*159159* REACTOR SEALI NG METHODS BACKGROUND OF THE

I NVENTION 5 The present invention provides for novel
sealing neans for reactors wused in the production of
hydrogen and carbon nonoxi de (syngas). More
particularly, this invention is directed to a novel

\\\\\\\\\l\\\\\\\m@m‘mﬂ\l\8IySF:""n: g of a Turnach and using the same i r

«Lhex gas phase reaction of methane and oxygen to form

syngas 10 It is kggﬁf?ﬁSE WGQ\AE??{'@D%W used as

cat al yst supports em c reacti ons because of

e

10

15

20

25

30

r ég¥*'ons such as syngas production from 15 met hane
wi th oxygen, hydrogen cyani de production from nethane,
anmoni al heprasenkinyentionpdordsies fari nweUee@ngo@eaas ifanrreattors

CUSRRCR P ol FIRER Ly RRIRA 503 B ADREYRRnGRs). More

ef;ﬁaﬁﬁéumﬁy ahfs ihashtn isitdeesetd M@@%e%eﬂﬁﬁ?éﬂ SEHling4Atalytic
Packed- bed reactors usual Iy contain pellet- or
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cat al yst and the tube wall that contains the catal ysts
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r BRGNS beEAlS ¥Fhigh throughput and selectivity. Monoliths, a

type of the ceramic foams which have open interconnecting cells, have been
used for short-contact-time reactions such as syngas production from
methane with oxygen, hydrogen cyanide production from methane, ammonia
with oxygen, and oxidative dehydrogenation of alkanes with oxygen.
Monoliths have advantages of superior heat transfer, mass transfer and high

effectiveness factor in these types of reactions.

Packed-bed reactors usually contain pellet- or granule-type catalysts.
Suitable shapes and sizes of these catalysts are readily available for a
particular type of chemical reaction. In these situations, the leakage through
the gap between the catalyst and the tube wall that contains the catalysts is
minimal due to the large L/D geometry and the random packing of catalysts.
Also, this random packing provides flexibility of thermal expansion for
exothermic reactions. In general, packing methods are established for shell

and tube type packed-bed reactor. However, monolith reactors often require
different configurations.

Monoliths usually demand small L/D geometry to provide the short-

contact times necessary for reactions to occur, and have low dimensional
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25 Al so, this random packing provides flexibility of
thermal expansion for exothermc reactions. In
general , packing nmethods are established for shel

and tube type packed-bed reactor. However, nonolith
reactors often require different configurations. 30
Monol iths usually demand snmall L/ D geonetry to provide
the short- contact tinmes neces3ary for reactions to
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sual 'y “rma euseo eramc
V\ndfheaetaatﬂmd)pmch&tsAl um na, alumna-silica, silica
or zirconia felts are conventionally inserted between
the nonolith and refractory lining inside the 15

react orp ldrrﬁe%ﬂﬁbtrg?ﬂodg%é’?’dﬁ Cﬂ?\%ﬁbﬁ’lﬁs%ﬁﬁw ?ﬁéb% use of ceramic

al um na, I ca um na- si zirconia, mg
orfeb®with agramicipastes. ddarnath, aumina- mlecraarmlmafc&lmrcoma felts are

¢ rongE oAy ea ebwger the Banali e Crsf e ontdiit igside the

gt@g!r:ﬂloghg\ 96d@|bh| békgirﬂittplés@%dédmﬂ"bﬁhg #R#hinaYsilica, alumina-silica,
zirconia, magne3|a or boron nitride are coated onto a ceramic felt followed by
curing at elevated temperature. Even though the gap can be minimized by
precise design of monoliths or filling with additional sealing materials, the
difference of thermal expansion of each component can cause leakage during
operations at high temperature. Thermal gradients existing in both axial and
radial directions can develop the gap even more. Also the temperature

cycling caused by turn-down and start-up may create more leakage problems.

