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SUPPORTING CATALYTIC PARTICLES \/

fixed catalyst bed comprised of at least one layer of a mesh having

catalyst particles and/or catalyst fibers retained in the interstices of the mesh, wherein the catalyst particles have an average particle size
of no greater than 200 microns and the fibers have a diameter of no greater than 500 microns and wherein the wire mesh layer has a void
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entrai ned o bdigrs6eacti on streamare characteri zed by the us®PQIUSIBNEIISt S
of small-particle size wherein the catal yst

In general, catalytic reactors in which a catalyst is

in the reaction stream Fixed-bed catalytic reactors are generally -
characterized as having a large particle size and a relatively high
catal yst loading (lowvoid vol une). I n Docunent US-A-3 713 281
there is disclosed a gas contacting packing that includes a woven wire

framework to which are adhered inorgani c heat exchange or

particles. The particles may have a size of fromabout 10 nesh U S.
Standard Sieve to about 3 mm C970760

- | a-
containing a

I n Docunment DE-A-39 28 709 there is disclosed a "plate" for

catal yst wherein catalyst particles are contained in a

scaffolding of netal wires and fibers.

REACTOR INCLUDING A MESH STRUCTURE FOR SUPPORTING CATALYTIC PARTICLES

This application claims the priority of United
States Provisional Application No. 60/055,227 filed on
August 8, 1997. '

This invention relates to a reactor and more

| particularly to a catalytic reactor for performing a

chemical reaction. The invention further relates to a
catalyst structure for use. in a catalyst reactor and the
use thereof.

A wide variety of catalytic reactors are known in
the art. Such catalytic reactors include reactors in
which the catalyst is maintained as a fixed bed (the
catalyst is not entrained in the reactants) and catalytic
reactors in which the catalyst is entrained in the
reaction stream, such as a slurry reactor or a fluidized
bed reactor. In general, catalytic reactors in which a
catalyst is entrained in the reaction stream are
characterized by the use of catalysts of small-particle
size wherein the catalyst is maintained in a low-density
in the reaction stream. Fixed bed catalytic reactors are
génerally characterized as having a large particle size
and a relatively high catalyst loading (low-void volume).

The present invention is directed to an improved
catalytic reactor and to chemical processes effected in

such reactor as well as catalyst structures for such
reactor.
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The present invention is directed to an inproved catalytic reactor and to
chem cal PR S597867 effected in such reactor as well as cat al petusdd/iesssir es

For SQCh rea'Ct'or'Mo:.'-e particularly, the present invention is directed
to an apparatus and a chemical process which eﬁploys such
an apparatus wherein there is provided at least one fixed
catalyst bed in the reactor. The fixed bed in the reactor
contains one or more layers of catalyst structure in the
form of a supporting mesh which has catalyst particles or
fibers retained in the interstices of the supporting mesh,
with the catalyst particles having an average particle
size of no greater than 200 microns. When catalyst fibers
are employed, such fibers generally have a diameter of no
greater than 500 microns. The fibers generally have a
diameter of at least 2 nanometers and more dgenerally at
least 1 micron. The fiber diameter is generally at least
10 nanometers. The supporting mesh which contains the
catalyst particles has a void volume of at least 45%. The
catalyst particles may have multiple catélyst functions on
each particle or £iber, or' different functions can be
present on separate particles or fibers. The catalyst
fibers or particles are preferably porous. The mesh
material that has catalyst particles or fibers retained in
the interstices thereof may or may not be coated with a
catalyst. . g

Applicant has found that by retaining catalyst
particles or fibers in the interstices of a mesh, it is
possible to provide a fixed catalyst bed reactor in which,
contrary to prior art fixed bed reactors, the catalyst has
effectively a small particle size, and is used in a low-
catalyst density, i.e., there is a high-wvoid volume. In
addition, the reactor may be operated with a low pressure
drop. The particles or fibers which are entrained in the
supporting mesh may be a catalyst or may be a support that
is impregnated with a catalyst or is coated with a thin
film of catalytically active material of from 0.1 to 50
micron size where the particles or fibers that function as
a support may be essentially inert.

As hereinabove noted, the average particle size of
the catalyst employed in the reactor is no greater than
300 microns, and is preferably no greater than 200
microns, and in preferred embodiments is no greater than
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C970760 More particularly, the present invention is directed to
an appar at wo eaM¥467 cheni cal process which enpl oys such an apperaisesyissher €i n

there is prow st € qhl cat-al ' C e_ti xed
bed in thg r'\eﬁ'a%tfg'rlf%%éllt@%i' nsggngggtrée%r'ett?‘gye%vs o%écgiéﬁséfé;‘.t%%%?ugg ?frll: t he

formof a supRet g ReSHORAr cROKSs SEREARYIY  p ATt i18asE ch0 fRberenfet alfed
in the intersig cpgebbrhbeys HPoLEéase S midkdlst Badcaiml wektParddss egs

havi I ' . Of t t han 200 crons. \Wen
catalyst 1 bEREARSE chBFBy &P BiGRORRbor AYRRERS BATRAFL S B14ReMAY oPeno

great er than ddfermineds.for Tereample;y bycaeT™M 4464e8%. a di aneter of at

| east 2 nanoneter sagnd]iggégngsggéal %t%%ihl eatclrie 1 {rrl;)%gonv ‘m\%rgi be)gcoﬁ%;gmet er

is generally at |east nanonet ers. e suppor nmes |.ch° Fns
the catal yst pRITHIRG haseghyoilayes ukavingt catslyss% PRI Iekes ysor
particles miediung il £iihfs CALeAYALA" YACEHANS R ARG AA S EOPT 1 L1 BET
or different _functions can be, present on _separate particles or ftIbers.

The catal yst 1835 s48F p#Rd ci8s Paedegabilyr At y16865uh5%, IR rgshmore
nmaterial thatphereradla) it Nt @535, OrTd | Reisrd Bl dWEedvdid volume does

not exceed 95%, and preferably does not exceed 20%. The
term "void volume" with respect to the mesh as used herein
is determined by dividing the volume of the mesh layer
which is open (e.g., free of catalyst particles and
material forming the mesh) by the total volume of the mesh
layer (openings and mesh material and particles) and
multiplying by 100. The volume percentage of the catalyst

- based only on catalyst and material forming the mesh may
be as high as 95% and is generally at least 55%. The
volume percentage of the catalyst may be higher than 95%
and up to about 99%, based only on catalyst and material
forming the structure.

The catalyst particles or fibers are retained in the
interstices .of the mesh, and as a result, the catalyst
particles do not become entrained in the reactants which
flow through the mesh. It is to be understood, however,
that the catalyst particles. may have some freedom of
movement within the interstices of the mesh; however, such
particles or fibers are retained in the mesh and are not
entrained in the reaction stream. Thus, the particles
~within the mesh have some freedom of movement within the
mesh but do not become entrained in the reaction stream.

. In accordance with another aspect, the mesh
- structure may be formed from fibers which are a catalyst,
with such fibers having a diameter of no greater than 30
~microns, with the mesh layer having a void wvolume as
hereinabove described. Such mesh may or may not have

entrained catalyst particles or fibers retained in the
interstices of the mesh.



the interstices thereof may or may not be coated with a catal yst.

Applicant basodigyed that by retaining catal yst particles or pechessisiesss he
interstices of -a ngsh, _it_[s.p l.hl.e _t r-oVvl [ I be
reactor i-n which, %tFS?ﬁkﬁr-%%%g?hgft%Fffg%é%gdg?%aégg?§§%?h§§%%ta y%t
has effectivesych catalyphrbed|mayibe ferned sExgredns Qr Inere clayeystof
density, i.e. NS L O &O1 A UES 4 At Pt ibEs rEReL 6 £ My
be operated thﬁmgi oj\'/vﬁ%?%i%%ir%y%r%%#ﬁ%rhe pa:'FI![1 in%lj?éelgi%r fi bers v{i ch are
entrained i n the Boppoases nekhe nagtadvatchesd y5¢ GPMREYSEE L%SUPpbrt -t hat
is inpregnat ethyétd dEatldrSt isH Shaedhgd vathlgsthi pethalinedf in  the
catal ytically, acti ve, mat er.i al q% from0.1 to 50 mcron size where the
particles or FrHRFSti®es® ¥RRE®Pbn as a support may be essentially inert.

