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IMPROVED METHODS AND CATALYSTS

FOR THE MANUFACTURE OF CARBON FIBRILS

Background of the Invention

Carbon fibrils are vermicular carbon deposits having

|

diameters less than 500 nanometers. They exist in a variety of

forms, and have been prepared through the catalytic

decomposition of various carbon-containing gases at metal

surfaces.

Tennent, U.S. 4,003,230, describes carbon fibrils that are
free of a continuous thermal carbon overcoat and have multiple
graphitic outer layers that are substantially parallel to the
fibril axis. They generally have diameters no greater than 0.1
micron and length to diameter ratios of at least 5. Desirably
they are substantlally free of a continuous thermal carbon
overcoat, 1.e., pyrolytically deposited carbon resulting from
thermal cracking of the gas feed used to prepare them.

Tubular fibrils having graphitic layers that are
substantially parallel to the microfiber axis and diameters
between 3.5 and 75 nanometers, are also described in U.S.
Patent No. 5,165,909 granted to Tenant et al, on November 24,
1992 (“"Novel Carbon Fibrils, Method of Producing Same and
Compositions Containing Same”), U.S. Patent No. 5,171,560
granted to Tenant et al., on December 15, 1992 (“Novel Carbon
Fibrils, Method for Producing Same and Encapsulated Catalyst”),

PCT publication W0O90/07023, Mandeville et al., published on
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June 28, 1990, ("Fibrils”, and PCT publication W090/14221
McCarthy et al, published on November 29, 1990 (“Surface
Treatment of Carbon Microfibers”), all of which are assigned to

the same assignee as the present application.

5 Fibrils are useful in a variety of applications. For

example, they can be used as reinforcements in fiber-reinforced
composlite structures or hybrid composite structures (1.e.

composlites contalning reinforcements such as continuous fibers

1n addition to fibrils). The composites may further contain
10 fillers such as a carbon black and silica, alone or in
combination with each other. Examples of reinforceable matrix
materials 1nclude 1norganic and organlc polymers, ceramics
(e.g., lead or copper). When the matrix 1s an organic polymer,
1t may be a thermoset resin such as epoxy, bismaleimide,
15 polyamide, or polyester resin; a thermoplastic resin; or a

reaction injection molded resin. The fibrils can also be used

to reinforce continuous fibers. Examples of continuous fibers

that can be reinforced or included i1in hybrid composites are
aramid, carbon, and glass fibers, alone, or in combination with
20 each other. The continuous fibers can be woven, knit, crimped,

Oor straight.

The composites can exist in many forms, including foams
and films, and find application, e.g., as radiation absorbing
materials (e.g., radar or visible radiation), adhesives, or as

25 friction materials for
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clutches or brakes. Particularly Q;eferred are fibril-
reinforced composites in which the matrix i1s an
elastomner, e.g.; styrene-butadiene rubbet, cis-1l,4~-
polybuﬁadiene, or natural rubber.

5 In addition to reinfcrcements, fibrils may be
combined with a matrix to create composites.having
enhanced thermal, and/or electrical conductivity, and/or
optical properties. They can be used to increase the
surface area-of a double layer capacitor-plate or

10 electrode. They can also be formed into a mat (e.g., a
paper or bonded non woven fabric ) and used as a filter,
iinsulation'(e;g;, for absorbing heat or sound);
reinforcement, or adhéredto‘the surface of carbon black

' toform,"fu22y" carbon'black. Moreover, the fibrils can

15 be used as an adsorbent, e.g., for chromatographic
separations.

Fibrils,are'advantageouslyprepared.by
contactingé-cérbon-containing gas Qi;ﬁ a.metal catalyst
in a reactoratwtemperature-and6ther conditions

20 sufficient toproducethem'withthe:abqv27§§scribed
morphology. Reacticn temperatures are‘4db-§56°é, more
preferably 600-750°C. Fibrils are preferably prepared
continuously by bringing the reactorto?fhé reaction

témperature, adding metal catalyst paﬁ;igles, and then

. e ~ oy

- 25 continuously contacting the qatalyst:with-the carbon-

containing gas.

~h—
e

Examples of suitable feed gases include

aliphatic hydrocarbons, e.g., ethylene, propylene,
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4
propane, and methane; carbon monoxide; aromatic

hydrocarbons, e.g., benzene, naphthalene, and toluene;

and oxygenated hydrocarbons.

Preferred catalysts contain iron and,
preferably, at least one element chosen from Group V
(e.qg., molybdenum,tungsten, or chromium), VII (e.dg.,
manganese), or the lanthanides (e.g., cerium). The
catalyst, Wthh 1s preferably in the form cf metal
particles, may be dep051ted on a support, e.g., alumina
and magnesila.

The carbon flbrlls have a length-to—dlameter

ratie of at least 5, and more preferably at least 100

Even'more preferred are flbrlls whose length-~t o-dlameter

-ratlo is at least 1000. The wall thlckness of the

fibrils is about 0.1 to 0.4.t1mes the fibril external

~ diameter. S . -

20

25

The-external diameter of the fibrils preferably

'ls between_a 5 and 75 nanometers, l.e. determined by the
'partlcular appllcatlon enV131oned) have diameters Wlthln

.the range of 3—5-75“nanometers.i Preferably a large

proportlon.have dlameters falllng within this range. In
applications where high strength fibrils are needed
(e. g.,wwherewrne'fibrils are used as reinforcements), the

external flbrxl dliameter is pre.erably constant over its

- -et' -—y- -
-*- oA

length, "Fgfer~
Fibrils may be prepared as aggregates having

various macroscopic morphologies (as determined by

scanning electron microscopy) in which they are randomly
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5
entangled with each other to form entangled balls of
fibrils resembling brrd nest ("BN"); or as aggregates
consisting of bundles of straight to slightly bent or
kinked carbon fibrils having substantially the same
relative orientation, and having the appearance of combed
varn ("CY") e.g., the longitudinal axis of each fibril
(despite individual bends or'kihks) extends 1n the same
direction as that of the surrounding fibrils in the
bundles: or, as, aggregates consisting of straight to

slightly bent or kinked fibrils which are loosely

entangled with each other to form an "open net"” ("ON")

'structure. In open net structures the degree of fibril
entanglement is greater than observed in the combed yarn
i_aggregates (in which the individual fibrils have

~substantially the same relative orientation) but less

than-that“Of bird nest. CY and.ON aggregates are more
readlly dlspersed than BN making them useful in composite
fabrlcatlon where unlform propertles throughout the

structure'are desired. The substantlal linearity of the

individualfibril strands also,makes.the,eggregetes
' useful in EMI shielding;and electrical“applioaéfohe.

o - The mecroscopio morphology of the aggregate 1s

controlled by the choice of catalyst supporﬁ;? Spherical

supports grow f£ibrils in all directionsxleeding'to the

formation of bird_nest'aggregates. 'Coﬁhed:yérn and open
nest aggregates are prepared using supports having one or
more readily cleavableplanar'surfaces, e;g., an iron or

iron-containing metal'catalyst particle deposited on a

- .
. .
L T
- -
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support material having one or more readlly cleavable

surfaces and a surface area of at least 1 square meters

per gram.

Preferred support materials include activated

5 alumina or magnesia in the form of aggregates of tabular,

prismatic, or‘platelet crystals. Such material 1is

commercially available, e.g., from ALCOA (in the oase of

activated alumina) and Martin Marietta (in the case of

magnesia). The activated alumina supports yield

10 primarily combed yarh aggregates, while the magnesia
supports yield primarily open net aggregates. Spherical

-gamma'alumina particles; which vield bird nest
aggregates, are availablefrom-Degussa.
-It'is-believed that deposition of.a catalyst on

15 a'support conSisting-of readily.cleavableplanar'surfaces o

' allows tae fibrlls to.a531st each other as they grow,

' creating a "neighbor" effect. As the catalyst particles
_depOSLted oh the . flat surfaces 1n1tiate fibril growth
ithe ind1v1dual fibrils-are~influenced by their | ‘

20 “neighbors",f-;hﬁghefcase of the activated alumina
'support, this leaésufo‘a combed,yarn fibril-aggregate in
which the individual fibrils have the same relative

,orientation.,;The”oagnesia supports, although having

readily cleavable planar surfaces, vield primarily

. e e vra
H_Fﬂ -

25 .lightly'entangled- open net flbrll aggregates because
they break apart more readily into smaller particles than

the activated‘alumina support during fibril growth,

resulting in aggregates that are less ordered than the
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combed yarn aggregates but more ordered than the tightly
entangled fibril balls. The oxide precursors used to generate
the metal catalyst particles also affect the tendency of the
support to break apart. The more readily the oxide and support
can form a mixed oxide at the interface between them, the more
likely the support 1s to break apart.

