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60/ 055, 227, filed on August 8, 1997 and United States Provisional

Application

No. 60/065,571, filed Novenber 14, 1997. Thi s

I nvention relates to the production of conposite structures, and

nore particularly, to the ,:production of porous products conprised of a
fibrous network of material. -

United States Patent Nos.

5, 304, 330; 5, 080, 962; 5,102, 745; and 5, 096,663 are directed to the

prioducti on of

porous conposites conprised of a fibrous network of

material. In accordance with such production, there is a provi ded a
m xture conprised of fibers for formng the porous conposite and a
structure form ng agent which functions as a binder (in particular, a

cel l ul osic

PRODUCTION OF COMPOSITE POROUS FIBRE STRUCTURES

This application claims the priority of United
States Provisional Application No. 60/055,227, filed on
August 8, 1997 and United States Provisional Application
No. 60/065,571, filed November 14, 1997.

This invention relates to the production of
composite structures, and more particularly, to the
production of porous products comprised of a fibrous
network of material.

United States Patént Nos. 5,304,330; 5,080,962;
5,102,745; and 5,096,663 are directed to the production of
porous composites comprised of a fibrous network of
material. In accordance with such production, there is a
provided a mixture comprised of fibers for forming the
porous composite and a structure forming agent which
functions as a binder (in particular, a cellulosic
material), which are dispersed in an appropriate liquid.
After preforming into a desired form, liquid is removed
and the composite is heated to a temperature to effect
sintering of the fibers at junction points to produce a
porous composite comprised of a three-dimensional network
of fibers. The structure forming agent, in particular, a
cellulosic material, is removed during the sintering
process or may be removed after the sintering process.
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The gasification of binder may be accomplished in a
wide variety of atmospheres and with or without a
catalyst, and with a series of different pretreatment
steps, if desired. Thus, the gasification may be effected
in an inert atmosphere in the presence or absence of steam
with or without catalyst; or in the presence of oxygen or
oxygen in an essentially inert gas with or without the
presence of a catalyst, or in the presence of hydrogen
with or without a catalyst or in the presence of a
combination of hydrogen and steam with or without catalyst
or in the presence of oxygen and steam with and without
catalyst in any number or sequence of pretreatment steps.

In the case where gasification below sintering
temperatures does not remove essentially all of the
binder, the remainder of the binder may be gasified at the
sintering temperature. The <choice of sintering
temperature or temperatures depends on the metal or alloy
used, metal fiber diameter, sintering time, and the
desired physical properties in the final metal fiber mat
structure, or that of the composite structure, or that of
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: | ati | | adi. t.heni. hodi - ni
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be part of the @a@gﬁ.&s@r dBY D€ onedddetndfe t B RLEf HdMlowing catdlydthe
case where steam_.l s .Used, steam rr% be added or the steac cee_aLn be

generated in si BFCAGHR.f PIL ruthenium, rhodium, ni etc.
These and other catalysts should be apparent to those

skilled in the art from the teachings herein. The
catalyst, if used, my be part of the binder or may be
added to the preform. ' _

In the case where steam is used, steam may be added
or the steam can be generated in situ from, for example,
residual - water present in the composite or by "wetting”
the composite. In general, the steam is added in an
amount of from 0.05 to 97 volume percent

~ The gasification may be effected at a temperature of
less than 400°C and more generally at a temperature less
than 350°C.

In another embodiment, the binder can be gasified by
the genération of free radicals such as the use of plasma
to generate such radicals.

In the case where the preform includes a metal which
can be oxidized and the oxidation is not easily reversed,
the gasification is preferably accomplished in a reducing
atmosphere.

As hereinabove indicated, the preferred binder or
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be used in thedIEr act | ce %f th| S | nvent hagh as exer‘g)ltlgllu%l tungsten,

rhen:.um, osmium, platinum, gold, antimony, beryllium,
iridium, silicon, magnesium, manganese, gallium, and
combinations of the above. Metal alloys also may be used
in the practice of this invention, as exemplified by

constantin, hastelloy, nichrome, inconel, monel,
carpenter's netal, and various steels, especially
stainless steels, and other alloys. As can Dbe

appreciated, there is enormous flexibility in the choice
of metal fibers which adds to the attractiveness of our
invention.