The leakage causes a bypass of reactant and eventually a low yield of
product. From a process point of view, any leakage will be a burden to the
overall process and can result in the need for additional processing steps
such as separation, purification and recycling of gases. For example, the
leakages of methane and oxygen in syngas production cause serious
problems with subsequent separation processes. Accordingly, it is an object
of the present invention to provide an improved sealing method for a catalytic

monolith into refractory lining to prevent leakage of reactants.
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carriers in 1o the gap between a catalytic nonolith

and refractory lining in the reactor. Previous sealing
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the present invention provide for using packing materials, termed the carriers,

!

which provide the same or similar catalytic activity and carry out the same
desirable reactions as the catalytic monolith. The carriers will provide a higher
.pressure drop than the catalytic monolith materials which will cause less
reactant to flow through the layers of the carriers.

The present invention additionally provides for a method for sealing a
reactor comprising depositing a film of catalyst on the refractory lining of the
reactor. This will result in further reducing the sealing problems encountered
between the monolith and the refractory lining. These films are metals and/or
metal oxides impregnated carriers or metals and/or metal oxides film deposited
on the refractory lining to reduce leakage in the reactor. This method is
especially suitable for monolith reactors that produce syngas by the partial
oxidation of methane to achieve a high yield of syngas while having less

leakage of oxygen and methane.
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the present invention provide for using packing
materials, ternmed the carriers, which provide the
same or simlar catalytic activity and carry out the
same desirable reactions as the catalytic nonolith.
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DESCRI PTI ON OF THE DRAW NGS The Figure is a depiction
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i nvention highlighting t e gap between t
reactor refractory 1o lining and the catal ytic
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catalytic carrier materials in the gap and additional catalytic films on the
refractory lining with the same catalyst or a catalyst providing substantially the

same catalytic activity as that impregnated on the monoilith.

The gap that is between the monolith and refractory lining is filled up
with catalytic carriers that have the same or similar catalytic activity as the
catalytic monolith. The carrier materials for catalysts for the present invention
can be shaped as pellets, granules, cylinders, monoliths, honeycombs or any
other types of catalyst supports. It is preferable to impregnate the catalysts
onto the carrier shell and not the pores to enhance the effectiveness of the
catalysts. The size of the carrier can be changeable and will depend upon
the size of the gap and the pore size of the catalytic monolith employed in the
middle of the reactor. The size of the carrier should be bigger than the pore
size of the monolith to prevent its penetration into the pores. Preferably, this
sizing can create a higher pressure drop than the catalytic monolith. The
pressure drop can result in less gas flow through the gap and better gas
penetration through the catalytic monolith. The increased contact with the
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of the reactor. The size of the carrier shoul

bi séger. aluminosiieaisemagnsisiven elurninesiticalelsi and tconmleatems thereof.
its penetration into the pores. Preferably, this

sizing can create a higher pressure drop than the

cat al ytTite oanfiers thn bétferméd by emyWiftaBleopraeabséSsuth agn
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pe"ﬁ@ ng, iRGRSTIRG.cRIAIdiING spadafpingondiestampingrhéhe carrier of the

FESaRaRyEARIARN Ybichi REve s SR REK d8a BIRIIER tbgﬁaso m’

I‘IOI‘ ores w rove t

f aper dgram. ddere preferablytivel Botfacé’ Iaaea:&rabcmt 1nt@tatimﬁl1$) m? per
can be gﬁde f om.any strong, materials such as

ned'aMy bhe pestaifed GRite MatelialSTRE Mei-RPEOUE @ 19w r&rpéa materials
g} tBFbeaQEQH Mlﬁﬁfﬁ'\o‘sfﬁe‘%\% e ? &@s%%hd&ioh@rﬁdﬂ%e carbon

ni ckel e
formation accompanying the reaction. The reactant flow, even if it is limited

by the pressure drop through the gap, will still result in the desired reaction.
The amount of the catalyst on the carrier can further be adjusted to maximize

yield while minimizing leakage and carbon formation.