Further details regarding the formation of carbon fibril
aggregates may be found 1n the disclosure of PCT Application
No. US 89/00322, filed January 28, 1989 (“Carbon Fibrils”)
WO089/07163, and PCT Application No. US90/05498, filed September
27, 1990 (“Fibril Aggregates and Method of Making Same”) WO
91/05089, all of which are assigned to the same assignee as the
invention here.

Fibrils are 1increasingly important in a variety of
industrial uses and will become more so as these unique
properties become better understood and exploited. While known
methods of manufacture permit production of small gquantities of
fibrils, 1t 1s 1mportant to 1mprove these methods, and in
particular the catalysts used in those methods, to increase the
vield of fibrils, to improve their quality and to lower their
cost of production. It 1s also desirable to produce carbon

fibrils of i1mproved purity.
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QBJECTS CF THE INVENTION
It is thus a primary object of the invention to
provide improved catalysts for the production of fibrils.

It is a further object of the invention to
5 increase the yield and productivity of fibril-producing

catalysts.

It is still a further object of the invention
to provide improved methods of preparing fibril-producing
catalysts. .

10 o It is yet another object of this invention to
improve the quality and uniformity of fibrils and
aggreggtesthereof. B .

- It ié'a further and.related object of the
lnventlon to prov1de catalysts which lend themselves to

'15 large-scale flbrll-produCLng processes

It.ls Stlll a further and related object of the

1nventlon,to 1mprove the economlcs and rellablllty of

'flbrll_manufacture,_;’,M<#.’

20 ' SUMMARY OF-THE INVENTION

Methods have now been found which substantially

improve the yield of catalysts for the manufacture of
carbon fibrils_and carbon fibril aggregates.

Substantially impro?eg:yields can be obtained by

~ -~
- -’ L

25 contacting.a fibriIfformiﬁngatalyst with an effective
yield-enhancing amount‘of'a carboxylate, such as a lower
carboxylic acid or a salt thereof. The method 1is

preferably carried out by precipitating an effective
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amount of a fibril-producing metal 1ion from an agueous

-

solution onto slurried particles of a support material 1in
the presence of a carboxylate, such as an anion of a
water-soluble'carboxylic acid;preferably having 1 to 4

5 carbon atoms.

‘Ancther method which has been found to
substantially improve the manufacture of catalysts for
'the production of carbon fibrils and fibril aggregates
includes the step of.coprecipitating a compound of a

10 metal havingfibril-forming cataiyticproperties and an
alumlnum or magne51um compound under controlled pH
 cond1t1ons to form a catalyst comprlslng a compound of
alumlnum or magne31um and a compound of the metal(s).
_Des1rably an aqueous solutlon of an iron and/or
N 15-;molybdenumsalt and an alumlnum salt is formed and the
 '- meta1scoprec1p1tated to form a mlxed oxide catalyst
' It has also been found that fibril- formlng
catalysts may be'advantageously supported on carbon
partlcles and de31rably on.carbon flbrll aggregates
7f20' composed of-carbon flbriis of partlcular characterlselcs
. 'in theseaggregates,apreponderanceof the fibr;is have
~a length to diameter ratio.of at least 5, an external
diameter'from'B.S to 75 nanometers and_amwall;thickness
of 0.1 to 0.4 times the external diameter Thewfibrils
25 have graphltlc layers substantlally parallel.tonrhe
flbrll axis and are substantlally free of pyrolytlcally

dep051ted carbon. The active flbrll-formlng metal 1is

desirably iron or iron and molybdenum and preferably

sy & v
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these active metal catalysts are deposited on the fibril

aggregates as

mixed oxides wilit alumina or magnesia as

described above.

According to one aspect of the present invention,

there 1s provided a method for the manufacture of a metal-

containing carbon-fibril-forming catalyst comprising

lncorporating

an effective amount of a carboxylate into a

metal-containing carben-fibril-forming catalyst to enhance

the amount ot
used 1n a gas
the amount ot
gas synthesis

catalyst made

carboxylate,

carbon fibrils produced per weight catalyst
synthesis fibril-forming process compared with
fibrils which would have been produced by said

fibril-forming process per weight of said

without said i1incorporation of said

whereln sa.d metal-containing carbon-fibril-

forming catalyst comprises at least one carbon-fibril-

forming catalyst metal derived from a metal-containing

—

compound, sald metal-containing compound being different

from the carkoxylate and also being different from a

compound from which the carboxylate 1s derived said carbon-

fibril-forming catalyst metal being selected from the group

consisting of Group V, Group VII and the lanthanides.

According to another aspect of the present

invention, there 1s provided a method for the manufacture of

a metal-containing carbon-fibril-forming catalyst comprising

contacting a metal-containing carbon-fibril-forming catalyst

with an effective amount of a carboxylate to enhance the

amount of carbon-fibrils produced per weight catalyst used

in a gas synthesis process compared with the amount of

fibrils which would have been produced by said gas synthesis

process per weight of said catalyst made without said

contacting with said carboxylate, wherein said metal-
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contalining carbon-fibril-forming catalyst comprises at least

one carbon-fibril-forming catalyst metal derived from a

metal-containing compcund, said metal-containing compound

being different from the carboxylate and also being

different from a compocund from which the carboxylate is

derived, said carbon-fibril-forming catalyst metal being

selected from the group consisting of Group V, Group VII and

the lanthanides.

According tc still another aspect of the present

invention, there is provided a method for the manufacture of

a metal-containing carbon-fibril-forming catalyst comprising

preclipitating an effective amount of a catalyst compound of

a carbon-ftibril-forming catalyst metal from an agueous
solution ontc a slurry of support particles 1n the presence
of an effective amount of a carboxylate to enhance the
amount of carbon fibrils produced per weight catalyst used
1n a gas synthesis process compared with the amount of
fibrils which would have been produced 1n said gas sythesis
process per welight of said catalyst made without said

gr—

precipitating 1n the presence of said carboxylate, wherein

sald metal-ccntaining carbon-fibril-forming catalyst
compound comprises at least one metal derived from a metal

contalning ccmpound, sald metal containing compound being

different from the carboxylate, and also being different

from a compound from which the carboxylate 1s derived.

gh—

According to yet another aspect of the present

invention, there 1s provided a method for the manutfacture ot

a metal-containing carbon-fibril-forming catalyst comprising

the steps of: (a) forming an agueocus solution of an 1ron

compound or iron and molybdenum compounds; (b) forming a
slurry of catalyst support particles comprising alumina or
magnesia particles or both; (¢) mixing the solution with

said slurry and precipitating the i1ron compound or 1iron and
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molybdenum compounds onto said alumina or magnesia particles

or both 1n the presence of an effective amount of a

carboxylate to enhance the amount of carbon fibrils produced
per weight catalyst used 1n a gas synthesis process compared
with the amount of fibrils which would have been produced by
sald gas synthesis prccess per weight of said catalyst made
without said precipitating with said carboxylate, to form an
impregnated support material; and (d) separating the
1mpregnated support material from said slurry and processing
the material to produce a supported metal-containing carbon-

fibril-forming catalyst, wherein said solution, said slurry

or both said solution and said slurry further comprise said
carboxylate 1n addition to said i1ron compound or iron and

molybdenum ccmpounds or said alumina or magnesia particles

or both.

According to a further aspect of the present
invention, there 1s provided a metal-containing carbon-

fibril-forming catalyst produced by a method comprising the

step of incorporating an etffective amount of a carboxylate

into a carpbon-fibril-forming catalyst containing a metal to

#

enhance the amount of carbon fibrils produced per weight

catalyst used 1n a gas synthesis process compared with the
amount of fikrils which would have been produced 1n said gas
synthesis process per weilight of said catalyst made without
sald 1ncorporation of said carboxylate, wherein said metal
1s derived from a metal-containing compound which 1s
different from said carboxylate, and which 1s also different

from a compound from which the carboxylate 1s derive said

carbon-fibril-forming catalyst metal being selected from the

group consisting of Group V, Group VII and the lanthanides.

