios of carbon bluck spheres to binder will be from
abowt 1L to (LT preferably 501 to 1:1, on a weight
basis busced on the amoeunts of material employed prior
to heat-treatment to carbonize the binder.

It is also necessary to employ a nixing medium to
provide intimate mixing of the binder and the carbon
black spheres. Preferably the mixing medium will be a
subvent for the binder but it is possible to employ the
binder in emulsificd or dispersed form in the mixing
medium. The mixing medium should be volatite enough
so that gentle heating (100°-150°C.) will effect volatii-
ization and eliminate the possibilities that the mixing
medium will interfere with or take part in carbonization
of the binder. Suitable mixing media include acetone,
methyl isobutyl ketone and other ketones, benzene,
pyridine, water and the like. The amount of mixing
medium should be enough to ensure intimate mixing
and may vary widely. Generally the amount of mixing
medium will be such us to provide the binder as about
a 5 to 50 weight percent solution or emulsion, prefer-
ably about 10 to 20 weight percent solution.

Once the carbon black spheres, the binder, and the
mixing medium are selected and intimately admixed,
the resulting composition is processed so as to puck the
carbon black particles into a suitable structure. Such
processing may imvolve extrusion. pelletizing, pilling,
tubhtizing and such other forms of molding as are
conventionally employed in forming structured parti-
cles. It is also possible to employ rofling mills and flak-
ers to provide a formed structure of packed carbon
particles although such procedures do not usually form
uniform particles us in the case of molding. 1t is gener-
ally preferred 10 employ extrusion to abtain the carbon
structure. The carbon structure thus obtained is re-
ferred to as & “green body”. The green bady is sub-
jected to gentle heating 1o volatize the mixing medium
and then subjected to carbonization at elevated tem-
perature m an inert or non-oxidizing atmosphere so as
tr convert the binder to carbon. The resulting carbon
structure may be utihzed in the form obtatned ur it may
bed subidivided by crushing or grinding, if desired. It can
also be further maedified by treatment with an oxidizing
agent, if desired, although it is gencrally preferable
tuke advantuge of the desirable properties achieved in
the absence of oxidation of the carbon structure.

As has heen indicated, the carbon structures of the
present invention can be prepared in a wide variety of
pore volume and pore size distribution. In particular
embadiments, the carbon structiures will have o larger
surface areu in the large pore segion thun previously
available carbons, the large-pores vccurring in a nar-
row stae runge, i desired. When used as a catalyst
support. 4 cirbon structure of such type will provide
bigher effective activity due o improved mass trans-
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port properties it possesses. This type of carhon, by
virtue of its method of prepuration, will also have a
much lower ash content (impurity level) than conven-
tional oxidized carbons.

The catalyst composition of the present invention
comprises the carbon support described and, carried
thereon, an effective armount of an activator. The acti-
vator and amount thereof employed will depend upon
the particulur reaction to be catalyzed and the relative
effectiveness of the activator in the reaction. There are
numerous reactions that are effectively catalyzed by
supported activators and many wherein carbon is a
useful support. In general, any catalyst composition
based on a carbon support which is known to be useful
in the prior art will be advantageously prepared using
the carbon support of the present invention because of
the greater proportion of pores of larger radii of the
present suppaorts and the attendant reduction in wasted
catalyst material, especially where large reactant mole-
cules are involved. Thus, no new teachings as to activa-
tors or amounts thereof are necessary since the present
invention contemplates conventional activators on an
improved carbon support in the conventional reac-
tions.