As herei nabove notEhe thestverhgeipart icatalyste gpatticcbesal yst efipbeysd in

than 200 m crineti gl s CrAER-LEBRRT ciplbde, TAE ETRARRT A"

than 200 microns,;"and i'n preferre nme S 'nogreater, A

- 2- 10cheri preasnt| inyensian, mey dver Eormedr £pEPe a5 Wide sVarietyst 2
mcrons, nore;geRghally.add, | eAdkefBrEl CHRAS bANGrigi oYl €48blay packeagt 20
microns and in_nost cases I's greater than 50 m crons. vera eﬁgt-l cge
size may be dRlePeRReEOTT & tdc (Xeaetn 446308, for e ei h3Bove

noted, the voh&sNOheiye bef fdl¥ricated into corrugated packing elements,
wherein each corrugated packing element which forms the
fixed catalyst bed is formed of a mesh having catalysts
retained in the interstices thereof, which catalyst has a
particle or fiber size as hereinabove noted and wherein
the void volume of the corrugated mesh is as hereinabove
described. The catalyst bed can be formed from a
plurality of such corrugated elements, and the elements
may:- be arrangea in a wide variety of shapes and forms.

Thus, for example, U.S. Patent No. 4,731,229
discloses a reactor having corrugated packing elements.
Corrugated packing elements of this type may be fabricated
from mesh having catalyst particles retained in the
interstices thereof, in which case the catalyst "tape"
disclosed in such patent is not required.

The mesh may also be formed into shapes such as
disclosed in U.S. 4,731,229; U.s. 5,189,001; U.s.
5,431,890; U.S. 5,032,156; European 0-396-650-Bl; European
0-367-717-Bl1; European 0-433-222-Bl. These and other
shapes should be apparent to those skilled in the art from
the teachings herein.

. Thus, in accordance with an aspect of the present
invention, there is provided a catalytic reactor which
includes packing elements in the form of a mesh, with the
mesh having catalyst particles or fibers retained in the
interstices thereof, with the catalyst particles having an
average particle size of no greater than 200 microns, and
wherein the mesh layer which is used in forming the

-4~



supporting mesh [ ayer having catalyst particles or catalyst fibers '
retained iwddm7uéit erstices thereof is at |east 45% and isppifsespidkzy at

| east 55%. and.i,s. nor referably at |east.65% | eneral  t Vol :
vol une does %%?klé%eg%ieﬁgﬁé éﬁ& pareY%Jr‘Sbf’ﬁlﬁﬁ‘Sos %t&éx@?@&% 3% Thdh& er m
"voi d vol une'pastickespert fiberke maysbeascompdised ebfi dre ,detws nonethore
dividing the, ﬁéﬁ: I r hGh e.g. e

catal yst par tc?'/écl][ e afn% Mng?ie]%ég? %‘?m‘“ﬁ P%e dﬁ'@‘ﬁ%ﬁ%yé t%% ?%i'gl ?\%%&Pfesr‘of
the nesh | aydF NAIHNF RRFRFESR I mitBPRerarcomprifedeef pastisdesi piryi ng

by 100. The vpingws peigeMrdeimdrdditatied 3y Sboate@d Wi on! A e8taayakyst and
material formng the nesh ma e.as high. as 95% and is generalfy at | east

55%  The vol unetBF cedfaRESPTINCR Wit 1ana@speati gREr thminPyssening
up to about ageritaixer, Oilﬂhq::@nisapﬁlbyitiedn}i r&iﬁé&iiméx@éﬂd)ﬂﬁltbﬁtﬁlyst
structure. T ca tigles _or_ _fihers are retained in the
interstices o1 %gek%rfeséu? é%%ikglg&a fgguﬁt ,catq?g'y&&tcalwcet%ﬂv FEE1RO tRS:
becone entr aiswRPart t heox epecking,whish fétmwedt vdugh meshneshd haviagt o
be under st oo g]ﬂzyay,_er- : Lh t t pacti ds V. o] edom
of novenent chva thi'n t hjéniir’\%gééé?%aégéo?b%ﬂeoﬁeg}% %l%}kﬁ%f%{eé%éI%&pgﬁt iEc es

or fibers ar +HALHHGRLT n tPe netReandwire nomesdmt r aiwhdch n thesr eatheon

stream  Thusharddtefisticd aferdiddidvd Negmsivd@ye some freedom of

novenment within th@& mesh bg} do qg%ﬁ%gcon% entrained in the reaction

stream In  actorB5fibe 18 BPFe her formsdeiof a; Metajes NOWEVEE: Ur e

may be for medtiheom habersaibi mhyate cemployed) , suichh #sich deendhavi ag a

oo oo her DAL, R ont Klcht*aBERll ) Ehekll By 13,

catal yst par mentdenads | pérkelet alaridus shaindeesststeslsf tEha.esho4,
310 and 316, hastalloy, Fe-Cr alloys, etc.

The mesh may be formed from fibers, with such fibers
generally having a diameter of at least 1 micron with the
fibers having a diameter which generally does not exceed

- 25 microns, although smaller or larger diameters may be
used.

It is to be understood that the mesh support may be

~comprised of one type of fiber or may be comprised of two
or more different fibers and the mesh fibers may have a
single diameter or may have different diameters.
Additionally, the fibers can be coated with a thin film of
catalyst whereby the mesh support is coated with catalyst
in addition to having catalyst fibers or particles
retained in interstices of the mesh support.

The mesh containing catalyst particles or fibers may
be initially formed by producing a mesh having a catalyst
support retained in the interstices thereof, followed by
impregnating the retained support with an appropriate
catalyst. Alternatively, the mesh may be produced with

: supported or unsupported catalyst particles in the mesh.

- As a further alternative, the mesh may be produced wherein
the particles retained therein are catalyst precursors,
which precursors are subsequently converted to an active

-5-



- 3- The reactor contains at |east one catal yst bed, and such
cat al yst bgeé gspysde forned fromone or nore |ayers of mesh heyrospsnesssl yst

contained 1 n_the.in er st ces St S t [ e
conpri sed of ﬁﬁF‘P‘VS ér L gtpr%éxﬁég{] e'r’rée éwt%l% ﬁ%’asthapgf%te?elt% nte)a?'d'L
t he |nterst|fexneldermd the catmlysteshr maﬂgfstcapae%?sosar tllrtﬁl%"ste%r

fibers retai '1%%' f\—fﬂé‘elg%%éibegs JENFROT mekh AFGRdafGEMAEiont BE piRsent

i nvention, ormed 1nto a wide variety of shapes and, therefore, nmay
be enpl oyed a@s& -packing elenment for a catalytic reactor. Thus, for

exanpl e, the weshvmg,belﬁaladd‘o@x@dewtmﬁnr raigaasﬁecacbmgthéemment

wher ei n each ,corrugat ed ckin ement 1ich.for ms al bed
is formed of ¥&% Favi r%ecat‘g?%t SIP%t aPRed IPHEERR Vnt g:rr)é&q.cde:e? t k%fée%f
whi ch cat al yyaﬂta.s:laasoadsrl Eibens frietarineidzeiasther éntielrstdcest dtherrbt,
wherein the v