According to yet a further aspect of the present

invention, there 1s provided a method for the manufacture of

carbon-fibrils comprising passing a sultable fibril-forming
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feed stock under temperature and pressure conditions

sultable for formatior of fibrils over a catalyst produced

by the method of i1incorporating an effective yield enhancing

= N

amount of a carboxylate i1into a fibril-forming catalyst.

According tco still a further aspect of the present
invention, there 1s provided a carbon-fibril material made
by the steps of passing a suilitable fibril-forming feed stock
under temperature and pressure conditions sultable for
formation of fibrils cver a catalyst produced by the method
of i1ncorporating an effective yield enhancing amount of a

carboxylate 1nto a fibril-forming catalyst.

The i1mproved methods of making fibril-forming

catalysts anc the improved catalysts themselves

substantially 1ncrease the vyield of fibrils per unit ot

fibril-forming catalytic metal. Carboxylate treatment

during the making of fibril-forming catalysts yveilds
catalysts with higher productivity. Coprecipitation of
catalyst metal (s) and a.uminum oOr magnesium compounds
provides catalyst with higher loadings of active metal (s)
and therefore higher productivities. Further, use of fibril

aggregates as catalyst supports lend themselves to large

B

scale fibril producing processes. The i1mproved catalysts of
the invention can be used to produce not only fibrils such
as are described in Tennent, U.S. Patent No. 4,663,230 -

although the fibrils of the invention have higher purity as

made - but also fibrils having different macromorphologies,

such as the so-called fishbone (“FB”) morphology as
described in published European Patent Application No. 198,
558 to J.W. Geus (published October 22, 1986).
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DETAILED DESCRIPTION OF THE INVENTION

The term “fibril-forming catalyst” is used to

refer collectively to catalysts for forming discrete carbon

fibrils, carbon fibril aggregates or both.
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The term "carbon fibrils® whenﬁ;eferring to
products is used to refer collectively to both discrete
carbon fibrils and carbon fibril aggregates, unless the
context indicates a different meaning.
Carboxylate Treatment

Catalysts for producing carbon fibrils are made
by incorporating an effective yield-enhancing amount of
an anion capable of an anion exchange reaction with OH-
groups, such as a carboxylate or a phenolate into a
catalyét. Accordingly, catalysts for the production of

carbon fibrils can be obtained by precipitating an

effective amount of a compound of a fibril-producing

metal, e.g. iron or iron and molybdenum, from an aqueous

“solution onto slurried particles of a support in the

presence of an effective, yield-enhancing amount of a

carboxylate. Preferably the carboxylate may generally be

an anion of a water-soluble carboxylic acid, such as a

~substituted or'unSubstituted,;mono-, di-, tri- or

polycarbOiylicacid;'preferablya water-solubie

monocarboxylic acid having 1 to 4 carbon atoms, . or—an:

agueous emulsion of a nonwater-soluble carboxylic acid

with an emulsifier._
In alternative embodiments the carboxylate may

be present in undissociated form provided that the

———— L L

carbOxylate is capable of reacting with or?othefﬁise
affecting the surface prdperties of the metal oxide or
metal hydroxide catalyst support. Hence, the carboxylate

can be used in a nonagueous solvent system that 1s also

. S R - . -
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amenaple to use as?theisoivent system in the formation of

fibril-forming catalysts, such as, for example, an
alcohol solvent system;

The carboxylate may be in the form of a
hydrogen (i.e., carboxylic acid), sodium, potassium,

ammonium or substituted ammonium, such as N-alkyl

‘ammonium, carboxylate.

Desirably the anion is acetate or formate and
is obtained from a water soluble salt of formic acid or
acetic acid. Other carboxylates include propionates,
butyrates, oxalates, citrates and tartrates.

. A preferred form of the carboxylate 1s as the

ammonium salt because ammonium ion is destroyed upon

‘drying. Other carboxylate salts such as sodium,
potassium and substituted quaternary ammonium, such as N-

‘alkyl ammonium, may also be used.

A preferred'methOd'Of carboxylate treatment

'lncludes the steps-of (a) formlng an aqueous solution of

~ iron or iron and molybdenum salts, (b) forming a slurry

of a catalyst support e g aIumlna and or magnesia, (cC)

prec1p1tat1ng an iron compound or iron and molybdenum
compounds onto the slurrled~partlcles of alumina and/or

magnesia in the*presenCe‘of"an‘effective yield-enhancing

amount of the carboxylate, preferably the anion of a

lower carboxylic acld' at a pH at which precipitation 1is

initiated and the precipitate maintained in insoluble
form and generally in the range of 3 to 14, preferably

5.5-6.5, and (d) further processing it to produce the

PCT/US93/04339
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fibril-forming catalyst. Such further processing may
conmprise separating the so-impregnated support material
from the slurry, drying it and finely dividing 1t or
injecting the slurry directly into the reaction vessel
for in situ conversion into catalyst.

In a.preferred alternative embodiment, the

- method includes the steps of (a) forming an agueous

solution of iron or iron and molybdenum salt, (b) forming
a solution of catalyst support precursor, such as an
aluminum or magnesium salt, (¢) mixing these two

solutions and coprecipitating a mixed oxide catalyst 1in

.the.presence of car50xylate_and (d) separating the

coprecipitated mixed oxide catalyst and further

processing it. In a variant of this method; the alumina

‘or magnesia support itself is formed in the presence of

carb0xylate.and the catalyst}is then precipitated'onto
the'thus-created support from an agueous solution of the
'DesirabIY.the sclution from which the compounds

of fibriléforming metal are precipitated-onthﬁgé;f5” 

whve

slurried particles of support"particles codtaiﬁs!from

0.04 to 4 grams of the anion of the carbdxylic acid per

- gram of supported fibril-forming catalyst,amﬁ;éfeferably

from 0.8 to 2 grams. Where iron or iron and molybdenum

-——-- ey e
e A » —trly -—

is the active fibril-forming metal, the'wéiqht r$£io’of

anion of carboxylic acid to iron or iron and molybdenum

in the solution from which the iron or iron and
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molybdenum is precipitated is broadly in the range ot
0.07 to 14 and preferabiyjis in the range of 1.4 to 5.2.
' In preferred embodiments where the carboxylic

acid is acetic acid, the weight ratio of acetate to iron
5 in the solution is in the range of 0.1 to 5. Acetate 1is

the preferred anion when precipitation is carried out at

a controlled pH among other reasons because solutions

thereof act as buffers..

The precipitated metal on catalyst support 1is

10 filtered and may be washed and reslurried and then vacuum
or pressure filtered. The washed and filtered slurry 1s
then dried ahd may be ground to =100 mesh and-théreafter
tested for productivity. The catalyst is activated by
reduction of the compounds of fibril-forming catalyst

15 metal to the corresponding catalyst metal. The catalyst
can aiso be prereduced prior to use.

It has been found-that it is advantageous to
introduce the carboxylate;salt, e.g. of acetic or formic
acid,intb the slurrysf’the supporﬁ material prior to

20 its COmbination with-the solution containing the active
inbril-forming’metaicdﬁéogﬂa;i

While the precipitation procedure works best 1if
the carboxylate- is pfe;éﬁt in the slurry of catalyst

support material, e.g. _.alumina, the support material can

.—_.\__ .-
V"

25 also be pretreated with -a solution of carboxylate and

then dried before*theiron or iron and molybdenum salt is

precipitated thereupon. A post-precipitation contact

with carboxylate is less effective, but still provides

C L e Dl B0 f ddadahgaey 24 *
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improved results over catalysts without carboxylate
treatment.
On magnesia-supported catalysts, still other

procedures for treating with carboxylate work well. For
5 example, washilng a magnesia-supported.catalyst with 1N

ammonium acetate after precipitation of the iron or 1iron

and molybdenum compound(s), i.e. a post-precipitation

method, has a strong.positive effect on catalyst

productivity. '

10 While not wishing to be bound by any theory, it
is believed that the carboxylate acts by exchanging with
surface hydroxyl 1ons to alter the surface

‘characterlstlcs of the support materlal This, in turn,
. canstrongly affect the attachment of the small iron

15‘ oxideoriron/molybdenumoxide\particles to the surface

ef thesﬁpport‘ With maghesia.supports, the ion exchange

~ can be accompllshed efflclently by washing after the iron
oxlde or iron and molybdenum oxldes have beeh'depQ51ted.
.It 1s belleved that surface modlflcatlon of the support

20- by carboxylate can be beneflclal to the catalyst.1n~two

ﬁways. - First, the carboxylate, by affecting the-,
.attachment of the metal oXide'particles to the surface,

makes the subsequent reductlon and actlvatlon of those

particles take place more efficiently. Secohdly, the

v, - LA T RS g L
uink.