The catalyst compositions of the present invention
exhibit improved activity in conjunction with hydroge-
nation reactions and are illustrated in this type of reac-
tion. Particularly effective activators in this type of
reaction are the platinem metals, which include ruthe-
nium, rhodium, pailadivm, osmium, iridium, and plati-
num. Effective amounts may range from about a thou-
sandth to about 10 weight percent or more, depending
upon the reaction involved and the metal employed. In
such reactions, activator usage and amounts will con-
form to conventional teachings with impraved activity
being obtained by use of the support of the present
invention. Preferred reactions are in the reduction of
6-hydroxy hydronaphthacenes, as described in U.S.
Pat. No. 3,019,260, issued Jan. 30, 1962 10 McCor-
mick et al. and reluted compounds, Another preferred
reaction is in the reduction of 2,4-dinitrotoluene and
related compounds to the corresponding diameters.

Additional reactions which can be advantageously
carried out using catalyst materials of the present in-
vention are those involving reductive alkylation of 7-
(N,N'-dicarbobenzyloxyhydrazino tetracycline  and
T-(N,N'-dicarbobenzyloxyhydrazino }-1 | a-halotetracy-
clines. Typical starting materials which are effectively
reductively alkylated include:

7-(N,N'-dicarbobenzyloxyhydrazino Jtetracycline,

7-(N,N'-dicarbobenzyloxyhydrazino)-5-hydroxytetra-
cycline,

7-{ N,N‘-dicarbobenzyloxyliydrazino }-6-demethyltetra-
cyciine,

7-{N,N'-dicarbobenzyloxyhydrazino}- | La-chloro-6-
demethyitetracycline,

7-(N,N'-dicarbobenzyioxyhydrazino }-6a-methyl-6-
deoxytetracycline,

7-{N.N'-dicarbobenzyloxyhydrazino)- I l a-bromo-63-
methyl-6-deoxytetracycline,

7-(N,N'-dicarbobenzyloxyhydrazino )-6-demethyl-6-
deoxytetracycline,

T-{N.N'.dicarbobenzyloxyhydrazino)- | la-chloro-6-
demethyl-6-deoxytetracycline,

7-{N,N’.dicarbobenzyloxyhydrazino)- I { a-bromo-6-
demethyl-6-deoxytetracycline,
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7-(N.N'-dicarbobenzyloxyhydrazinos- [l luoro--
demethyl-6-deoxytetracyeline.
7-{N.N'-dicarbobenzyloxyhydrazino }-6-demethyl-6-
deoxy-6-methylene-5-hydroxytetracyeline,
7-(N,N'-dicarbobenzyloxyhydrazino }-6-deoxy-5-
hydroxytetracycline,

and the like in the form of the free bases or acid salts.
Typical products ebtained by such reductive alkylation
include:

7T-dimethylamino-demethyl-6-deoxytetracycline,
7-dicthylamino-6-demethyl-6-deoxytetracycline,
T-isopropylamino-6-demethyl-6-deoxytetracyeline,
T-isopropylaminotetracycline,
7-isobutylamino-5-hydroxytetracycline,
7-dimethylamino-6-demethyltetracycline,
7-di-{ n-propyl Jamino-6-deoxy-6a-methyltetracycline,
7-di{ n-butyl)amino-6-deoxy-68-methyltetracycline,
7-methylamino-6-demethyl-6-deoxy-6-methylene-5-
hydroxytetracycline and
7-ethylamino-6-deoxy-5-hydroxytetracycline.

Such tetracyclines are biologically active and possess
the broad-spectrum anti-bacterial activity of the previ-
ously known tetracyclines. In particular, the 7.dime-
thylamino-6-demethyl-6-deoxytetracycline, 7-die-
thylamino-6-demethyl-6-deoxytetracycline and 7-iso-
propylamino-6-demethyl-6-deoxytetracycline  possess
extraordinary activity both orally and parenterally
against Staphylococcus aureus, strain Smith, and
Staphylococcus aurcus, strain Rose, infections in mice.

It is also known that catalysts based on carbon sup-
ports are useful in hydrodesulfurization of petroleum
residua. In such reactions, a combination of an activa-
tor and promoter are generally employed. The activa-
tor is generally selected from molybdenum and tung-
sten and the promoter from cobalt and nickel with the
metals being in the form of their sulfides in use.