WIE of [ t 3}%&@ bed.
The catal yst%eﬁ:e uChl? %oérl%e%%q?r%%é%é&df t%sty oaf%ﬂ coﬁﬁ
el ement s, andbet he ecenehystna?umoatrawg’ehpum gaiadysiar | 6Fy BRYshaPes? and

forms. 1ystOr suppdtR! Cwith atdBFs0! Ao mag' 78é, 229 sHisgtlpses
react or having cmyr ugat ed”packi ng el ement’s. Corrugat e acki ng .el enent s of
this type mpisEUrast cat B8 FPEMCAESH WhereEEhat g’f/%%c ¥t PEI %reé:tso\ din

the interstiees thetedh aetikechcatatdykhe cahal yparticped or fibers
retained in the mesh may be subsequently provided with an
active catalyst. In the case, where the particles or
fibers are a catalyst precursor, the precursor may be
converted to active catalysts by procedures known in the
art.
The mesh having particles or fibers retained in the
~interstices thereof is preferably produced by a procedure
of -“the type described in U.S. Patent Nos. 5,304,330;
- 5,080,962; 5,102,745; or 5,096,663, wherein a composite is
formed from metal fibers, cellulose fibers and the
..particles or fibers to be retained within the wire mesh
and water, which is then cast into the desired form,
follbwed by removal of substantially all of the cellulose
fibers by gasifying therecf at an elevated temperature,
preferably in a reducing atmosphere, which elevated
temperature also sinters the metal fibers to produce a
mesh. In some cases, it may be desirable to leave
incompletely gasified or non-reacted cellulose fibers
within the network to serve as a support or as a catalytic
material. The Examples describe a representative
procedure for producing a mesh having retained catalyst
particles in accordance with the present invention;
however, it is to be understood that, although such a
- procedure is preferred, it is possible within the scope of
- the present invention to produce such a mesh by other
- procedures. Other procedures may be employed for removing
cellulose including the removal of cellulose prior to
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di scl osed in such patent is not required The nmesh may al so be forned
into shapewoeﬁmmas di scl osed in 4,731, 229 U S. 5SPCBAISOHE33S U, S.

5, 431, 890; @rt@,geaa@, q; &axi Opepi Sudh7a’d&dsBl, ;
Eur opean- 3?‘%}8‘%1 lThese % ot her pes shoul d be a£$argnt pt 0

t hose ski l I c@ iGRtakYEH (may oBet H§e@e§&u]ﬁ‘§eﬁeff' £ temperafpe
accordance Wiy Jr1asIRsHe Gfs thegncpFeR®ENt | Nvention, there is provr ded a

tal yt t whi ch | ud Ki | f . ,
W th Lhe meen havitly BRPARELBE,EHE cPeglyr 9 bB b pblte! AdB ™ol
interstices tdearienid woid vdlunet hbysbtpanedcbys sehacting ther agéapavei cl e
size of 10 OLafied BF 8491816587 mettl VHMGd CpArtie188sby %Péewl alebis

used in formng g
el ement has dnotbevonimpurs, ams cWellls thFhedbal“?FEFes"%r t3fbr%e¥“ tady be

conpri sed of G,y d WHPTtHOT 8128 8EYEhe PRRRHIAlT FW mVelbe cowpei medhof
only catalyst or may be conprised of a suppart co rrf of fpﬂiér cles o
fibers that #HEUGHHIERnded IRIASRL hOF ErRIyERIILY © ye

accordance Winhexs aspaet ffet &enabaaq;ntormuﬁaédomnt bech i Sapepsi ded ia
wherein the SUHAL: orieBEFRoSOMERBPRoR o e Ot d Rt Pno SSRAFRS! | n
particul at e foff mtorlessst |5)en3crca'tsaram'&i genetnllmt@ssme's egfteedt A8 mmuj re
mesh, whi ch In hgspre'fgf'red embodiment, the thickness of the mesh is
at least 50 microns and, more generally, at least 100
microns. In many cases, the thickness does not exceed 2
mm.

The mesh structures can be formed into three
dimensional structures in a large number of ways. The
formed composite containing the cellulose fibers and the
metal, e.g., nickel metal, which may contain the catalyst
support or catalyst particles or fibers themselves, e.g.,
zeolites or mixtures of components, can be formed onto a
backing structure which provide the structural stability
of the system. The composite formed on the backing
material can then be treated in a reducing gas atmosphere
to remove the cellulose fibers while simultaneously
bonding the metal fibers to each other, and to the
structural backing material. This is preferably done
where the backed materials are treated as stacked sheets
in the furnace under inert or reducing conditions which
then can be formed into a variety of three-dimensional
structures. This forming process can be accomplished by
passing the formed sheets through a crimping device to
make a channel structure resembling the channel structure
in monolith structures. It is preferable to have the
structures formed where the sheet is passed through a
crimping device which imposes a small alternating pattern
to the sheet before it is formed in a larger structure in
a second crimping device which forms the main channels of
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characteristics herei nabove descri bed. - The nesh is preferably forned
of a netal wowweyer ., other materials may be enployed, such aEBCEUSEISEIS.

As represent gtive I f h | 84,4 Lh b ho 1 i gkel
various st ai'ntheessf§ﬁ§s%%§§F§H§04%0églq% Sifg' %estgP?légéhFéjq%lﬂl ?%ys,
etc. Thé&hee st mstyree f etk dhaventf peEiedig SecORIRIY R AHS abPy

having a di angter 18f MedBapt cheButent Widv t BarbLBAr @Y stguatdiremeber
whi ch generally does not exceed 25 mcro

Es, al t hougc(r}’énal I gr or | grg

di anet ers mapdsakiag up ther haundame dAyerst3bd t SHEAREShOSuppdFt
(rjra%/f be corr})_ribc&ﬁduﬁl .0nﬁlﬁyadﬁﬂ?ighbebyoalﬁarihg ttm:p'eieﬂb'_ difcittwo of nheﬁ
ifferent fihers and the nes i bers may have a single.djia I ave
G iforent u Aty SebeaR RFimary 1paicedne gt & ELge, Ur (he
filmof catalimgosedterstyuttereeshgsappiquids gest-gaswiand chigidtliguid
addition to l.noC |y fna'%gr p I ¢l eg ikl Al LR7I ' of
t he nesh supgﬁi\rs'%l% ?zggl'hféérres é@'nz%ii niﬂr# géét glyst .pgrﬁtgintll %sr%:r%ﬁigﬁ may
be initiallywhighed b§ praddiei ndeaigned hdeng & cHL¥PPst apRbbFRt @R AP ned
in the interstdfosrddiaiedf . fohbouedy alReIRAlYAE, t NArR! ahifBesUPLr t

with an appropriate catalyst. Alternatively, the ne may_.be produced
with support Ct't}Hé‘?J%pBg?EchQt gﬂeysf{% i Trm FRet %g%sﬁfpe aVPaFEher

al ternative, dtwe @emposiyebdsprisshdedl vbetdien baekims t shees it afokding
therein are qalal Ll Br eEHr Aoty CRaBhESH 1Y S£BL W PISIUBMAY: or
hexagonal channel in one dimension which can be stacked in
a variety of ways to form a structure to enhance mixing
characteristics for various. applications, including
catalytic distillation. It is possible to envision
attachment of the layered structures by mechanical means
such a staples, or as tabs formed by the structure itself
which allows the sheets to interlock to form a stable
three-dimensional structure. This may be achieved by
interlocking the sheets through slots or holes punched in
alternating sheets which allows the tabs in the
alternating sheets to penetrate and to be affixed by
locking the tabs by various mechanical means, including
bending or twisting of the tabs. It is possible to form
such three-dimensional structures before the treatment
process which removes the cellulose fibers, and then to
pass these formed structures through the furnace where the
treatment will serve to attach the structure at the
contact points in the formed body. It may be desirable to
form the three-dimensional structures before the treatment
process which removes the cellulose fibers, and then to
pass these formed structures through the furnace where the
treatment will serve to attach the structure at the
contact points in the formed body. It may be desirable to
form the three-dimensional structures that have openings
in the sheets, such as circles of one or more sizes,
formed prior to the furnace treatment so that when the
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catalyst. As a further exanple, the nesh may be initially fornmed and the
cat al yst owoeahealgrst precursors inserted into the intersticescqfusrgmﬁgggsh