25 surface modification changes the friability - - -

characteristics of the support surface which can have a

w—trn.

beneficial effect.

J—— [RRe———— R . .

-——



WO 93/24687 2 1 1 8 4 1 3 PCT/US93/04539

10

15

20

25

16

The improvement in yileld achieved with

—r

carboxylate-treated catalysts ranges from about 10 to 20%

when preparing bird nest (BN) type fibril aggregates to

about 100% when producingbéombed yvarn (CY) or open net
(ON) type fibril aggregates.
Co~-Precipitation

Imptoved fibril-making catalysts can be
obtained by_coprecipitating thé mixed oxide(s) of fibril-
forming active metal and a precurSOr'of’a second oxide,
e.g. aluminum 6xide or magnesium oxide. In a preferred
emnbodiment an aqueous-solution is formed comprising (1) a
salt(s) of one or more metal(s) having'fibril-forming'
catalytic properties and (ii) an aluminum and/or

magnesium salt(s). The fibril~:orming metal(s) and the

aluminum and/or magnesium are coprecipitated from the

aqueousSClution as the mixed oxides of the metal(s)'and
aluminum and/or magnesium and thereafter the precipitate
is filtered; washed,mdrigd and.grouhd as is known in the
art.  N ,. -
Desirablywth%;gﬁbrii-forming metal catalysts
are iron or ironand_méiygaéﬁﬁm and these are
precipitated by the addition of a base such as ammonlum
carbonate or sodium;ééfbénate at a pH sufficient to

initiate precipitation and to maintain the precipitate 1in

p— ‘- daaih ol
b o B g il

insoluble form. The?pH is generally in the range of from
3 to 14 andpreferably is in the range of 5.5 to 6.5.

Precipitation preferably 1s carried out in the presence

4 v = Eme e g By - - nw‘ o — '. - . .
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of a yield-enhancing amount of an anion of a water-
soluble carboxylic acid.

The solution from which the iron compound or
iron and molybdenum compounds are precipitated desirably
contains from 0.01 to 1 gram of iron, preferably from 0.3
to 0.5 gram; from 0.005 to 0.25 gram of molybdenum,
preferably from 0.06 to 0.1 gram; and from 0.1 to 1l gram
of aluminum and/or magnesium, preferably from 0.2 to 0.5
gram, per gram of finished fibril-forming catalyst. The
pH is sufficient to maintain the iron compound or iron
and molybdenum compounds in solution is broadly from 0 to
3 and preferably from 6 to 1.
carbon Supports

Carbcn particiethaving a high degfée of

structure and an open pore structure with high surface

area can be used as supports for the mixed oxide

catalysts of the invention. Carbon particles having a
high porosity, i.e., a low bulk density, and a high
surface area are said to have a high degree of structure.
Carbon particles that are essentlally pure
carbon are preferred since they add the least amount of
contamination to the final fibril product. Examples of
these materials are (1) carbon blacks available from
Cabot Corp., such as the REGAL, VULCAN, MONARCH and
ELFTEX*series of carbon blacks described in Cabot
Technical Report S-134 and (2) vapor-grown carbon fibers,
such as reported by M. Endo, et al. in "The Extended

Abstracts of the 18th Biennial Conference on Carbon'",

x
Trade-mark
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Worcester, MA (American Carbon Society, University Park)
at p. 151; by G.G. Tibbits, ibid. a;fﬁ. 157, by Asahi
Chemical Ind KK 1n Japanese PatenteNe. 62-263,377
(5/6/86), by Showa Denka KK in japanese Patent No. 62—~
078,217 (9/26/85); or by Nikkiso KK in Japanese Patent
No. 61-070014 (4/10/86). These carbon fiber materials
may also include pyrolytically deposited carbon and,
optionally, may be graphitized in a further processing
step at->2500° C. Commercially available reinforcement
fibere, e.g., those made from poly(acrylonitrile) fibers,

are also candidates. Any such material should be

selected so as not to adversely affect the'properties of

the fibrils made using the material as a catalyst
support. '

More preferred are carbon particles as
described above with;high surface area, 1i1.e, >250 m?/qg,
since these are more amenable to use as catalyst '
supports, i.e, they possess:the;surface area, porosity,
pore structures and handieability necessary to prepare
catalysts for commercial operation. Examples of these
material: are the activatedeceébees and activated
charcoals, such as the WVvB,-WV-W, WV-L, or WV-G serles

materials available—fromfweetvaco or the MONARCH BLACK

PEARLS or VULCAN XC72 materials available from Cabot

——

Most preferred are carbon fibril aggregates
since they combine the high purity and high surface area

of the materials mentioned above and, additionally,

PCT/US93/04539
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present a uniquely high macro- porosity (up to 8 cc/g)
with an open pore structure, i.e; a pore structure with
essentially no micropores (diameters >2 nm). Micropores
often render the internal surface area of a carbon

5 material inaccessible to reactants because of diffusion
limitations and make the particle often subject to
plugging. Fibril aggregates with their uniqua porosity
and relative absence of miCroporeS‘do not suffer this
shortcoming. Excellent results are obtained with fibril

10 aggregates as supports for the mixed oxides of fibril-
forming metal(s) and alumihum Or magnesium.

The alumina or magnesia can be formed in situ
usingthe fibril aggregate as the sole suppgrt, or,
“aluminum or.magnesium oxidea can be added to the

15 aggregates asa we11~dispersed slurry before deposition

,‘of the active metal catalysts. The coprecipitation '
procedure described above-for.ironoxide or iron and
 mblybdaﬁum oxide and aluminumokide'may be carriegiout;in_
'the presence of the carbon particles or fibtil _

20 ’aggragates.Where an aluminum and/or magnesium_cp@pguadrf?
and the fibril-forming metal are‘coprecipitated,gn;oanﬁ_.‘-
aggregate or carboh particle support, the aqueous
solution of fibril-formingmetal and ah aluminumaaafbf
.magnesium compound contains from 0.01 to 1, ?refafaé}y‘

25 0.2 to 0.5, gram of iron, from 0.005 to 0.25,'§£Z£a£agiy
0.05 to 0.1, gram of moiybdénum and from 0.01 to i,

preferably from 0.2 to 0.5, gram of aluminum and/or

magnesium per gram of supported fibril-forming catalyst

gl gt . 4 cd Py W » w© - vy e e r avr el AW g a g A" - B /u.lA-f‘ - - - b - A . LA e m ey - e " PR ) L . famt b
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and the slurry of fipril aggregates or carbon particles
has from 0.01 to 0.9, preferably from 0.4 to 0.7, gram of
aggregate or carbon"particles per gram of supported
fibril-forming catalyst.