The invention may be further unduerstood by referen-
ces to FIG. 1 which shows compurative pore size distri-
bution of various carbons and FIG. 2 which shows
comparative effectiveness of catalysts prepared using
as substrates carbon particulates of the present inven-
tion and typical prior art carbon particuiate.

The invention is more fidly illustrated by the exam-
ples which follow wherein all parts and percentages are
by weight unless otherwise specified.

_In the examples which follow, reference is made to
certain physical properties of the particulate supports
obtained. These properties are obtained in accordance
with conventional methods employed in the art of cata-
fyst supports.

Pore volume may be obtained by mercury penetra-
tion or water adsorption. The latter is a preferred
method because it is easily performed and has an accu-
racy of = 10%. In the water adsorption procedure, a
small quantity of support { 1-2 grams) is weighed into a
glass dish. Water is slowly poured onto the support
until no more is adsorbed. Excess droplets are carefully
removed by blotting and a reweighing is made. Assum-
ing that one gram of water occupies one cubic centime-
ter, the pore volume is calculated from the initial and
final weights of the support.

Surface area is measured by a low temperature nitro-
gen adsorption technique which is reported in J. Am.
Chem. Soc., 60, 309 (1938), with modifications as
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reported in Apal. Chem.. 30. (1958) und Anul. Chem.,
34, 1150 (1962).

COMPARATIVE EXAMPLE A

Into 12 milliliters of water were added 10 grams of
carbon black spheres having an average particle diame-
ter of 120 angstrom units and a surface area of 850
square meters per gram, After hand mixing, the result-
ing compuosition was extruded through a hole of 116
inch diameter using a piston-type extruder operating at
a pressure of 2000 pounds per square inch gauge. The
resulting extrudates were dried in mir at 110°C. and
then heated in flowing nitrogen at 600°C. for | hour.
The product was obtained in the form of cylindrical
pellets. Properties are given in Table L

EXAMPLE |

A furfury! alcohol polymer was prepared by mixing
200 milliliters of furfuryl alcohotl, 200 milliliters of
water, and 1 milliliter of concentrated H,80,. The
mixture was heated at 90°C. for 10 minutes. The dark
polymer obtained was washed twice with water and
then stored in a closed bottie.

In 100 mi. of acetone was dissolved 1{ grams of the
furfuryl alcohol polymer thus prepared. The resulting
solution was added to 40 grams of carbon black spheres
having an average particle diameter of 850 square me-
ters per gram. The resulting composition was thot-
oughly mixed using a Sunbeam Mixmaster. The mix-
ture was then extruded through a hole of 1/16 inch
diameter using a piston-type extruder operating at
800-2000 pounds per square inch gauge.

The resulting extrudates were heated overnight at
HOC. to volatilize all of the acetone present and then
carbonized in a tube furnace under flowing N,. A tem-
perature of 600°C. was reached in about | hour and
held for 1 hour. The extrudates were then cooled to
room temperature under flowing nitrogen. The product
wus obtained in the form of cylindrical pellets. Proper-
ties are also given in Table L

EXAMPLE 2

The procedure of Example 1 was repeated in every
essential detail except that 20 grams of a commercial
phenol-formaldehyde resin was substituted for the fur-
furyl alcoho! polymer of Example | and the extrusion
pressure was 2400 psig. Properties of the resulting
pellets are alkso given in Table 1

TABLE I

1

2
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lower pare volumes can be tolerated, higher binder
usage may be desirable.

EXAMPLE 3

In 75 mi. of acetone were dissolved 7.5 grams of
poly(furfuryl alcohol) prepared as in Example 1. To
this solution were added 30 grams of the carbon black
spheres as used in Example | After thorough mixing,
the resulting composition was extruded as in Example |
using 250-500 psig extrusion pressure. The extrudites
were dried overnight and then carbonized as in Exam-
ple 1. Propertics of the resulting pellets are given in
Table 1 and FIG. L.