For better sealing an additional thin catalytic film is deposited on the
refractory lining. This catalytic film is formed by any suitable procedure such
as impregnation, adsorption/ion exchange, precipitation, painting, spraying or
slurry coating, followed by the catalyst activation step. The same or similar
catalysts to those that are on the carrier can be deposited on the refractory
lining wall where the monolith and the catalytic carrier are located.

The metals used in the catalysts are selected from certain transition
and noble metals of the Periodic Table of Elements. Active metals can be
selected from the group consisting of transition or noble metals selected from
the group of nickel, cobalt, iron, platinum, palladium, iridium, rhenium,
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ceramc materials are selected fromthe group
consisting of alumna, zirconia, silica,

al um nosilicate, magnesi um alum nosilicates, and

conmbi nations thereof. 10 The carriers can be formed by
any suitable processes such as nolding, pressing,
extrudi ng, spray drying or die stanping. The carrier
of the present invention will 6typically have a
surface area of |ess than about 50 n2 per gram More
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per gram The pre carrier materia
naratalystisshodiuhow porous materials 15 that are able to
wi thstand the severe process conditions and the carbon
formati on acconpanyi ng the reaction. The reactant
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on the refractory lining. This catalytic filmis
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catal ysts to those that_are on the carrier can

ddpenelitesl Anceramie prstect 6ay alsa be mgplied bnthe tep ahé the bottom

h
TeGhe bhr PSRRI it LGRS, LARBER b Batayec im
t rgxoontalnimy risstiumablceatezt en ﬂw@fnriefﬁwdﬂ%fltﬁdlréfré'étbhﬁllrﬁﬁg by the
El enents. Active netals can be 30 selected from the

grRARinGpka denag raediupupilate seluennobl e net al s
selected from the group of nickel, cobalt, iron,
platinum palladium iridium rhenium 6
Depending upon the type of catalyst that is employed, the catalyst can

also be provided with additives. The addition of ceria to rhodium for example
is advantageous when the catalyst is used for the partial oxidation of methane
wherein a stream of gas that contains methane and oxygen or air is passed
over the catalytic monolith. The composition of this feed gas stream varies
within fairly wide limits taking account of the potential for explosion and
carbon formation. Typically, the molar ratio of methane to oxygen can be
about 60:40 to about 66:33.

The feed gas stream can also contain other inert gases such as
nitrogen, carbon dioxide, sulfur compounds and saturated hydrocarbons.
Reaction temperatures which are employed are elevated and are preferably
in the range of about 600° to about 1200°C. The pressure of the feed gas
stream can be about 1 to about 20 atmospheric gauges.

The following examples are intended to further illustrate the present
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rut henium rhodium osm um and conbi nati ons thereof.
Preferably the netal catalyst is rhodium The figure
is an illustration of the present invention including
catalytic 5 carriers and the other elenents of a
syngas production reactor. In the partial oxidation of
nmet hane and oxygen to produce syngas, rhodi um

i mpregnated onto alumna pelléts 1 or
small-reticulated ceramic foans 1 can be filled in the
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and alum na based refractory lining 3. A catalytic
nmonolith is positioned onto either a small step 4 1o

inrefr cyor ining or onto additional supports, such
a onbs or nonoliths. A ceramc paste 5
can al so be applied on the top and the bottom of the

carriers to maintain their packing structure.
Opt i ondlatglytic meoreliths ot Examples 1 @nddhwearenprepared by @emmonly
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ad@grare inch andbwaighiedi ahous 2.€ gramas+ Eachaaenelith svas in the shape
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gas that contains nethane and oxygen or air is passed
20 over, the catalytic nonolith. The conposition of
this f @g&é” wﬁwnamwmteg oneath monglith sucky that cenid t s

t . ) 2 H | i 0 . .

o SELTHRELAKL e LY weIGh{H B, oridha) TGN CALBP Coating with
nmeehian sinteringkwgs pec@mbed atzﬂﬁ;ﬁ)ﬂc fﬁﬂsmmwimﬁnuRhﬁﬂiLﬁﬁ was then
25 The fee s.stream can .al.so contaip, other inert

S RDLSaARG 4005 g FEFoRoER AN Benalin sehripal Thodium

C QERPHEE auLitoh Wyak&ghiotheSHdRM Snonolith. After impregnation,

samples were then sintered at 650°C for 8 hours in hydrogen. The samples

were then stored in a reduced condition prior to their use.