after format kgl (gealined indBUSpld) A55ALIBRGRNI ! et oL the

present inven € mes e ini y provi I'cl'es ~or
fibers retai ﬂ@@umd hbyﬁn@ém@mces flipar cid  wiewision mhbparaGGIUl%eed)r in

fibers may bepa GhRiotiire OF s Q&R H‘éit@rhyiséléﬁ@a?%érew dhestigatal ¥pk, or

may be a catal yst support with cataly be _a catal yst precursor.
In the case Wadte 2hethar Wadiles Qdr §HecternednRonoddth hate VePeBRiBgSst |

thehpartlcl esudh fa?e&ﬁré@}arnﬁdles th@lm&aam%yb%ﬂtdsswl ngéy ahaybged
with an active cataly, n t case er e tic ers gre a
cat al yst prelli"df"é"&da ﬁﬁé’ retc%rrliﬁ W%e%ve?}?%‘bg? ac?fve%ﬁ E?EF‘? by -
procedur es kstamdcturehe laaratdlng toThéanﬁile haviosg pehannkeds filoii.ber san
retained in d C QEE'Q’%[ ab pr oce

of the type égggﬁ%@& %i) ent Nog‘lt%é%%’o %?o E§E§§§ 9%53‘*@&102 g

or 5,096, 663 chamaed; rc%r!ttmﬁﬁ)sineamonglmu stamokers i ke sform| weldse

fibers and the penéi ot fp@fﬁést%%ﬁﬁtéhée%%éﬂd}é he V!‘He%:é‘fEéP and
water, which is then cast into the desired form, followed by renpval o?

subst anti al | 2 3BPPLAACHES |59 SETY RH4 s BRRGLSI9N | YRL4HRS et thin apuch
el evat ed temmramﬁesqr dfrirrialldhg wel diah! G i J1 6 1 SPEEd £rg Vé-¢Ices evat ed

tenperature al so rs. the net fibers to QI‘OdUC a %
cases, it may be e5| ea%l%ppf‘aag%‘eg\?e ’ﬁ'aﬁ(t E a%erch&dlreo?’ which

non-react ed cedl | beoséorieder dnto sheets wh:Lch can be subsequently
converted into three dimensional structures is to make

sheets as layered structures which contain microfibers of
larger dimension so that the sheets will have the required
structural stability in the subsequent forming steps. For
example, it is possible to form a layer with 12 micron-
size metal fibers which has a second layer of 2 micron-
- size metal fibers: which may, preferably, contain the
catalyst support or catalyst particles in this layef.

Alternatively, a composite containing mixtures of two, or
more, sizes of metal fibers in the composite can be used
to form a single composite structure with the necessary
mechanical stability so that, for example, a backing is
not necessary in the final formed structure. This will
allow certain advantages in the effective utilization of a
given reactor volume to maximize the catalyst
- concentration within that volume by elimination of the
volume occupied by the backing material from the
structure. The ideal structure for a given application
will depend on the volumetric activity required combined
with the value added to the process by the structured
.catalysts of this invention. In some applications the
cost of the catalyst may be the deciding factor in the
choice of the method of preparation, while in others the
main factor is the performance and selectivity advantages
provided by one method of preparation or another.  The
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within the network to serve as a support or as a catalytic nmaterial. The
Exanpl es wWesonmdss a representative procedure for produci nBCHUS#E63¥avi ng

retai ned cat gyStmpdr dicleS df A0 A Ordd t Nt RecBiRsent cbhveat | §iven
however, - it |s to be understood that, although such a rqcedure i's

preferred, | BPPLi5aEON 15 26 &Re 1TPOFE v entore t 15
produce such aa &btbyeabberlﬂr O 165 - mdﬂdlertl'pr mﬁmtmemywliehenpheyed
for reaning e |n d|n t he r € 0, rier

L S M TRl s L O35 L8 ab 12

cat al yst may Jlmechmuer Icmﬁerndénes tlan’pﬁrmdzh elengtini chB@Y\@n@ethwoseZ?s

renoved. L edu rﬂf‘aﬂ?ﬁﬁ}é Vv S rasdegipRd
voi d vol une |s ta?%e y sel ectl t he re?ﬂ g }nﬁntggh%?%ge | ul gsg
metal and pamm@df |9¢3¥§6§9usé@114q3i1 t R&Eeni ﬁﬁ&ﬁ@blﬁg WRECasSERUCENERE! er

of the netal yyika{ %ﬂﬂﬁ.&é‘%ﬁé Zcfeé’irécﬁ‘edé’é‘féé %Esmﬁl’clea b@h&raffﬁérﬂﬁﬁﬂcs
structure is thus, conprised layers 0 ers that arfe_
he

randoni y ori &amRined swithl E)féfeé’tlvel ﬁ"ifé%e?’a f, mags rﬁsrsarP r FEBERBE
fibers has a fidd ckngivedf aiplml&xm cmprﬁeamﬁ:@eom ghley chteslywits eafeed

10 mfmm In a re.ferr ﬁergpﬁg the hi ctli,{gessl ér{){}gdrresﬁ:élsvfgyl eash 50

m'crons and, mﬁ"re ge east 00 mcrons N many cases
t hi ckness do@;eLmtJedeedreahnzed by having the catalyst concentratlon

controlled in the three dimensional space in a desired

concentration within a highly porous supporting structure
provided by the mesh scaffolding. Particular advantages
to be realized by these novel catalyst structures is with
respect to reactions that are very fast, such as
hydrogenation and oxidation processes where the reaction
is limited by the amount of geometric surface area within
the  reactor volume. The small particles of catalyst
within these structures will have a controllable geometric
surface area which may be tailored both radically and
axially in a typical fixed bed reactor configuration for a
given application. This may be envisioned to be, in one
possible case, the equivalent of the catalyst
concentration that is present in a fluid bed of small
catalyst particles. The mesh scaffolding allows the very
small catalyst particles to be suspended in space which
will be equivalent to a "frozen" fluid bed. The catalyst
particles will not be carried from the fixed bed unit but
will remain in their fixed positions so that it will be
very easy to remove the reaction products from the
catalyst while maintaining the high volumetric
productivity. The difficulty in achieving high catalyst
utilization (i.e, high effectiveness factor) for moderate
to fast reactions is well known to those skilled in the
art. This invention provides a means to increase catalyst
utilization (increase the effectiveness factor) by
utilizing small catalyst particles that may be comprised

-10-



The mesh structures can be formed into three dinensional structures in a
| ar ge nunti&O 9807463y s . The formed conposi.te containing the PeriusH$IRa3s
fibers and tgg Bﬁ&ﬁh parqlclabsc%ﬁhtma% avarﬁfﬁ f@tﬁ%@'&a‘é‘f&&%ﬁii’ét

support or artlc es qr, fibers thenselves, e.g., zeolites-or

m xtures of %i P@ﬁ B9 ckhepe dspivansaass, RickiGRpvantianale weagtor
praovi de the sysuemsra(lswdmba*sl tsyhn&yt h:eeacysbfm og TmlaomaSIﬁéhchﬁﬁéTd on
t he backi ng ri t he treate reducin ere to
renove the c"g%g‘ﬁl e f?:g’élrég \%HFE’? 5§l t oY 58581%'58 h@g e5eer s
to each ot heix;vandlon e provide aEOanlmlme:nal perfﬁtmamce prgrtetczh ably
done where t 8C kfde SRt S kedapigetgitn t
- furnace unde?g?%ert oré:“ﬁ u%:%én p?(’)n(?}{ ﬁ%?c é‘?ﬁ % %gngbe tor |1th0 a
vari ety of tPREBLIGLAENSSERLPY rl}é"éufiesSJ-m reaatey pP§@§§§SGan tﬁazch