The diameter of the fibers may vary over a wide
range. Thus, for ekample, the fiber diameter may be as
low as about 0.5 micron or may be up to 25 microns or
more. The selection of a specific diameter is within the
scope of those skilled in the art from the teachings
herein.

In producing the composite, the dispersion which
includes the fibers and the structure forming agent may
further include particles which are to be entrapped in the
interstices of the mesh-like structure of the composite.
In a preferred embodiment, such particles may be a
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V\IIthItSf|UIdIty Iquid IS |later_renove IS C arthat
it shoul d be liquid is ater removed it is clear that it should be
readily removable, as by volatilization. Water is

normally a quite suitable liquid, although water-alcohol
mixtures, and especially water-glycol mixtures, may be
used. Illustrative examples of other liquids include
methanol, ethanol, propanol, ethylene glycol, propylene
glycol, butylene glycol, ’"poly(ethylene glycol) (s},
poly (propylene glycol) (s), and so forth. Other organic
liquids also may be used, but normally without any
advantages. The liquid medium also may contain salts
where these are desirable, and the greater solubility of
salts in water relative to organic media also make the use
of water highly advantageous. While some mixtures of the
above-noted liquids are used to adjust the viscosity of
the dispersion so that filtering or settling onto a screen
or filter provides a certain degree of uniformity within
the "wet" preform regardless of the densities and drag
forces acting on the various particulates, still other
additives including surfactants and dispersing agenﬁs can
be used to assist in the mixing process and also to
preferentially associate at least two of the solids with
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The structure forming agent is present in the
preform at a range from about 2 to about 90 weight
percent. That minimum amount of structure forming agent
is that which is necessary to give a stable preform, that
is, one which can be handled, shaped, and so forth, which
amount depends upon fiber 1loading, fiber size, and so
forth. The amount of structure forming agent present in
the preform will influence the void volume of the final
composite, with a higher structure forming agent content
affording a higher wvoid volume, hence the structure
forming agent can be used as one independent variable to
control this property. Where two metal fibers are used
with different fiber sizes, the amount of the smaller
sized fiber also may be used to vary void volume and pore
size. A range from about 25 to about 60 weight percent of
cellulose in the preform is typical.

After the dispersion of fibers, optional components,
and structure forming agent in a liquid is attained, the
solids are collected as a mat. Excess liquid may be
removed, such as by pressing, and the resulting solid
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sintered at the j unction goi nt by heating the conposite to_a tenperature
temperatures are at  least 00°C and generally do not

exceed 1200°C.

In some cases, after sintering, the composite may be
heated with oxygen at elevated temperatures to remove any
carbon or coke formed during the gasification.

The composites produced in accordance with the
present invention have a wide variety of applications.
One such application involves the use of such composites
as a catalyst structure, with catalysts either being
coated onto the fibers, or being entrained and retained in
the interstices of the mesh-like structure.

In employing of such composite as a catalyst
structure, the void volume of the composite having
catalyst particles retained in the interstices thereof, or
coated onto the fiber, should be at least 45%, and is
preferably at least 55% and is more preferably at least
65%. In general, the void volume does not exceed 99% and,
in some cases, does not exceed 90 or 95%. The term "void
volume" as used herein is determined by dividing the
volume of the mesh layer which is open (free of catalyst
particles and material forming the mesh) by the total
volume of the mesh layer (openings, mesh material and
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herein is deter néxasply, dyiddiTvg46de85. vol ume of the nesh |layer which is

open (free of catalyst, , dfe Wb dRd el EQERT Nhta§ s séyrikytdde
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t ot al vol ume of the neslt |ayer (openings, nmesh material and WO
99/ 15292 is employed in a fixed bed reacke¥,|sgg/ 16491
8 particles) and preé tppésemy hyvédion will bé nfuhehensdesdmeiled with

particles are entrained in ' ti t h t VERIRAE of
particle size i sreSp%%%e{;%\I f:gg_ngoé'?‘ggﬁé te%gflnpg% ’m%(?fw(%?s%rén |eg pr ef er abl y
no great er thahe2Diventiamsis ant it heeflldmisedefbstPh¥Ents is no
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Materials. Nickel and stainless steel fibers
(Memtec) were used as received.