Syngas from methane and oxygen was prepared using the catalytic
monoliths packed in Example 1 and 2 according to the following procedure.
First, a blank monolith wrapped with zirconia felt on its edge was inserted into
a cylinder-type refractory lining made of alumina. The inner diameter
refractory lining is 1.0 inches resulting in a gap of 0.2 inches between the
catalytic monolith and the refractory lining. Zirconia glue was applied onto the
zirconia felt to prevent any gap. While the zirconia glue was still viscous and
not completely dry, a rhodium loaded catalytic monolith which had the same
dimensions compared to the blank monolith was placed on top of the blank
monolith, wrapped with zirconia felt on its edge. And then zirconia glue was
applied onto the zirconia felt. Another blank monolith wrapped with zirconia
felt was placed at the top of the catalytic monolith followed by applying

zirconia glue on the zirconia felt. The blank monolith was added to help
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Reacti on tenperatures which are enpl oyed are el evated
and are preferably in the range of about 600 to about
1200C. The pressure of the feed gas stream can be
about 1 to about 20 atnospheric gauges. 30 The
foll owi ng exanples are intended to further illustrate
the present 7 invention and are not intended to limt
the scope of the invention. Ex&nples 1 and 2 5

Catal ytic nonoliths of Exanples 1 and 2 were prepared
OYre QaANN. e RS A RPBrOvideHials WD AR dhirg friePPhrdal

based nonolith was procured roma commercla

supgidation preaeds.nbhisl ¢atalytiadenalith wad emsployedin Esampld $.

per square inch and wei ghed about 2.6 grans. Each
nmonolith was in the shape of a disk about 0.8 inches

in dia i i ' ' :

A ] o B e as B o the
ceydnae presasitire g thatowt Exapmpley! axceithatithereisord girenia felt at

lith. After.coati it ria i pteri S, ..
oaPp sedorsealachRbeth. Habitad fie,Ban Beffuchn ik S8,
| MAbAGIALRE Rfraetdr Bniteli Al 6@ APSHIH HOITh o AdP batalltic
such that rhodium 15 conprised about 2% by wei ght of
t HArgeiSgi nal nonolith. After inpregnation, sanples
were then sintered at 650C for 8 hours in hydrogen.
The sanples were then stored in a reduced condition

prior tAthdreidcouphs way pifsed’ atthe18) ARt eha hatteny 8E8admhonolith
prepared usi r]gI the catalytic 20 nonoliths packed in
S a

aethe pathialoxgdatinndiorgeasureemnsiraloe.n g gasomedureof 3.25
iF 'trfc’cfﬂénde\glJ gteag @%}éﬁgg{é;ag%é Flnli‘\’gra)(’@ﬁ%tmél BagldnGoNv8 héihaitiers of
oxygen was caused to travel under a pressure of about 1.5 atmospheres over
each catalyst. 0.5 normal liters of hydrogen was added to initiate the
reaction. Analysis of product was accomplished by an on-line gas analyzer
combined with a fine oxygen analyzer. The results of the analysis of the

products from each example are set forth in Table 1 below.
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f ol Imupgpley [aRDHY, %I Z| ey gl uecenes hel ziggoRp! a 0
felt Th% bllank ﬁnno]ith gggﬁgd ed tkoeI 8H%r@ventcom %

axi al Heat lloss2dhd to pr240Q@le mass3dédstr| bubldn 2.6
durrg-Hhe—partigl—ext-dat-an—process—Thl-s—eatalyiie
monol i £h was e ﬁ%yed in BX | ¢ 1”§ﬁﬂe c 2.8

at al c
nonol i Th enployed i N EXanpl € 2 was prepared using the

5 same procedure as that of Exanple 1 except that

there is no zirconia felt at the edge of catalytic
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monol | LR dRVentelA Begth s S b Wit eapatt particular
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Anal ysi s of product was acconplished by an on-1line gas

anal yzer




conmbined with a fine oxygen anal yzer. The results of
the analysis of the products fromeach exanple are
set forth in Table 1 below. 9 Table 1. Conpositions of
syngas product by partial oxidation of nethane