acconpl i shedy dyupas sglrﬂzt}hepfeéa@seg h@Rt sa t BaQUOR 18 &1 24P Bﬂoé@é,bc e Make
Sstructure In nonol it

a channel structure res e channel

structures. SFY1Pus pPET’g[r{bSE‘Fe%P'G hERLalists separatdor &%W’é’h S heet
i s passed t hmotighan cismngf@lfwms\hl:g’wemmes vihearein taiatﬁlsaéﬂ Ngis g
attern to t b i n er_structure in econ
(Fi)l’l npi ng devf&?tfaﬁ?éﬁ %ﬂnlgn% h& n%%%o% ar{?ﬁeeﬁl% 82 cture  ¢anuty 5‘ o
structure. Tymcthon amyat fdxedabhed realkctoref the structure w II have a
periodic secondarynst ragtd geio d&éow%éueé?@ ed | 2! 1L O4pfad he

structure by breaking _up the boun l'ayer “at th ace o
variety of chemical reac 1ons As representative examples

of such chemical .reactions, there may be mentioned

hydrogenation reactions, oxidations, dehydrogenation
reactions, alkylation reactions, hydrotreating,
condensation reactions, hydrocracking, etherification

reactions, isomerization reactions, selective catalytic
reductions, and catalytic removal of volatile organic
compounds .

- The catalyst employed in the present invention may

be any one of a wide variety of catalysts. As
representative examples of such catalysts, there may be
mentioned: zeolites, group VIII metals, nickel, etc. As

suitable supports, there may be mentioned, alumina,
silica, silica-alumina, etc. _

The catalytic reactor is operated at conditions
which are suitable for the specific type of reaction which
is being performed in the reactor.

The present invention will be described with respect
to the following examples; however, the scope of the
invention is not to be limited therebyﬁ

Example 1
Materials: The mesh forming material was nickel

fibers (Memtec) with 2um, 4pm, 8um, and 12um diameters
- which were used as received. The catalyst and/or support
for a catalyst was one of the following:o Silica gel

-11-



channel . In addition, by altering the periodicity of the initially inposed
primary stwgym“-;and the size of the inposed structures, gaBeT/USoS/TE335

gas-gas and | igui. UI d 1.Re ed r chag%g
di mensi on WhI(P% % @glhédﬁe% T0r g glq\g:éh@g%pl ?Iclgt |%a9éﬂé‘g ui rerent s.
There are al sduall\n@ry (Cab@@)nunﬁéllgﬁ sinminar e§DaVibBEOBAN b%Etf%TTF@%Il-’r‘F%m

the flat sheqip) Weehedria® ieRIROS kiagrle®iRONqALrERalic BAakI éﬂrﬁbﬁ‘etbmck
folding the sheet in per| odi c fashl on to forma tri angul ar. &gﬁa onal
channel in orf€alatensPEHARKSC HWREGh h#ast 8RR 1BF a¥F5 ?*8?9 of % or m
a structure c [ t r
applicati onsb%ret:lncréu nrggé(c&? tfﬂl{" fs%l‘fﬁtt%éﬁalw 5@:{:;!1\ possible to
envi si on attachmar&reﬁOmhe E‘a.y@n-eatspnuct ur heby paRSEn PICIAEMSs sWRFea

stapl es, etp%}% d orgmeh rIgﬁ £ I yalppre ktaghhrwhi ghsal héi\ﬁgf_t heos&get s
tomterlocktoforma stable ree-di nensional _ structure. hi s rraz be
achi eved by ESERMANG ng Thie netek LiBpTRgILet Hiloss S R heTr AL

al ternating tcslesyw(eﬂ» aibeys) tvere t Aembined t Bémalteansstsly sanét s

t trat d b | ogcki the tabs b i hani cal
meane, i nel GRS A0 BE GRRS TBCBFEehetfaBEBEoRi AL eagadt o e Fhr m
such t hr ee- diwatext onacl‘hxsrdispeeseﬂeMdlxeurhewalsemiéJactmd)msa W0 € hcra
remves the cAlldhane Lhoet SmofdaEhal & PaSEpbOLEe LREERINS! [ UALLM et

t hrough t he furnace where reat ment rve to-attach the structure
at the cont a@refsims were iriet memobght |in mdr Rt &QiFable to formthe

t hree- di mensi onal $igtctik@Sobe deied rﬁ@éms pr ages amiud hprepeyms t he
cellulose fibers, @and Then 10 Bass €se i Struct es thro h thed
furnace wher @&%% THeaARERt 19 FR sERFEARGUIATAIR e %t§ [P urRTETES nal

contact poi ntasdemilea f dntred stadks | tompysdd dEsiombl eot d:dmrnnﬁimldual
three- di mensi %aéeé””%ﬂée stdliled' 2% 20" Ietd HincECHRLwRLEN B0

circles of one or nobre
quartz plates (also 2 cmx 6 cm). Normally, the preforms

were separated from the quartz plates with a thin layers
of. alumina-silica cloth to prevent sintering of the
preforms to the quartz plates. This assembly was held in
place by a single quartz clip. Alternatively, the stacked
-preforms were placed between two pieces of heat resistant
stainless steel screen (DIN 1.4767, also 2 cm x 6cm}, with
no separating layers of alumina-silica cloth, and held in
place by a single quartz clip. The sample was placed in a
quartz U-tube reactor (25 mm diameter x 300 mm length)
heated by a vertical sintering furnace (Heviduty). The
sintering was performed in a reducing environment of H,
with a flow rate of 50-100.cm /min (STP) at a total
pressure of 1 atmosphere. Oxidation to remove residual
cellulose, if necessary, was performed in air at a flow
rate of 50 com /min (STP) at a total pressure of 1

~ atmosphere. Rereduction was performed in a reducing
Henvironment with a flow rate of 50 cm /min at a total
pressure of 1 atmosphere. Before sintering and between

reductions and oxidations, the reactor was purged with
feed gas for 15 minutes prior to introduction to the

-12~



formed prior to the furnace treatnent so that when the sheets are
f or med i nt avd bs/emseli nensi onal structures the desired hydrodyrmoiusdsiiesssand

m xing can b | eved i : c : | b Vigg O
clearly in tﬁf%%bf thrbe]{'!tv\%ﬁﬂ%f t‘ﬁisg fp-ogryrr%ci rmnolqzlﬁ \Ek?etgﬁglggrﬁsﬁgﬁt
such as circuiemperttaeres | berwaan| y1aRB&w aRd gak? B3 or OFLEREHORI oWah

traverse the ghapnahed ofat hg 73K Medrst 19ctiiutéfadint rerechittiilon waess

hannel flow. _ An alternat h_to, attach the, f
Chatts.  or GREERIMeSnEaE! 15 RiauEBRoRG 15 (THEAS FE cotheroidgnks OF

the contact pehet ssihtdiinghetempecatuee, Whicheser mwas ajmweaches tH,

carry out pregision dj WLEIRI D, su t €3, wi,.Nglkuding wel ding in
| aser wel di ng{:%o%\é\g‘épg) Aaﬁ%ah%‘};a%%F%a%ﬁﬁhgignékg&c%%%g?i't e structures
whi ch can be fornmed into sheets which Exampleudsequent!ly converted into

t hree di nensional structures is to_nake sheets as | ayerged _str ures ich
contain microfiber® SOMRAELE JPREFSFDh %+ t?é’tns[%r@%tr?eagt g’%\im' #1'1'% hg\}é:ktvéﬁ'e
requi red strutibens, stebilhlbgel FibeessukssEntided nsilDiciegel Rmeaaxal e,

it is possible to forma layer wwth 12 mcron- size nmetal fibers which has
a second | ayer DFHM) ni cFRA- CoFp@shtealasi BEPRAKRLACAS Aay00p B eCapISRLar

contain the Gate#ysh SHRRHAIMNg CHS! YeheParddetfurd tHéstiaNed. above
Al ternatively, a conposite confaining mxtures of two, or nore, sizes of

met al fibers utilizingnpodi geofa? ham usisczkelo fibers, singl g ofnmeedilndose
E;{:Ef;;r ies""i LA BEEs MGG Yo "o NPT BALHAP L1 Yo S0 delatmi &b SREPRES: 2
These components were agitated at 50 Hz for 5 minutes in 1
liter of water and prepared as a wet preform by settling
onto a filtration screen. After drying, the preform was
cut into pieces, stacked, and sintered at 1273K for 30
minutes in the presence of H,. The preform was
subsequently oxidized in air at 873K for 15 minutes and
rereduced at 1273K for 15 minutes in H,.
Palladium catalyst was added to two of the above-
formed structures to form two structures as follows:
Tetraaminepalladium(II) chloride monohydrate from
Aldrich, 99.99%, was dissolved in distilled water and this
solution was added to the Ni fiber using an eye dropper.
This was then dried at 115 C for 1 hour and calcined at
400 C for 2 hours. Pd dispersion was measured by using CO
pulse chemisorption in the Altamira instrument.