COMPARATIVE EXAMPLE B

For comparison purposes, a commercially avaitable
carbon prepared by oxidation of carbon was selected.
This carbon is sold under the tradename Darco Granu-
lar and was in the form of grains 12 X 20 mesh. Proper.
ties are also given in Table 1T and FIG. 1.

COMPARATIVE EXAMPLE C

For comparative purposes, another commercially
available carbon prepared by oxidation of carbon was
selected. This carbon is sold under the tradename Co-
lumbia Type L and was in the form of grains of 12 x 20
mesh. Properties are also shown in Table Hl and FIG. 1.

PROPERTIES OF CARBON PRTICUFATES

PORFE SURFACE CRUSH
EXAMPLE VOLUME" AREA? STRENGTH?
3 G4 330 31
Comparative H 1l SHO 33
Cuomparative C 086 1235 57
Motes 'ce/gram
¥ gram
bs.

In FIG. I are shown the pore size distribution for the
carbons of Example 3. Compuarative Example B, and
Comparative Example C as obtained by mercury poros-
ity [see Orr, C., Powder Technol, 3, 117 (1969-70)|. In
the figure, the change in pore volume with respect to
the change in the natural logarithm of the pore radius is
plotted against the logurithm to the base 10 of the pore
radius, As can be seen by the figure, the pore size distri-
bution curves illustrate the major difference of carbon

PROPERTIES OF CARBON PARTICUE ATES

BINDER PORE CRUSH
EXAMPLE BINDER AMOUNT! VOLUME? STRENGTH?
Comparative A None 0 100 1.2
1 Polyd furfury! aleoholy 25 0.9y 5.4
s Phenoi-formaldehy de s a2 17
runin
Notes:

"Weight % hused on weight of carbon hluck
*Cubic Centimeters per gram
Pounds

Tabile I illustrates the importance of the binder in
obtaining improved purticulate strength. It can be seen
that use of 25% binder resulted in 4 4.5 fold increase in
strength with essentindly no loss in pore volume. Use of
higher amounts of binder results in further increases in
strength but results in lower pore volumes. Thus, if

i)

purticulates of the present invention, which have many
more pores in the region of radit of 40-100 angstrom
units while many of the pores of the comparative car-
bons are too small to be measured by mercury penetra-
tron,
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EXAMPLES 4-7

In these examples, a series of carbon particulates
were prepared following the procedure of Example 3 in
every essential detail except that carbon black spheres
of different particie sizes were employed in sepurate
preparations. Properties of the curbon black spheres
employed and of the resulting carbon particulates are
given in Table I

10
tively to 40 ml. of methyl cellosolve and reduced at
35°C. far 1 hour and 40 psig hvdrogen pressure using a
Parr shaker. A solution containing 6-demethyitetracy-
cline dissolved in methyl cellosolve was then added to
provide a concentrution of 60 grams per {iter of 6-
demethyltetracycline. The solution was then hydroge-
nated at 35°C. for | hour and 40 psig. hydrogen pres-
sure. After | hour of reduction, samples were taken for
analysis and concentritions of reactant and product,

TABLE HI
CARBON BLACK SPHERES EXTRUDATE PROPERTIES
SPHERES)
AVERAGE SURFACE  BINDER  SURFACE PORE RADII
EX. MAMETER! AREAS RATIO! AREA VOLUME! PEAKS AT!
i2a K50 o+ 550 .95 1268
5 3o 230 a 50 0.43 I8 + broud
dist o =200
0 ] KO 1 175 TOHL PR
7 150 554 4 S .45 1H.495
Muotes PAnpstrom Unos

‘Meters *griun
‘Hased on weight hefore carbonization
cofgram

it can be seen from Table HI that the physical proper-
ties of the catalyst purticulates of the present invention
may be varied by varying the size of the carbon black
spheres or the ratio of spheres to binder. It is evident
that the pore size of the carbon particulates cun be
shifted toward larger sizes by using carbon black
spheres of larger average particle size,