The aggregates are, for example, the BN, CY or
ON aggregates described above although other aggregates
are alsc useful, includingaggregates,of fishbone ("FB")

morphology characterized by a crystalline graphitic

structure and a morphology defined by a fishbone-like

arrangement‘of the graphite layers along the axlis of the

filaments. Fibril aggregates are desirable owing to

'their'high Surface area e.g., from about 250 to about

'.1000'm?/gram andlpreferab1y=greater than abcut 250

. om 2/gram, and thelr unlque macroscoplc porosity of up to

fabout 8 cc/gram,'or typlcally in excess of 1 cc/gram and

' preferab1y in excess of 5 cc/gram

It.has been found that an effective catalyst

'1.:cannot be prepared by separately coprec1p1tat1ng the

-fmlxed metal oxldes and then phy51cally mixing them with

_fibrll supports f The latter*procedure results in a

' m1xture of materlals hav1ng greatly different bulk

~ densities such that when the mixtures are filtered, the

25

solids,partially.separate'and'a'non-homogenous mixture is

obtained. | e

. v LSRN "1 et o ]
« o AT o i il

Coprecipitation-in?the presence of fibril
aggregates gives a.uniform.homogenous distribution of
active catalyst strongly attached either chemically or

physically'to the'aggregate. It is thought that the

L e -
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small particles of the metal oxides and the alumina

-

and/or magnesia deposit in the crevices and pores of the

——

intertwining carbon fibrils in the fibril aggregate and
become strongly fixed therete. The alumina or magnesia
provides for the stable deposition of the iron oxide or
iron and molybdenum oxides. Were it not present, the

iron and molybdenum particles formed by reductlon of the

 oxides would be too moblle on the graphlte surface of the

'flbrll_aggregate~at the temperatures required for fibril

growth‘and.wouldfuse.into,largeparticles and deactivate
before starting to grow carbon fibrils.

'A significant advantage of coprecipitation'in

'.,the presence of flbrll aggregates, or, to a lesser

15

'"«yleld of carbon flbrlls based on alumlna or magnes1a

'extent 1ncorporat1ng a flbrll formlng metal onto
.magne31a partlcles in flbrll aggregates, 1s that the

‘,amount of alumlna or magneSLa in the catalyst is

  51gn1f1cant1y reduced.' ThlS decrease results in a higher

-

| ‘content and decreases the amount of alumlna or magnesia

__20 

25

 1mpur1ty lncluded 1n the product While the amount of

"alumlna or magnes1a decreases, the yield per unit of

E;flbrll-formlng,metal remarns the same. The amount of

washing that is needed to remove alumina or magnesia from-

the carbon-fibril product is also reduced.

-

v - ]

o -esy Ayt -
w iy VR e .-

‘Where magnesxa 1s used catalysts can be madei-rho

by finely dlsperslng'magne51um oxlde-W1th fibril

———

aggregateS'or carbon-particles in water to form a slurry

and adding a solution of iron or iron and molybdenum

PE—————ves ey SSSERERSE S RE S T e e S " A
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salts, such as ferric nitrate and ammonium molybdate.
Where the fibril-forming metal is inoorporated onto
magnesia particles in fibril aggregates or carbon
particles, the aqueous solution7of fibril-forming metal
contains from 0.01 to 1, preferably 0.2 to 0.5, gram of
iron and from 0.005 to 0.25, preferably 0.0S'to 0.1, gram

of nolybdenum per gram.of fibril-forming catalyst and the

.slurry'Of magnesia.particles‘and fibril aggregates or

carbon particles contains from 0.01 to 1, preferably from
0.2 to O. 5, gram'of~magnesia and from 0.01 to 0.9,

preferably 0.4 to 0.7 gram of fibril aggregates or carbon

"partlcles per gram of supported flbrll formlng catalyst.

'._The homogenelty of the resultlng catalyst 1s evident upon

15

- ¢ .
4 ’ :
- 2 0
»
-
.

"ln the fllter cake."-., ' .;;%

flltratlon.j A well-dlspersed homogeneous solid catalyst
has a regular coloratlon, whlle poorly dlspersed

-catalysts, whlch undergo partlal separatlon of solid

;components on fllterlng, have black and gray strlatlons

e ad

- Flne aqueous dlsper51on of magnes1a is poss1b1e

‘because of a phy51ca1 attractlon between"the magnes1um

' ox1de/hydrox1de and the flbrll surface However,'

-'~dispersability-als0-depends on the starting materlal from

25

‘which the magnesla dlsper31on 1S*prepared If the

. o —_— —

' den31ty of the magneslum oxlde is: too hlgh or the

dlsperslblllty is too low, non-homogeneous catalysts can

result. Therefore, procedures to fully disperse or

' homogenlze the flbrll aggregates and magnesium oxide must

.be undertaken before neutrallzatlon of the iron or iron

Aa 8 e i bl & S S CT
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'°pfrom 1 to 90 welght percent prsferably from 20 to 70

23

and molybdenum oxides 1s carried out. Such methods of

dispersion or homogenization are known to the art.

Where alumina 1s used, catalysts can be made by
dispersing fibril aggregates in water and coprecipitating
the oxides of iron, aluminum and molybdenum from a
solution containing ferric nitrate, aluminum nitrate and
ammonium molybdate while maintaining the\pH at 6.0%0.5 by

concurrent addition of a solution of ammonium carbonate.

- The hOmogeneity of the catalyst is excellent as judged by

coloration.
The supported fibril-forming catalyst of the

inventionicompriSes from about'l to about 70 weight

 percent preferably from 5 to 50 welght percent and more

  preferably from 12 to 40 welght percent, of iron or 1ron

and molybdenum,.from 1 to 95 weight percent, preferably

erom 101to,85 Welght'percent'and'more preferably_from~20-

.,to'SO'weight percent'vef alumina and/or magnesia; and

:;gwelght percent and more preferably from 30 to 50 welght

20

25

: percent of carbon flbrll aggregates or carbon partlcles B

based on the total supported flbrll formlng catalyst

weight, with the prov;so;that.the total welght percent of

iron or iron and molybdenum alumina or magnesia and

‘carbon fibrii aggregates or carbon particles does not

1 it dgm Al - -

exceed 100 weight percent.
The carbon fibrils of the:invention that are
made using the more preferred supported fibrilwforming

catalysts have extremely high purity, as made - to the
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extent that they are essentially pure carbon. In these
carbon fibrils the impurity level from the fibril-forming
catalytic metal is not more than about 1.1 weight
percent, that from the alumina or eagnesia support is not
5 more than about 5 weight pe;cent and the total impurity
level is not more than about 6 weight percent. This
provides a higher purity product. The previous ievels of
impurities in making fibrils were about 1.5 weight
pergent'from the fibril-forming catalytic metal, about
10 8.5 weight percent from the alumina or magnesla support
and about 10 weight percent for total impurities. The
purity of the fibrils as made in the invention reduces
the amount of washing'needéd to prepare the fibrils for:
- sa1e and'their'cost, "The impurities from the fibrilwl
15 forming catalytic metal occur mainly as particles of
metal that)havebeen encapsulated within the carbon
fibril se that theYare net expesed,
The'inventions are fureherdescribed in
connectienwith the eXamples.' ' '
20 ;' ' - EXAMPLES I-IV descrlbe methodS‘for maklng
flbrll aggregates having blrd nest combed yarn and open
- net morphologies by methods known prlor to the invention.
EXAMPLES V-VIII are.examples of the invention

using carboxylate wash steps and they are comparative

A g

owh-n

25 with EXAMPLES I-1V, respectlvely* " —

EXAMPLE IX describes an.experiment to determine

the optimum amount of carboxylate.

Wkl A AR L T
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EXAMPLE X describes a method of coprecipitating

a catalyst and support.

EXAMPLE XI describes production of a fibril
aggregate—supported, coprecipitated catalyst.

| EXAMPLE I

This example describes the preparation of a
catalyst for making bird nest (BN) fibril aggregates.

A slurry of 800 grams of a gamma alumina
(available from Degussa as Oxide C) and 10 liters of
deionized water was made up in a multi-neck, 22 1liter
indented flask with rapid stirring. The pH of the slurry
was adjusted to 6.0,

A solution A was made by mixing 52 grams of
ammonium molybdate [ (NH,)¢ Mo,0,,° 4H,0]}, diss&lved in 500
milliliters of deionized water and 1500 grams of 41%
ferric nitrate [Fe(NO,) ;] sélﬁéion (9.5% Fe). Solution A
and a 20% by'weight ammonium carbonate solution (Solution
B) were added concurrently with rapid mixing to maintain
the pH at 6.0 * 0.5. The pH was controlled by the

relative rates of addition of Solution A and Solution B.

A silicone defoamer ANTIFOAM*289 available from Sigma
Chemical was added in 5-300 ppm to suppress foaming
during precipitation. The addition took about one hour,
after which the resulting slurry was vacuum filtered
using Number 50 Whatman. filter paper. The filter cake
was washed thoroughly twice by reslurrying in portions in
a Waring blender for two minutes at medium speed.with a

total volume of 8 liters of deionized water followed by

x*
Trade—-mark
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vacuum filtering. The conductivity of the second wash
was about 1 mMho. The filter cake was dried at 162°C 1in
a convection oven overnightl Samples were ground to -100
mesh and tested for productivity.