Sample | . 5 P4 in Pd
# -~Weight | Pd Salt H20 Pd Sample | Dispersion
g ? g - ece g % %
L . H
1 1.71 : 0.0248 10 ' 0.0100 0.585 5.3
2 0.48 ! 0.0011 3 ' | 0.00044 | 0.092 |  32.5

The present invention provides for an improved
reactor and improved chemical reaction in that by
emplbying a fixed bed in accordance with the present
invention, one or more of the following improvements can
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not necessary in the final formed structure. This will allow certain
advant ageswiogbojghgsyef f ective utilization of a given react orpCy/Ok8M®335 t O

maxi mze . the. catal .concentratiqn w.ithin.tha EADY jon
of the vol urTg)'e oc@%%laé"é% jyy 4 hg&gac%@ngzg%{&etri a%?@%‘ggngnt.heﬂsﬂl. u%?%drie.
The ideal stmedEe@tdvidryla gihvighepplrekunenris | |ackeheHyy orPehe Waltine®fic

activity reqyidREH0MbNEMeW tdhidifce@! vatadded tpitde RAAGRIZaRY oheor
structured catalysts of this inven{ion. In“sone a icajions the cosé of

the catal yst SdypiRation ki Brek-MLELBg: | AWRE BRGNS TP hetHBHECBE
preparation, mihiiRy | BFOt Peasthhesneandfeet PWrodudthe per f Diguiae asnd/or

et SRR *ORERES" LRty “wEESE el SR8 ShihelleaLTBE
structures fdhen cqabadysipplimgatoved imass ssndrheatportamsfennseter ati on.

There | t ' L ng, Lth - ot d
from the ot ruct ur Sierds LB EIERME Rl VAL HREISHE) g (Vhe BERong! T

i nch | engt h. iBsegtdang saxez Poasible | tnadightamfgbheoabicsen kgaechings

structures f réif&ﬁ%ﬂé‘ﬂ@f@ﬁe? h%iﬁiﬂ”iﬂﬂé %&ﬁé%ﬁb't@l‘é idii;_fér?déd’?él'&fﬁs\/\hi ch
provi de the desired degtr__ge of m xing characteristics conbined w

th
effective hedand*ARERLEPENSAY eskBnt PHAGGCES 4i QEREERDPRcalii@R 28

feature of tharadAldAllatlsy dedditibedvention will be the inproved activity
and
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selectivity realized by having the catal yst concentration controlled in the
t hree di nenedgamd6space in a desired concentration wthin a bcghissshesus
supporting structure provided by the mas&li folding. Particular
advantages to ‘be realized by these novel alyst structures.is with
respect to react} oAR aPRAFatyse C@@P}lsﬂagt such as hydrogenati on and

oxi dation processes whejerkthetb@actdton ésst i Binettk Bied heaEHWFE Heq i
georret ric SUI’f r eact or O| une. part i cPes

areg Within,
of catal yst %ﬂ’t‘ﬁl sT¢ tk&a?‘éscﬂi“PFlﬁ%‘E étc&ﬁﬁsGl RS el 3pHeRf i @
surface areamasch s&n;d tree $1ai havﬁﬂgbﬁébaﬁ.ﬁddcalrﬂ thand et icdd @f typécal

fixed bed re n lve lication |

envi si oned to [5 ) F% éﬁgg{% 3Si %]oh%r&gg.g] qia:gga ‘éqﬁf’\?al“ﬁ# o?gle?ﬁ%d

cat al yst cond&®t hengraup iconpistdmg iof |péi't|1dlésdhain.ngaldn cavetygé

particles. T@gﬂﬁméc‘s&{g@lﬂ qﬁ Q_:}Dzle%"m‘.‘%f r@? &_?é aalﬁ'é $rt icles to
va ent he

be suspended j.n space wh e equl ¥V ozen
catal yst par giameter | £ né’P tﬁr%%t'ﬁfﬂfe(‘}hﬁporﬁ@%emmr@ﬂlsbecsmt llau'en/vl d>f

Feaction progucis :fjr“otn?tm Lig 788180 CRtBlvist Wn £hE MOteraieed (RpYSe1Ne
vol umetric p?’o%ﬂ‘ W@W c’é:ul“"tty %%%iﬁféﬁn ng hi gh catal yst

utilization (i.e. h| gh effectlveness factor) for noderate to fast reactions

[ Ik t k t h t 4 Thi t d
o i norease oatal o RE | FRRELBRUS! | 0 edti il hot " RRERRpn@eid | e TR

by utilizi ngCoMRRILSESt & pdunsditiyclods lialyer steyf lmet(aimfmhzemk
-10-
3. The apparatus of Claim 2 wherein the void volume
is at least 65%.

4. The apparatus of Claim 3 wherein said member is
particles.

5. The apparatus of Claim 4 wherein said particles

comprise a catalytic material supported on a particulate
support.

6. The apparatus of Claim 2 wherein said fibers
forming the mesh have a diameter of at least 1 micron and
no greater than 25 microns.

7. The apparatus of claim 1 wherein said reactor
contains a plurality of layers of said mesh, said mesh
being in the form of a packing element.

8. The apparatus of Claim 7 wherein said packing
element is corrugated.

9. The reactor of Claim 4 wherein the particles have
an average particle size of at least 10 microns.
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of small particles that have a thin catal yst coating while elimnating the
di sadvant aggsegdragonvent i onal reactor systens (such as sI ur r yCTRR98/15335 Of

fluid bed react.ors)_use or_.t ULROSE, n sent
i nventi on can -pr ovi?ie f pe r\?oarm&r?é:{) {Dg per 1(§“r m!'a'ncvsert}L %%% d ?%‘f%ﬁ
presently onlz;etain@i/abire wilteh dmtlersydceisc] of ehbﬁoy@qshn gompﬁiﬁ?sreactor

process. | e Mol 1R4RC Pf an@2Sa f lakdn 704 cAnasesachave
serious probl m; WI cat al yst “separation issues, which are pot "an issue for
this inventi oraE@etal noBateAidt SHEPEREr afiAld Wekin VRl udsS médh $838Eture

configured t os44INCAA@Ns@B dmé &N CELMSEL 68 Ghédtal flbezTé\e catal ytic reactor
may be enpl oyed for a wide vari ety of chemi cal reactions. As representative

exanpl es of such chem cal reactions, there may be nentioned hydrogenation
reactions, oxi dati:Dns Thederbﬁdltogemdi iCimireal0 i vherein &heymgsiorhas a

reactions, %éga& NG fgggg GhPlrofgactions, hydrocracking,

etherificati on reactions, 1 Soneri I on reactions, sel ective catalytic
reductions, and catal ytic renoval of vol ati |l e organi ¢ conpounds. The

catal yst enployed {5 thgner eseRbebBVeR ORr1EBY b8 0 AMherdih Ofhed m¥kHE
variety of catalysts. As representative exanples of such cat aI ysts,

there may be FRPRYHFRE: Moka}l fikersg, oup V11 netals, nickel, etc.” As
suitabl e supports, there may be rrent i oned, alumna, silica, silica-alumna,

etc. The cat al ic eactor [ t conditions which are suitable

for the specific tqy/%)é PEQSFth V\ﬁ‘l%gﬁglggngél ng perfornmed in the reactor.