EXAMPLE R

I this exumple a catalyst was prepared by depositing
rhodium metal on catalyst particulates prepared in
accordunce with Example 3

In 20 ml of water were dissolved 3.74 grams of
RhCl.3H.O and the resulting solution was added to
180 mil of dimethylformamide in a 300 mi bottle. To
the mixture was added 10.5 grams of catalyst particu-
late of Example 3 and the mixture was hydrogenated at
50 psig. using a Parr shaker to deposit rhodium metal
on the carbon particufates. When H, uptake was com-
plete, the catalyst was filtered and washed with water,
and stored in an approximately 50% water-wet state,

COMPARATIVE EXAMPLE D

In this example o catalyst was prepared by depositing
rhodivun metal on commercially available carbon par.
ticutates prepared by conventional oxidation proce-
dures 10 provide porosity.

The procedure of Example 8 was followed in all es-
sential details except that the carbon particulates were
those commercially available under the tradename
Norit SGX.

LXAMPLE 9

In this example, the catalysts prepared in Example 8
and Comparative Example D were evaluated in the
process of catalytic reduction of 6-hydroxy hydronaph-
thacencs, as described in U8, Put. No. 3,018,260, is-
sued Jan. 3 1962w MceCormick et al. For testing,
cittidvsts were prepared as in Example 8 except that the
amount of RhCLH O was varied so that eatalysts
were obtained which contiined cither 6% metal or 129
mwetal based on the totd weight of the catalyst composi-
tion. ‘Fhe catalyst was added in the amount of 0.003 or
0006 1roy ounces of rhodium metal depending on
whether the catadyst contained 6 or 129 metal, respec-
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6-demethyl-6-deoxytetracycline. Results are given in
Table IV.
TABLE 1V
CATALYTIC REDUCTION OF 6-DIMETHYLTETRACYCE INE

Catalyst Conversion Sclecuvity To
of Rhodiem S Afler 6-Demethyl
Example (%) 1 Hour 6-Beosyretrucyeline
Comparutive D [ 45 .80
i fi 57 $LRK
Comparative B i2 55 R
X i2 tfy (Q.R4

IPereent Bused un dotad of Catalyas compositian

The data of Table IV show that catalysts prepared
using as carriers the carbon particulates of the present
invention provide both a greater activity and greater
selectivity than similar catalysts prepared using con-
ventional carbon supports. Note that the catalyst of the
invention is more active at 6% metal than the compara-
tive catalyst at [2% metal. It is believed that the supe-
rior results achieved by catalysts prepared by use of
carbon purticulates of the present invention is due
primarily to the increased number of pores in the
50-200 angstrom units range of pore radii since these
pores waould be large enough to allow unrestricted
entry of the larpe reactant molecules.

. EXAMPLE {0

Using the carbon particulate prepared in accordance
with Example 3, a catalyst was prepared.

To 00 mi. of water was added 0.17 gram of PdCl,
(60% Pd} und then 4.0 mi. of 10% aqueous HCT was
added, The composition was stirred for about 40 min-
utes to dissolve the PdCL. Ta the solution was then
added 4.9 grams of the carban particulutes of Example
3 in a particle size of 40 X 60 mesh and an additional 15
minutes of stirring was effected. The pH of the mixture
was ratsed to 9.5-10.5 by the addition of 2M NuOH.
The pH was maintained for 15 minutes by drop wise
addition of NaOH as necessary. A total of 2.5-3.4 ml.
of caustic was required. The catadyst was then sepa-
rated by filtration and washed with 300 mi. of water.
The water-white filtrate indicated that all of the palla-
dium was taken up by the carbon. The catalyst was
buttled and stored in a state of 50% water wet. Before
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use, an aliquot was dried 30 minutes a1 125°C. o deter-
mine Hs dctusl wetness,

COMPARATIVE EXAMPLE E

The procedure of Example H) was followed in every
material detail except that in place of the carbon par-
ticulate prepared in accordance with Example 3, there
was substituted the curbon particulate of Comparative
Example C in g particle size of 40 X 60 mesh.