Exanpl eCH4, %02, ppnCO %2, %2, %

12.8240031. 462.52. 6 22.51531.963.02.8 5 Wiile this

i nvention has been described Wlth respect to
particul ar enbodi nents thereof, it is apparent that

NWERARYhuRtdecribed e mnuaﬁd\}vﬁé@@b'di’élﬁw @f this
i nvention will be obvious to those skilled in the art.

The appended clains and this invention generally

Id Db d all 1o ch o 0 f.or ns .
o ot RS KrRihg s RS RpmAr AL SRS SR rier
s ¢eaerigls ihke PapIRNvebR vedttafic rdhdiigly bAg thé Hsfractory lining in
descri bed the invention, what we claimis: 1. A nethod

f seidkedctoty a reactor conprising providing catal ytic
carrier materials in the gap between a catalytic
monolith and the refractory lining in said reactor.

2.2. The Tired inethctbas bRiried in bladhal Whérelh8aRi rRastirds for the
reactor_ is for the production of gas. 3. The nethod

aPredugtianofigasci ai m 2 wherein said gas is syngas. 4.
The nethod as clainmed in claim1l wherein said
catalytic carrier material conprises a catalyst.

3. The method as claimed in claim 2 wherein said gas is syngas.

4. The method as claimed in claim 1 wherein said catalytic carrier
material comprises a catalyst.

5. The method as claimed in claim 4 wherein said catalytic carrier
material has the same or substantially the same catalytic activity as said
catalytic monolith.

6. The method as claimed in claim 1 wherein said catalyst is selected
from the group of nickel, cobalt, iron, platinum, palladium, iridium, rhenium,

ruthenium, rhodium, osmium and combinations thereof.

7. The method as claimed in claim 1 wherein said carrier is a metal
selected from the group consisting of aluminum, titanium, cobalt, nickel,

copper, iron and mixtures thereof.

8. The method as claimed in claim 1 wherein said carrier is a ceramic
material selected from the group consisting of alumina, zirconia, ceria, silica,
aluminosilicate, magnesium aluminosilicates, a combination of magnesium

aluminosilicates- aluminosilicate, and mixtures thereof.




5. The nmethod as clained in claim4 wherein said
catalytic carrier material has the sane or
substantially the same catalytic activity as said
catalytic nonolith. 6. The nethod as clainmed in claim
1 wherein said catalyst is selected fromthe group of
ni ckel, cobalt, iron, platinum palladium iridium
rheni um ruthenium rhodium &5m um and conbi nations
thereof. 7. The method as clained in claim1l wherein
sa.d cartid Aieth6d asRiidled iANI&AT ¢WHerem ddi@ cﬁfri-'éﬂ?:omprlses a
consisting of alumnum titanium cobalt, nickel

cﬁctme sqleetad 4ram the groupscanaisting of pelletheagrapulesdcyinders,
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alumna, zirconia, ceria, silica, al um nosilicat e,
ma neS| um al um nosilicates, a conbi nati on of ma(t]ne5| um
al nokhe methed as glaimeddpialaign svhesaim saigmonsdith has a density
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wherei n sal rier conprises
the group consisting of pellets, granules, cylinders,
nmopol i ths, honeyconbs, or. m xtures thereof. 10. The

met hod H&e getn asﬁlﬁlmeg, imclaihd mheresaid m“m EOmgEises
40@&@2%#%& 0%f o IPahIG 1“(@) 'b§/ WElonPaHe %dtglﬁlgt to about

per square i nch as cl ai ned
in clain1| mhereln said nDnollth conprlses fron1about