The present invention valEIEeb§1I1gsar chethiwailh neesitdom in the reactor of
claim 1.

14. A catalyst structure, comprising:

at least one layer of a mesh, said mesh having
retained in the interstices of the mesh, a catalyst
comprising at least one member seleéted from the group
consisting of particles having an average particle size of
no greater than 200 microns and fibers having a diameter
of no greater than 500 microns, said layer of mesh
containing said catalyst in the interstices thereof having
a void volume of at least 45%.

15. The structure of Claim 14 where the void volume
is at least 65%.

16. The apparatus of Claim 15 wherein said fibers
forming the mesh have a diameter of at least 1 micron and
no greater than 25 microns.

17. The reactor of Claim 14 wherein said catalyst
retained in the interstices of the mesh comprises a
particulate catalyst support and a catalytically active
material on said support, said void wvolume is at least
65%, and said mesh comprises metal fibers. I
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to the foll ow n'% exanpl es; however, the scope of the invention is not to be
linmted t h&YQBYI7467 Exanpl e 1 Mat er PEITAIS98/1638 e
mesh f.orning. mit enigal velse nteketofi BEr £laliMemECYhetéin 2L Rer InesH &idgd . a

8[err], and 1:?,[ E&x]es(y ULy ae\ggtct}, yer.e used as received. The catal yst
r

and/ or suppo or a catalyst was one CRIE F ol | owi ng:o Silica gel

(Davi dson), ganma-alum na (Condea and Harshaw), al pha- alum na (Cabot),
silica-alumna ( o) B @@%It (P porat i ( haw)
and carbon bl ackD?'\gabo?%hepO\;\qdegar' fvvas@l%g{gd gg rg'}(g)eel're&gp eédl%e lkn%%%
particle siz&oBPTiBes,FRteds fidensypical ly 55 gm Preform Fabrication
The paper preforns were prepared accordl ng to TAPPI Standard 205 using
Nor am equi pnent . e al fibers, ulose fibers and,ceramc particles
(or fibers) were }gﬁb% sFrﬁf\ctté’Weoﬁ’ gﬁ&“‘m YedWBeredn ,the, PAGkIRGes

i n approxi naeédement! iinedudes\atttrached i@aﬁer@dsamd(tm&@ was col | ected on
a 200 cmcircul ar sheet nold as a wet conposite preform The wet preforns
were dried overnight in air at 60 C Sintering of Conposite Preforns
The dried prefornms—werecutinte—212-em rectangular (2 cmx 6 cn) pieces

and assenbled into f one to ten individual pieces. The
st acked preforns vverm IIE@ ﬂﬁ two quartz plates (also 2 cmx 6 cm.
Normal |y, the prefo i d fromthe quartz plates with a thin

| ayers of. alumna-silica cloth to prevent sintering of the

——

This Sheet Has Been R,

LT

-17-~

THIS SHEET HAS BEEN
REPLACED




pref.orns to the quartz plates. This assenbly was held.imn.place~by"a single
quartz clip. Alternatively, the stacked preforns were: pl-aced between two

pi eces of heat resistant stainless steel Screen (DN 1:4767, al*so0'2 cm x
~6cm, with no separating layers of alumna-silica cloth, and held in place
“by a single quartz clip. The sanple was placed in a quartz U tube reactor
(25 mnm di ameter x 300 nm | ength) heated by a vertical sintering furnace
~(Heviduty). The sintering was perfornmed in a reducing environnent of H2
~with a flowrate of 50-100 cm/mn (STP) at a total pressure of 1
.atnmosphere. xidation to renove residual cellulose, if necessary, was
perfornmed in air at a flowrate of 50 cm/mn (STP) at a total pressure of
.~1 at nosphere. Rer eduction was perforned in a reducing H2environment
wth a flowrate of 50 cm/mn at a total pressure of 1 atnosphere. Before
~sintering and between reductions and oxi dations, the reactor was purged
‘wWith feed gas for 15 mnutes prior to introduction to the

-12- f ur nace. Sintering was performed for 30 minutes at
‘tenperatures between 1123K and 1273K, oxidation was performed at 873K for
.15 mnutes and rereduction was perfornmed for 15 mnutes at 15 m nutes at
either 1123K or the sintering tenperature, whichever was |ower. H2
“(purity 99.97% and air were supplied bREACTOR

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

| This invention relates to a reactor and more particularly to a catalytic
reactor for performing a chemical reaction. The invention further relates to a

catalyst structure for use in a catalyst reactor and the use thereof.

A wide variety of catalytic reactors are known in the art. Such catalytic
reactors include reactors 'in which the catalyst is maintained as a fixed bed (the
catalyst is not entrained in the reactants) and catalytic reactors in which the

e catalyst is entrained in the reaction stream, such as a slurry reactor or a fluidized
bed reactor. In general, catalytic reactors in which a catalyst is entrained in the
reaction stream are characterized by the use of catalysts of small-particle size
wherein the catalyst is maintained in a low-density in the reaction stream. Fixed
bed catalytic reactors are generally characterized as having a large particle size

and a relatively high catalyst loading (low-void volume).

In Document US-A-3 713 281 there is disclosed a gas contacting packing
that includes a woven wire framework to which are adhered inorganic heat
exchange or moisture exchange particles. The particles may have a size of from
about 10 mesh U. S. Standard Sieve to about 3 mm.
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Exanpl e 2° A conposite preformwas constructed of. 2[err] nlcke
fibers, cellulose fibers, and Davison silica gel (nean dp = 55pi)..  The
conposite was prepared as a 200 cmcircular preformaccording to t he
procedure nentioned above utilizing 1.0 g of 2 [err] nickel fibers, 1.0 g
~of cellulose fibers, and 1.0 g of Davison silica gel mcrospheres. These
~conponents were agitated at 50 Hz for 5 minutes in 1 liter of water and
“prepared as a wet preform by settling onto a filtration screen. After
drying, the preformwas cut into pieces, sfacked, and sintered at 1273K for
30 mnutes in the presence of H2. The preforn1 was subsequently

.;oxidized in air at 873K for 15 m nutes and rereduced at 1273K for 15

#ninutes in H2. Ijalﬂ)@mlmspm DE:Ad3928 10Qgherd dedistlosedvan“pldte’t for cahmaining a

formed structures n1tmo es _as fal
“Tet r aani nepal | a(ﬁWﬁt er%ﬂlcﬁ y&ép%{‘%ﬁ{f’df%ﬂt@n&ﬁ’bﬁsﬂfg‘?lfi@ﬁ ofggetghyiresas -
di ssolved in dlamuﬁugﬁ‘water and this solution was added to the Ni fi ber

- using an eye dropper. This was then dried at 115 C for 1 hour and cal ci ned
‘at 400 C for 2 hours. Pd dispersion was neasured by using CO pul se

ain T g e AR R Wlrgted to an Bl Rl rapopand i

g g ahemical grocessks effected in such reacto as vell askatélyst stribted for sucH O
~0.0100 1 0.585 5.3 2 0. 48 0. 0011 3 0.00044 0.092
"32.5 The ™#¥sent invention provides for an inproved reactor

and.d.mproved chem cal reaction in that by enploying a fixed bed in
accordance with the present invention, one or nore of the follow ng
i nprovenents can
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= T8: ° ° be obtained: [ OW Dy- product formation <(inproved
‘selectivity); higher volu unit of reactor Volune;
enhanced catal yst life; mmmuﬂlm\"m"m m nation of back-m xi ng; | ower
pressure drop; inproved m Xin§ of reactants and/or products as |iquids
_and/ or gases; higher geonetric surface area to volune ratio of the
catal yst; inproved mass and heat transfer, ‘etc. Numer ous nodi fications

- and variations of the present inventions are haisapblneNon FGTUS981633% above

“teachings and, er fore, within the scope of the appended clainms, the
~invention may b ed otherwi se than as particularly descri bed

L. An apparatus comprising a reactor, at least one fixed catalyst bed in

B

said reactor, said bed comprising at least one layer of a mesh, said mesh having
retained in the interstices of said mesh a catalyst, characterized in that said catalyst
comprises at least one member selected from the group consisting of particles
having an average particle size of no greater than 200 microns, and fibers having a
diameter of no greater than 500 microns, said layer of mesh containing said

catalyst in the interstices thereof having a void volume of at least 45%.