EXAMPLE 1!

In this exumple, the catalysts prepared in Example 10
and Comparative Example E were evaluated in the
process of catalytic reduction of 2,4-dinitrotoluene.

in a mixture of 10 ml. of water and 60 ml. of isopro-
punol in a 500 mi. Parr bottle was dissolved 0.91 gram
(0.005 mole} of 2,4-dinitrotoluene. Encugh catalyst in
the 50% water-wet state was added to provide 0.20
gram of catalyst on a dry basis, the catalyst correspond-
ing to 2% Pd on carbon. The bottle was attached to the
Parr hydrogenator and flushed 3 times with hydrogen.
Tt was then pressurized with hydrogen to 40 psig. and
isolated. Shaking of the bottle was carried out and the
extent of reaction was followed by noting the hydro-
gen-pressure drop on the gauge. The reaction bottie
was maintained at 35 =+ 0.5°C. using a thermostated
water jucket. Results of the reactions are shown in FIG.
2.

From FIG. 2 it can be seen that the reaction is com-
plete in approximately 45 minutes when the catalyst
prepared in accordance with Example 10 is employed.
On the other hand, when the catalyst prepared in ac-
cordance with Comparative Example E is employed a
reaction time of approximately 1S minutes is re-
quired. Again, it appears that the superior results ob-

tained with the catalysts of the invention is due primar-

ily to the wide pores it contains and to the smaller mass
transfer limitations imposed thereby,

We claim:

L. A catalyst composition comprising a porous car-
bon particulate support comprising carbon  black
spheres in packed relationship and bonded with a car-
bonized binder, said spheres having a particle size in
the range of about 80 to 5000 angstrom units and said
puarticulate having a pore size distribution exhibiting
peaks at & pore radius in excess of 10 angstrom units
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and. curried on said support, an effective amount of a
catalytic activator, :

2. The catalyst compasition of claim 1 wherein said
support hus a pore volume of at feast about 0.2 cubic
centimeter per gram,

3. The catadyst composition of claim 1 wherein suid
support has a pore volume of about (0.4-1.0 cubic cen-
timeter per gram,

4. The catalyst composition of claim 1 wherein said
support has a composition of less than about 1 weight
percent of ash,

5. The catalyst composition of claim ! wherein said
carbon black spheres have a particle size in the range of
about 80-300 angstrom units.

6. The catalyst composition of claim 1 wherein said
support has a pore size distribution exhibiting maxi-
mum pore radius in the range of about 40100 ang-
strom units.

7. The catalyst composition of claim 1 wherein said
support has a pore size distribution exhibiting peaks in
the range of radii of about 10-250 angstrom units.

8. A catalyst composition comprising a porous car-
bon purticulate support comprising carbon black
spheres in packed relationship and bonded with a car-
bonized binder, said spheres having a particle size in
the range of about 80 to 3000 angstrom units and said
particulate having a pore size distribution exhibiting
peaks at a pore radius in excess of 10 angstrom units
and, carried on said support, an effective amount of at
leust one catalytically active metal.

9. The catalyst composition of claim I wherein said
activator is a platinum group metal.

10. The catalyst composition of claim 2 wherein said
activator is a platinum group metal.

11. The catalyst composition of clain: 3 wherein said
activator is a platinum group metal.

12. The catalyst composition of claim 4 wherein said
activator is a platinum group metal,

13. The catalyst compasition of claim 5 wherein said
activator is a platinum group metal.

14. The catalyst composition of claim 6 wherein said
activator is & platinum group metal.

15. The catalyst composition of claim 7 wherein said

activator is a platinum group metal.
* x R k&