The productivities of the catalyst for
producing carbon fibrils was determined in a 1 inch
quartz tube reactor using the following procedure: Al
inch guartz tube was fitted with a 1/4 inch thermocouple
tube inserted through the bottom. At the tip of the
thermocouple tube a plug of quartz wool that had been
previously weighed was placed which permitted passage of
gas, but not particles of catalyst or fibrils growing on

the catalyst. The top of the quartz tube was fitted with

‘a gas line which allowed for a downflow addition of one

or more gases, and a modified ball valve which allowed
addition'of a given charge of powdered catalyst. Ohe

opehlng of the ball was closed off so that it became a
cup or"sealed cylinder. Catalyst could then be loaded

into the cup and the valve assembly sealed. The contents

‘of the cup cou1d then be added to.the-gas:Stream'without

—r

air contamination by turning the valve.
" A thermocouple was inserted upward into the
thermocouple tube to monitor the reactd:fﬁémperature.

The tube reactor was heated to 680° C in _an Argon stream

.o - -
e ARy — Ay -—

to purge the reactor after which theﬁgasmséream was

switched to a mixture of hydrogen and ethylene at a flow
rate of 400 and 200 cc/min under standard conditions. A

weighed charge of catalyst (about 0.02-.05 g) was dropped

O "
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into the downflow gas onto the gquartz plug. The reactor _
was maintained at temperature for the about 20 minutes,
after which the reactor was cooled in argon and emptied.
The weight of carbon fibrils produCed was calculated from
the total recovered weight and the knewn weights of the
quartz wool plug and the catalyst fed. The yield of
carbon fibril, or productivity, was calculated as the
weight of carbon produced per weight of catalyst or per
weight of iron in the catalyst.

The yield based on catalyst was 19.5 and the
vield based on iron content was 140.

Exmapna II
Thls example descrlbes the preparation of a

catalyst for maklng combed yarn (CY) fibril aggregates

“An aqueous slurry of a llghtly calcined, flnely

._ground hydrous alumina [Al,03°3H,0] (available from ALCOA

 ' :asH705).was*made in a 22 liter reactor from 800 grams of

20

25

the'alumina suppoff'with 10-liters of deionized water, oo

the pH was adjusted to 6.0 and after 0.5 hr vigorous

stlrrlng, the OdeeS of Fe/Mo were deposited as described . - o

in Example I, Solution. A was made from 52 grams ammonium

‘molybdate in 500 cc of deionized water and 1500 g of a

41% solutlon of ferrlc nitrate (available from Blue Grass

Chemicals). Solution B was a 20% by weight solution of

ammonium carbonate. | _ e

Drying, washing and testing of the catalyst was

carried out as previously described in Example I. The

a
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yield based on catalyst was 14.5 and the yield based on
iron content was 103. .
EXAMPLE II;-
This exanple describes;the preparation of a
5 catalyst for making combed yarnt(CY) fibril aggregates.
An aqueous-slurry of a lightly calcined, finely
ground actlvated alumina (available from ALCOA as CP2X),
was made w1th 20.0 g of the support in 300 ccC of
' delonlzed'water The pH of the slurry was adijusted to
10 6.0 and the slurry was v1gorously stirred for 0.5 hr.
Ammonium heptamolybdate, 1.35 g, was dissolved 1n 25 cc
of deionized water;--Ferric'nitrate nonahydrate, 29.9 g,
.wae dlssolved in 100 cc of delonlzed water. The two
solutlonswere then mlxed with stlrrlng to form Solution
15 A. As.in prev1ous examples,-the mixed Fe/Mo oxlides were
.dep051ted into. the support by concurrent addltlon of
 801ut;on.A.and a 20 wt% solutlon ot ammonlum carbonate at
.relative rates sufficieht'to malnta;n‘the~pHof the
” ° slurry at 6 0+0 5. " . R .
."'20, ,.' Drylng,_washlng ahd.testlnq-of the catalyst was

' carried out as descrlbed in prev1ous Examples The yield

_;based on catalyst was 13. 2 and. the yleld based on iron

- o

‘content was 94.

Drying, washing and testing of the catalyst was

25 carried out as previously described-in-Example I. The
- yield based on catalyst was 13.2 and the yield based on

iron content was 94.
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EXAMPLE 1V _
This example describes the preparation of a
catalyst for making open net (ON) fibril aggregates.

An 800 g'batch,of'finely ground magnesia

(available from Martin-Marietta) was slurried with 12.5

liters of deionized water and heated to 75°C for 2 hrs

with vigorous stirring. The heat was turned off and the

slurry allowed to cool.

58.4 grams of ammonlum molybdate [(NH4)6

Mo-,024 4H20] were dlssolved in 300 ml of deionized water

and the solution was mixed with 1824 grams of 41% Dby

'd ;weight7ferric nitrate soluticn ' This sclution'was added

15

tc the slurry w1th v1gorous stlrrlng The pPH of the'

'slurry remalned relatlvely constant at about 10.5-11.0

durlng the addltlon.  The-resultlng slurry having red-

' brown color was flltered and washed twice w1th a total of

'5;lf *«d:' 40 11ters of delcnlzed water-as 1n Example I and dried at

'3f162° C overnlght The drled catalyst was calc1ned at

P . .
. .
.
. .
4 -
| | 2 0'
.
. .
. .

gf400° C 1n a ccnvectlon cven for 4 hrs, ground and s1eved

;to -100 mesh and tested 1n the 1 1nch guartz tube reactor

'5 us1ng the,procednre,descrlbed 1n Examp1e I. The yleld

25

- based on catalyst was il,4.and the yield based on iron

was 54. ‘
Thls‘eXample descrlbes the improved performance
of catalysts for maklng blrd nest (BN) flbrll aggregates

that have been carboxylate—treated
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An agueous slurry of 800 grams of gamma alumina
(available from Degussa as Oxide C) with 10 liters of
deionized water was prepared as in Example I, after which
302 grams of 65% ammonium acetate aqueous solution (196
5 grams active ammonium acetareuavailable from HEICO
Chemicals) was added. Additionally, 3 grams of a
silicone defoamer ANTIFOAM 259 available from Sigma
Chemical was added. The S1urry was stirred vigorously
for 30 minutes, after which the method described in
10 Example I was resumed to deposit the Fe/Mo oxides.
Drying, washing and testing were done in the same way.

The acetate-to-lron mole ratio was 1. The vield based on

fcatalyst was 22.3 and the yleld based on iron content was

160 ®

15 . . EXMMPIE VI

ThlS example descrlbes the improved catalyst
“,'performance of catalysts for maklng combed yarn (CY)
flbrll'aggregates that have been oarboxylate—treated

A slurry was made wlth 800 grams of lxghtly

;20 calolned alumina support as descrlbed 1n-Example.II
' after whlch 450 grams of 65/ by welght ammonaumfacetate
was added and the procedure of Example II resumed. The

vield based on catalyst was 34.2 and thecyield based on

iron content was 244.

—_— et e
. et i W ~ iy

——

25 -  EXAMPLE VII e
This example describes the lmproved performance

of catalysts for making combed yarn (CY) fibril

. - —— a-a—l
-
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aggregates that have been obtained with catalysts that
have been carboxylate-treated.
A 20.7 g sample of the lightly calcined
activated alumina,used in Example III was slurred 1in 300
5 cc of deionized water containing 5.1 g ammonium acetate.
- The pH of the slurry'was adjusted to 6.0 and the slurry
was stirred vigorously for O.S-hr. The procedure in |
Example III was then followed using 39.2 g of 41% ferric ' |

nitrate soluticn.and'1.3 g ammonium heptamolybdate.

10. | ’ The yield based ohcatalyst was 18.2 and the
vyield based on iron was 130. ' l
 EXAMPLE VIII i
'This eXampie describes the improved performance '

- of catalysts for maklng open‘net (ON) fibril aggregates
15 that have been carboxylate-treated l
' The.procedure in Example IV was repeated, |
 _” except that the wash lquld was a 1N sclutlon of

ammonlumacetate. The rest of the procedure remained the

- same.

vield based on 1rcn was 76

; .' The comparlsons between Examples I and V, I1
and VI, III and VII and IV and VIII, respectively, are
set forth in Table 1.