2. The apparatus of Claim 1 further characterized in that said mesh

comprises a plurality of layers of metal fibers.

3. The apparatus of Claim 2 further characterized in that said void

volume is at least 65%.

4. The apparatus of Claim 3 further characterized in that said member
is particles.

5. The apparatus of Claim 4 further characterized in that said particles

comprise a catalytic material supported on a particulate support.

6. The apparatus of Claim 2 further characterized in that said fibers
forming said mesh have a diameter of at least 1 micron and no greater than 25

microns.

7. The apparatus of Claim 1 further characterized in that said reactor
contains a plurality of layers of said mesh, said mesh being in the form of a

-
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8. The apparatus of Claim 7 further characterized in that said packing

element is corrugated.

L4
L

9. The apparatus of Claim 7 further characterized in that said packing

element includes attached layers of said mesh.

10.  The apparatus of Claim 4 further characterized in that said particles

have an average particle size of at least 10 microns.

11.  The apparatus of Claim 1 further characterized in that said catalyst
retained in the interstices of said mesh comprises a particular catalyst support and
a catalytically active material on said support, said void volume is at least 65%,

and said mesh comprises metal fibers.

12, The apparatus of Claim 11 further characterized in that said mesh

has a thickness of at least 50 microns.

13.  The apparatus of Claim 11 further characterized in that said mesh

T comprises metal fibers.

14. A process characterized in that a chemical reaction is effected in

the reactor of Claim 1.

15. A catalyst structure comprising at least one layer of a mesh, said
mesh having retained in the interstices of the mesh a catalyst, characterized in that
said catalyst comprises at least one member selected from the group consisting of
particles having an average part:icle size of no greater than 200 microns, and fibers
having a diameter of no greater than 500 microns, said layer of mesh containing

said catalyst in the interstices thereof having a void volume of at least 45%.
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1. " An "apparatus, conprising: .4 reactor, at [east one-fiXed
catalyst bed in said reactor, said bed conprising at " |east oné Tayer of-a
mesh and having a void volune of at |east 65% and conprumnﬂmmm miih a
dianeter of from1l to 25 microns, said. nesh having ret , ﬁ,m’m',

interstices of the mesh, a catalyst conprising at |east one ménbdr Selected

“fromthe group consisting of particles having an average particle size of

no greater than 200 riiécr orThe caalyst stArhfe BOTIAG B FrBEELHRFacRizB@ irtheedafd

.than 600 microns,  said catalyst _having freedom of novenent within said

mesh whil e bei ngOtbYmeds atdeastdFoi nterstices of said mesh, and the vol une

- percentage of said catalyst in said nesh, based on the volune of said

‘layers -of fibers.

> catalyst and nmaterial formng said nesh, is at |least 55% up to about 99%

2 The apparatus of. Q7ai mThe catabseitrucase of ChiMh 1GohEhésdaratapized & thht/satf
..The_apparagus of Caim 31 wherein said catalyst

3.
is in the form GPFdPPRiogsaid mesh have gliamgtorafat leasty} misron end no\greatesithans ai d

. particles conprigenigrdndt al ytic material

18.  The catalyst structure of Claim 15 further characterized in that said
catalyst retained in the interstices of said mesh comprises a particulate catalyst
support and a catalytically active material on said support, said void volume is at

least 65%, and said mesh comprises metal fibers.

19. . The catalyst structure of Claim 18 further characterized in that said -

mesh has a thickness of at least 50 microns.

20.  The catalyst structure of Claim 19 further characterized in that said

mesh comprises metal fibers.

This Sheet Has Been R

[T

C970760

THIS SHEET HAS BEEN
'REPLAGED

e ——



'suﬁ'ppr ff:é'd on a pafti ppor . The appar at us 0|2 %D&?-ng

sai d reactor conta Iayers of said nes sh be

in the formof ap mﬁm m m“l 6. cpifsrpar at us of Cl%ms whe@a@l

sai d packi ng el enent s clrriugéet ed. 9 e apparatus of Caim

wherei p the,pa erage particle size of at |east 10

m crong AR %@gﬁ%%ﬁﬁ?&o al m 30 wherein sal d catalyst retained in

-the interstices [tIC | at e,.cat al upport angd a

catal yti cal pyreggfqr,,@ﬁgage f‘?ﬁyﬂmm §a regctor,—,— fiaidy % FS‘B'EE"S(‘RQ afj.

C aim 37 wherein the nesh has a th| ckness of at |east 50 mcrons. .
least one layer of a mesh and having a void volume of at least 65% and comprising
fibers with a diameter of from 1 to 25 microns, saild mesh having retained in the
~interstices of the mesh, a catalyst comprising at least one member selected from the

group consisting of particles having an average patticie size of no greater than 200
microns, and fibers having a diameter of no greater than 500 microns, said catalyst

having freedom of movement within said mesh while being retained in said interstices of
said mesh', and the volume percentage of said catalyst 'in said mesh, based on the
volume of said catalyst and material forming said mesh, is at least 55% up to about

99%.

e

The apparatus of Claim' 30° wherem said mesh comprises & plurality -of layers of

_ fbers
‘3. The apparatus of Claim 31 wherein said catalyst is in the form of particles.

. The apparatus of Claim 32 wherein said paricles comprise a catalytic material .

supported on a particulate support.

5. The apparatus of Claim 30 wherein said reactor contains a plurality of layers of

said mesh, said mesh being in the form of a packing element.
& .  The apparatus of Claim 34 wherein said packing element is corrugated.
7. The apparatus of Claim 32 wherein the particles have an aven‘abé:ﬁafﬁ&lé suze of g

at least 10 microns.
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mesh, is at least 55%up to 95% g mgﬁ apparatus of C aim 36 wherein

t he pasu'ppbﬂs have an averaﬁ u l““ of at least 20 m crons. 14.
The apparatus of Caim42 | es have an average particle

size of greaterthan 50 nicrons. The apparatus of C aim 30 wherein _
sai d rresh |s formed fromfibers, V\/mch are a catalyst, said fibers having a

oher et e e The MRSt B Sl 37 Mafein shel et naP B ket ot s s0

apparatuys of C aim45 wherein the nesh has a thickness which does not
exceed MICFRRS.

0.  The apparatus of Claim 30 wherein the void volume does not exceed 95%.
i1.  The apparatus of Claim 39 wherein the void volume does not exceed 90%.

12. The apparatus of Claim 30 wherein the volume percentage of said catalyst,
based on the volume of said catalyst and material forming said mesh, is at least 55% up

to 85%.

3. The apparatus of Claim 36 wherein the particles have an average particle size of

at least 20 microns.

i#- The apparatus of Claim 42 wherein the particles have an average particle size of

greater than 50 microns.

iS. The apparatus of Claim 30 wherein said mesh is formed from fibers, which are a

catalyst, said fibers having a diameter of no greater than 30 microns.

-1g-  The apparatus of Claim.38 wherein the mesh has a thickness of at least 100

microns.

17, The apparatus of Claim 45 wherein the mesh has a thickness whic_.h does not_.. _

exceed 2 mm.

-16-