Preform Fabrication. The paper preforms were

prepared according to TAPPI Standard 205 using Noram
equipment. Normally, the metal fibers and cellulose
fibers were combined simultaneously and mixed at 50 Hz for
5 minutes in approximately 10 1liters of water. This
dispersed mixture was collected on a 1000 e’ square sheet
mold as a wet composite preform. The wet preforms were
dried overnight in air at 60°C.
Pre-Removal of Cellulose from Composite Preforms.

The dried preforms were normally cut into ca 200 cm®
squares (14 cm x 14 cm) and assembled into stacks composed
of six to ten individual preform squares each separated by
similar size screens made of a heat resistant stainless
steel. When the effect of a mnickel catalyst was
investigated, samples were each wetted with ca 7 mL of a
0.025 wt%¥ Ni (from nickel nitrate) in water solution

before stacking. The samples were then placed in a high
temperature oven (Grieve) of approximately 3 ft® total



| east ,20 m crons, and in nost cases, is greater than 50 m crons. Average
particl e si 2‘!101%/9'513% det ermi ned, for exanpl e, by ASTM4464- FCT/USIB/16491

In a preferred enbodi ment, such catal yst %tructure is enployed in a- -
fi xed bed reactor. The present invention will be further described
with respecvolamebe foThew oglbxkoge epraraemmial t vascgesrformed tibe

nvent i on i s nol Lo e LEALLEHSEIET EYica1y wich U 00h koS soon
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St andard 205 usi ng Noram equi pnent . m?p_al;lly, the netal fibers and
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5 mnutes in approxi mately .10 Ilters of “wat er. dr spersed m xture

was col |l ected or12a010@0qfn[ér rgm squakelsrﬂé!ehers andl dsa@; g wef meidoliase

pref orm The &? RS e0 n eal 6

Pre- Renoval of u' grfrom ée gmgg gr ef \élr?é&ﬁﬁed ﬁibg“ ed qie or%s
were nornmal |y ciheset &WW‘:@{V@(@ agitafggarais §A4HenfRr18 é‘}ﬁnué‘ﬁ& in
aSSﬁnbl ed Intg EIOaCKS.téQEDFSQd wate®l X pre &eandaw dwet Pbed£ms qIar es
each separate sim size eens, ma at st ant

st ai nl ess &t 1ing,\, ORLO 2 %ﬁ&é CMof S m’(‘fﬁ & cate)g#'i/%rf dReing

I nvesti gat ed, sa:vplrmgm:r e tdeec lpwes Gk vwezfe cxauﬂ mtof paeces ang2sint 200

(Tromni cke Nl gl §§uﬁ9eﬁ%§£e59£é'&ké’& togetiflL" g MRS

wer e then pl ace I n i at ure oven Gl eve 0 apprOX| mat el y

3 ft3 total dry welght of the six preforms was 22.06 g.
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I n vari ous atm)sgheres tg/pl cally with a gas flowrate of 5-50

liters/mn (STP3OR Cafost 45 grieakss with atHesfheveocfn@0 SLPM (standard
"liters per minute). The preforms were then removed from

the oven and quickly weighed. The total final weight of
the preforms was 15.70 g, a net loss of 6.36 g. Based on
an initial cellulose weight content of 40%, the initial
weight of cellulose in the preforms was 8.824 g.
Therefore, 72.1% of the initial cellulose was removed from
the preforms.
Example 2

Several composite preforms were each prepared with
12.0 g of 4 um nickel fibers and 8.0 g of cellulose
according to the procedure mentioned above. Briefly,
these components were agitated at 50 Hz for 5 minutes in
10 liters of water and prepared as wet preforms by
settling onto a 1000 om? sheet mold. After drying
overnight, the preforms were cut into pieces and six 200
cm® squares were wetted with 7 mL each of 0.025 wt% Ni
(from nickel nitrate) in water solution. The total
initial dry weight of the six preforms was 23.31 g. These
preforms were then stacked as described above. These
preforms were then placed (still wetted) into the Grieve