25
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This example-deScribeS'protocols for

- 15 establishing the optimum amount and conditions of acetate

treatment.

' The optimum concentration for activation by

ammbnium acetate was determined by_varying the molar

ratio of acetate ion to ferric ion in the preparation

 _20 procedureformakinga ccmbed yarn (CY) aggregate and

then-méasuring the productivitiesof the resulting

. catalysts.

PrcduCtivitieS Were determinéafby;tﬁéf‘

procedured99cribed Example I.

' The productivities of the various catalysts for

-5 producing

carbon fibrils was determined in a one inch

- qguartz tube reactor using the procedure described in

Example 1.

--—
v hyr—rete

The optimum.concentration'was,determined for

the CY catalyst made from a calcined, hydrous alumina

30 support and is shown in Table 2.
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EXAMPLE X
-This*example describes the coprecipitation of
the‘mixed metal oxide catalyst with alumina in the
preparation of fibril-forming,catalysts.
Fresh sOiutions of 25 grams of ammonium

molybdate [ (NHy)g Mo7024- 4H,0], (available from GFS

"Chemicals)-in 500 ml of deionized watéer and 489 grams of

ferric nitrate nonahydrate [Fe (3!03) ,* 9H,0] (avallable from

J T Baker in reagent grade) in 0.5 liters of deionized
water were prepared and mixed with rapid stirring to give

a clear, dark red—brOwn-solution. "This was then mixed

- with 816-grams of a 60% by weight solution of aluminum

nitrate nonahydrate [Al1(NO,;); ' 9H,0] (available from

Mineral Research Development 1n technical grade). As

needed, several drops of 103 nitric acid were added until

totally clear. This solution was referred to as Solution

A.

Lol B R Fao X T8 EENE. N B WAER X 2

r - LIRS ) 2 \!.""'.3.-“\ T .
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A multineck S liter-indented flask_fitted with
a mechanical stirrer and a pH meter was used for the co-
‘precipitation of aluminum and i:dnToaides at ambient
temperature. Two liters ofdeiOﬁized water were added to
5 the flask and the pH was adjueted to 6.0. Solution A and
a 25% solution of ammonium earbonate (Solution B) were
added concurrently with rapid mixing to maintain the pH
at 6.0+0.5. The pH was controlled by the relative rates
of addition of the two streams. The addition took about
10 1 hour, after which the resulting slurry was vacuum
filtered through No. 56 Whatman filter paper. The filter
cake was washed thdroughly'twice by resiurrYing in
portions in a Waring blender for 2 minutes at medium
speed with a total of BIiterSpf deionized water
15 followed by,vaCuumfiltering. The conductivity of the
effluent after the second wash was about 1 mMho.
The filter cake was dried at 180° C overnight
in a convectlen oven. The yleld of drled catalyst was
194 grams with a calculated composztlon of 49.8% Fe203,
20' 10.5% Moo3 and 39.7% A1203 The dried catalyst.wasaé =
ground, smeved to ~100 mesh and tested in the 1 1n¢h
tubular reactor described in Example I by the standard
procedure described in that example. Two. sampleswgave

yields after 20 min. of 43.5 and 42.8 based on.catalyst.

- nymh e
---_o- ey

25 The iron content on the catalyst was 34.8% anduthe-yleld

based on iron was 124.

'Y b”i.uﬁ
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Table 3 shows the results of a series of
catalysts prepared with different Fe,03/Al,0; and Fe/Mo

weight ratios.

TABLE 3
5 _Co-Precipitated Catalysts
COMPOSITION (%)
Fe203/A1203
10

sy e e A - h g —ee dd Ayl e mde R sw o e WA Res sy w——— A i) T el ¢ — e —

' Thé,- optimum '- Fe203 /Al,04 we}ight ratio appeafed to
20 be 1in thef'range' from 1-2 with a peak near 1l1l.2. The
optimum Fe/Mo weight rétio appeared to be a plateau
ranging from 5-20. .
Electron Microscopy (STEM) showed the fibrils
produced to. be predominantly ( >99%) carbon fibril. The

25 morphology of the aggregate was bird nest.
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EXAMPLE X1

This example describes the preparation of a
fibril aggregate-supported catalyst containing the mixed
oxides of Fe,Mo and Al for maklng carbon fibril

5 aggregates of a bird nest mbrphology.

‘A slurry of 28.5 grams of carbon fibrils was
made with 500 milliliters of deionized water using a
Waring blender for 2 minutes at high speed. The slurry
‘was transferred to a multi-neck, indented 2 liter flask

10 using anothér 500 milliliters of deionized water. The

slurry concentration after transfer was about 2.8% by
weight. 'Thean.was adjusted to 6.0 and the slurry was
stirred vigorously with a mechanical stirrer for 0.5 hour
a~ ambient temperature.

15 - Ainmn_iummolybdate [ (NH,) gMO7024° 4H0] (3.9
grams)was fully dlssolved in 50 milliliter of deionized
'water and mlxed with 75 8 grams of a 40. 0% by wexght
'.solution of ferric nltrate (avallable from Blue Grass

 chemical ) (Fe content 9. 25% by'welght ) This

’20 'solutlon was then added to 122 5 grams of 60% (by'wexght)

alumlnumnitrate'nonahydrate.(avallable fromlulneralRes._—
Devel.) to form.Solution.A.‘As needed, a few drops of
10% nitric acid were added to clarify the solutioﬂf*'
completely ' *;

25 - Solution A and a 20% by welight solutldn-bf “f

ammonium carbonate (Solutlon B) in delonlzedwater'were

added concurrently to the slurry with vigorous stirring.

SUBSTITUTE SHEET
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The pH of the slurry was maintained at 6.0t0.5 by
controlling the addition of the two streans.

The solids were then vacuum filtered using No.
50 Whatman filter paper and the recovered cake was washed
twice by reslurrying with 1 liter of deiﬁnized water 1n a
Waring blender and refiltering. The filter cake was
dried at 180° C'overnight. Yield of dry catalyst was
49.2 grams with a calculated composition of 58.0% carbon,
20.4% Fe,05, 6.5% MoO3; and 15.1% Al,0,. A sample of the
dry catalyst was ground and sieved to =100 mesh and
tested in the 1 inch tube reactor described in Example I.
The fibril yield was 21.0 based on catalyst and 148 based
on‘Fe.' *

The results for this catalyst are given in

Table 4, as follows:

" coosmou\: (%)
---
II-

Wmgre wr e “mv——-—*‘——*ﬁ-ﬁu—*—%#—*—'—-ﬁ-—w --U-v-o -w—-—- Wﬁw*mmwmﬁ

As bird nest carbon fibril aggregate.

Electron microscopy indicated that fibrils
grown in all cases were predominantly bird nest (BN)
fibril aggregates. Newly grown carbon fibril aggregate
could not be distingUished from those that were catalyst

supports.
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THE EMBODIMENTS OF THE INVENTION IN WHICH AN EXCLUSIVE

PROPERTY OR PRIVILEGE IS CLAIMED ARE DEFINED AS FOLLOWS:

1. A method for the manufacture of a metal-containing
carbon-fibril-forming catalyst comprising incorporating an
effective amount of a carboxylate into a metal-containing
carbon-fibril-forming catalyst to enhance the amount of
carbon fibrils produced per weight catalyst used in a gas
synthesis fibril-forming process compared with the amount of
fibrils which would have been produced by said gas synthesis
fibril-forming process per weight of said catalyst made
without said incorporation of said carboxylate, wherein said
metal-containing carbon-fibril-forming catalyst comprises at
least one carbon-fibril-forming catalyst metal derived from a
metal-containing compound, said metal-containing compound
being different from the carboxylate and also being different
from a compound from which the carboxylate is derived, said
carbon-fibril-forming catalyst metal being selected from the

group consisting of Group V, Group VII and the lanthanides.

2. A method for the manufacture of a metal-containing
carbon-fibril-forming catalyst comprising contacting a metal-
containing carbon-fibril-forming catalyst with an effective

amount of a carboxylate to enhance the amount of carbon-
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fibrils produced per weight catalyst used in a gas synthesis
process compared with the amount of fibrils which would have
been produced by saild gas synthesis process per weight of
sald catalyst made without said contacting with said
carboxylate, wherein said metal-containing carbon-fibril-
forming catalyst comprises at least one carbon-fibril-forming
catalyst metal derived from a metal-containing compound, said
metal-contalining compound being different from the
carboxylate and also being different from a compound from
which the carboxylate is derived, said carbon-fibril-forming
catalyst metal being selected from the group consisting of

Group V, Group VII and the lanthanides.

3. A method as recited in claim 1 or 2, wherein the
carbon-fibril-forming catalyst metal is supported on a
catalyst support and the catalyst support is treated with the

carboxylate before the catalyst metal is supported thereupon.

4 . A method as recited in any one of claims 1, 2, or
3, whereln saild catalyst is a supported metal-containing
carbon-fibril-forming catalyst formed in the presence of the

carboxylate.
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5. A method as recited in claim 1, wherein the carbon-
fibril-forming catalyst metal and a catalyst support are
coprecipitated in the presence of the carboxylate to form a

supported metal-containing carbon-fibril-forming catalyst.

6. A method as recited in claim 5, wherein the
supported metal-containing carbon-fibril-forming catalyst is
treated with the carboxylate after the carbon-fibril-forming

catalyst metal i1s deposited upon said catalyst support.

7. A method as recited in any one of claims 1 to 6,
wherein the carboxylate comprises an anion of a water soluble

carboxylic acid.

8 . A method as recited in claim 7, wherein the
carboxylic acid is a substituted or unsubstituted mono-, di-,

tri- or polycarboxylic acid.

9. A method as recited in claim 7, wherein the
carboxylic acid comprises a lower carboxylic acid of from 1

to 4 carbon atoms.

10. A method as recited in claim 7, wherein the

carboxylic acid is selected from any one of formic, acetic,
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propionic, butyric, oxalic, citric, malonic, glutaric,

succilinic and tartaric acid.

11. A method as recited i1n claim 7, wherein the
carboxylic acid is formic acid, acetic acid or a mixture of

both.

12. A method as recited in any one of claims 1 to 7,
wherein the carboxylate is selected from a carboxylic acid or
the sodium, potassium, ammonium or substituted quaternary

ammonium salts of a carboxylic acid.

13. A method for the manufacture of a metal-containing
carbon-fibril-forming catalyst comprising precipitating an
effective amount of a catalyst compound of a carbon-fibril-
forming catalyst metal from an aqueous solution onto a slurry
of support particles in the presence of an effective amount
of a carboxylate to enhance the amount of carbon fibrils
produced per welght catalyst used in a gas synthesis process
compared with the amount of fibrils which would have been
produced 1n sald gas synthesis process per weight of said
catalyst made without said precipitating in the presence of
sald carboxylate, wherein said metal-containing carbon-

fibril-forming catalyst compound comprises at least one metal
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derived from a metal-containing compound, said metal-
containing compound being different from the carboxylate, and
also being different from a compound from which the

carboxylate 1is derived.

14 . A method for the manufacture of a metal-containing
carbon-fibril-forming catalyst comprising the steps of:

(a) forming an aqueous solution of an iron compound or
iron and molybdenum compounds;

(b) forming a slurry of catalyst support particles
comprising alumina or magnesia particles or both;

(c) mixing the solution with said slurry and
precipitating the iron compound or iron and molybdenum
compounds onto saild alumina or magnesia particles or both in
the presence of an effective amount of a carboxylate to
enhance the amount of carbon fibrils produced per weight
catalyst used 1n a gas synthesis process compared with the
amount of fibrils which would have been produced by said gas
synthesis process per weight of said catalyst made without
said precipitating with said carboxylate, to form an
impregnated support material; and

(d) separating the impregnated support material from
sald slurry and processing the material to produce a

supported metal-containing carbon-fibril-forming catalyst,
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wherein said solution, said slurry or both said solution and
sald slurry further comprise said carboxylate in addition to

said iron compound or iron and molybdenum compounds or said

alumina or magnesia particles or both.

15. A method as recited in claim 14, wherein the
impregnated support material is washed with a solution of a

carboxylate prior to processing said material to produce said

fibril-forming catalyst.

16. A method as recited in claim 14, wherein said
carboxylate 1s introduced into the slurry of catalyst support
particles prior to introduction of the solution containing

sald 1ron compound or said iron and molybdenum compounds.

17. A method as recited in claim 14, wherein the
carboxylate comprises an anion of a carboxylic acid and the
solution from which the iron compound or the iron and
molybdenum compounds are precipitated onto said alumina or
magnesia particles or both contains from about 0.04 to about

4 grams of the anion per gram of said supported fibril-

forming catalyst.
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18. A method as recited in claim 14, wherein said

carboxylate 1s derived from formic acid or acetic acid.

19. A method as recited in claim 14, wherein the
carboxylate comprises an anion of a carboxylic acid and the
weight ratio of anion to iron or iron and molybdenum in the
solution from which the iron compound or iron and molybdenum

compounds 1s precipitated is in the range of 0.007 to 14.

20. A method as recited in claim 14, wherein the

carboxylate 1s acetic acid, the aqueous solution includes an
iron compound and the weight ratio of acetate to iron in the
solution from which the iron compound is precipitated is in

the range of 0.1 to 5.

21. A metal-containing carbon-fibril-forming catalyst
produced by a method comprising the step of incorporating an
effective amount of a carboxylate into a carbon-fibril-
forming catalyst containing a metal to enhance the amount of
carbon fibrils produced per weight catalyst used in a gas
synthesis process compared with the amount of fibrils which
would have been produced in said gas synthesis process per
welght of said catalyst made without said incorporation of

salid carboxylate, wherein said metal is derived from a metal-
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containing compound which is different from said carboxylate,
and which 1s also different from a compound from which the
carboxylate 1s derived said carbon-fibril-forming catalyst
metal being selected from the group consisting of Group V,

Group VII and the lanthanides.

22. A method for the manufacture of carbon-fibrils
comprising passing a suitable fibril-forming feed stock under
temperature and pressure conditions suitable for formation of
fibrils over a catalyst produced by the method of
incorporating an effective yield enhancing amount of a

carboxylate into a fibril-forming catalyst.

23 . A carbon-fibril material made by the steps of
passing a suitable fibril-forming feed stock under
temperature and pressure conditions suitable for formation of
fibrils over a catalyst produced by the method of
incorporating an effective yield enhancing amount of a

carboxylate i1nto a fibril-forming catalyst.

24 . A method as recited in claim 1, wherein said
carboxylate comprises an anion of a water soluble carboxylic

acid selected from the group consisting of formic, acetic,
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propionic, butyric, citric, malonic, glutaric, succinic and

tartaric acid.

25. A method as recited in claim 2, wherein said
carboxylate comprises an anion of a water soluble carboxylic
acid selected from the group consisting of formic, acetic,

propionic, butyric, citric, malonic, glutaric, succinic and

tartaric acid.

26 . A method as recited in claim 13, wherein said
carboxylate comprises an anion of a water soluble carboxylic
aclid selected from the group consisting of formic, acetic,
propionic, butyric, citric, malonic, glutaric, succinic and

tartaric acid.

27. A method as recited in claim 14, wherein said
carboxylate comprises an anion of a water soluble carboxylic
acld selected from the group consisting of formic, acetic,
propionic, butyric, citric, malonic, glutaric, succinic and

tartaric acid.

28. A catalyst as recited in claim 21, wherein said
carboxylate comprises an anion of a water soluble carboxylic

acid selected from the group consisting of formic, acetic,
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propionic, butyric, citric, malonic, glutaric, succinic and

tartaric acid.

29. The method of claim 1, wherein said carboxylate 1is
an anion of a water soluble carboxylic acid having 1-3 carbon

atoms.

30. The method of claim 1, wherein said carboxylate is
an anion of a water soluble carboxylic acid having 1-2 carbon

atoms.

31. The method of claim 2, wherein said carboxylate is
an anion of a water soluble carboxylic acid having 1-3 carbon

atoms.

32. The carbon-fibril-forming catalyst of claim 26,
wherein said carboxylate is an anion of a water soluble
carboxylic acid having 1-3 carbon atoms.
SMART & BIGGAR
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