oven at 400°C for 20 minutes with a N, flow of 20 SLPM
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t enper.at ures between 250[err]C and 500[err] C
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(standard liters per mnute) sparged through 500 nL of water. The
pref or ms- we™me0 9915292 enoved from t he oven and qui ckl y wei gh®dT/USy$&648bt al
final weight of the preforns was 14.2Bl g, a net |oss of 9.06 g. Based-.
on an initial cel lul ose wei ght content of 40% the initial weight of
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was renoved fromthe prefo r S % |
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possi bl e in |ighkigegt ;t he above teachings and, therefore, within the

scope of the appended cl ai g%ﬁfb’l 5hgt| ﬁ‘é&%ﬁ: 8}3%5 Z*E%e‘”&?dc“t%dfeméb%ﬂn%e

t han as particul arly RS
PCT/ US98/ 16491 agent at a temperature below]the temmsFatgrel AtvEdich the 1.

A process for prQgesisdGre ggg@ggear ogHgt conpri sing a networ kt of Lr bers
conpri si ng: pr.oduci m conpri sr L an unsi nter.e
network of fibers and a gdSiticH t}l“g sttl'feu %ﬁ?%rsf ofhi eash it ] porticn of

gasi fying at | easteir0%umictiibn pbincsure form ng agent at a tenperature
bel ow the tenperature at which the fibers are sintered; and
sintering the fibers at at |east a portion of - their junction points.

2. The process- of Th&l aipHOCESS wier eiGlaifthe 1.st Mhangin the orshmrayent
is a cellulosic g@irplagent is a cellulosic material.

3. The process of Claim 1, wherein the gasification is
effected in the presence of a catalyst.

4. The process of Claim 1, wherein the gasification is
effected in the presence of steam.

5. The process of Claim 2 wherein the fibers are metal
fibers.
6. The process of Claim 1 wherein the gasifying is

effected in the presence of oxygen.

7. The process of Claim 1 wherein the gasifying is
effected in the presence of hydrogen.

8. The process of Claim 1 wherein the gasifying is
effected in the presence of oxygen and steam.

S. The process of Claim 1 wherein the gasifying is
effected in the presence of hydrogen and steam.

10. The process of Claim 1 wherein the gasifying is
effected at a temperature of less than 400°C.
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3. The process of aim1l, wherein the gasification is effected in the
presence OfygRnfddedl yst . 4. The process of Caim1, wRGT&HISAHEL
gasification is effected in the pre®ence of steam 5. The. "L
process of Claim2 wherein the fibers are netal fibers. 6. The
process of Claim1 wherein the gasifying is effected in the presence of

: 7. _Th f Caiml wherejn_th i.fyi '
offocted in the bleschbs BEORGAPoGEn.Clain 1 guhexeys fE  deast /Y 4%, fhe
wherein the gasi byirngtuse formidecigeht nid mgifisehed af tempgeatand bebawn
9. The process of G ainfiltaPREL eLf vSﬁEFcl YKk ds® are F‘?L&E‘é‘ileﬁd in the

presence of hydrogen and steam € process o aim1l wherein
the gasifying is effected at a tenperature of less than 400[err]C

\{\123 99/ 1529211 T%z. The profce(sjs of 1CZbaqim 1 wheElgIﬁUtSQg/lol;_@%Q:f 1t9h0% of the
. rocess._o ai m erein af, | ea 0 0 e
structure form n&gﬁggﬁPrstﬁﬂ:f‘rﬁ’ PRt 25 &ﬁﬁa"raéﬁelﬁfé&oél %\ﬁmperatufﬁebelow

tenperature at whhehtempefabere aft ewlsich etlesl. fibers are sintered.

13. The process of Claim 1 wherein the structure forming
agent is a cellulosic material and the fibers are metal
fibers.

14. The process of Claim 13 wherein the preform has
particles retained in the interstices of the fiber
network, said particles comprising a member selected from
the group consisting of a particulate catalyst support, a
particulate unsupported catalyst and a particulate
unsupported catalyst precursor.

15. The process of Claim 14 wherein said member is a
_catalyst support and said catalyst support supports a
catalyst or catalyst precursor.

16. The process of Claim 1 wherein the fibers are at
least one member selected from the group consisting of
metal fibers, ceramic fibers and carbon fibergs.
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