% t ut 10% wei ght of the cataly
nef% e%f%@eaﬁ%s@aa%t%@ﬁmpf@na ee@éwg@ggta wg\ af catalyst

flémﬁgréf@atc@arﬁ.@m e régippot ory 1ining of said

r eact or thod as clained in claim12 wherein
said reactor is for the

13. The method as claimed in claim 12 wherein said reactor is for the
production of gas.

14.  The method as claimed in claim 14 wherein said gas is syngas.

15.  The method as claimed in claim 12 wherein said film is prepared by
impregnation, adsorption/ion exchange, precipitation, painting, spraying or
slurry coating followed by an activation step.

16.  The method as claimed in claim 12 wherein said catalyst is selected
from the group of nickel, cobalt, iron, platinum, palladium, iridium, rhenium,

ruthenium, rhodium, osmium and combinations thereof.

17. A method for improving the efficiency of reactions in a reactor
comprising providing catalytic carriers in the gap between a catalytic monolith

and refractory lining in said reactor.



production of gas. 14. The nethod as clainmed in claim
14 wherein said gas is syngas. 15. The nethod as
claimed in claim12 wherein said filmis prepared by

I mpregnation, adsorption/ion exchange, precipitation,
pai nting, spraying or slurry coating followed by an
activation step. 16. The nethod as clainmed in claim 12
wherein said catal yst is selectled fromthe group of

ni ckel, cobalt, iron, platinum palladium iridium
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thereof. 17. A method for inproving the efficiency of
remodluaztmn ofrgas.react or conprising providing catalytic
carriers in the gap between a catalytic nonolith and
refractory lining in said reactor. 12 18. The net hod

as|g:| aiTRdmiethed as %lalr%eﬂhﬁb?duﬁﬁ ﬁfii/vﬂel‘éiﬁ%bﬁfgé@sfévngtage
production of gas. 19. The nethod as clainmed in claim

18 wherein said gas is syngas. 20. The nethod as

cl |n claim1l17 wherein, sai

cathr T oue e lag Bited h YRl £ RIS Salbe e materia
clinpristseagiystsai d catal yst has the sane or
substantially t'he sanme catalytic activity as said

catalytic nonolith. 22. The nethod as clainmed in claim

of? i chate ehdh B8 cR bR F7 b brain s AtER BrBpe same

r gryubstantially e same dahalgticl Bctivimas WaithcataBtieimenoliins
thereof. 23. The nethod as clained in claim17 wherein

said carrier is a netal selected fromthe group

copsi StHOnflinGl U8 ciiedtih LI wWhEP&h SaidE&5R)st is selected

from the group of nickel, cobalt, iron, platinum, palladium, iridium, rhenium,

ruthenium, rhodium, osmium and combinations thereof.

23. The method as claimed in claim 17 wherein said carrier is a metal
selected from the group consisting of aluminum, titanium, cobalt, nickel,

copper, iron and mixtures thereof.

24. The method as claimed in claim 17 wherein said carrier is a ceramic
material selected from the group consisting of alumina, zirconia, ceria, silica,
aluminosilicate, magnesium aluminosilicates, a combination of magnesium

aluminosilicates- aluminosilicate, and mixtures thereof.

25. The method as claimed in claim 17 wherein said carrier comprises a
shape selected from the group consisting of pellets, granules, cylinders,
monoliths, honeycombs, or mixtures thereof.

26. The method as claimed in claim 17 wherein said monolith has a

density of from 10 cells per square inch to about 400 cells per square inch.



copper, iron and m xtures thereof. 24. The nethod as
clainmed in claim17 wherein said carrier is a ceram¢c
mat eri al selected fromthe group consisting of

alum na, zirconia, ceria, silica, alumnosilicate,
magnesi um al um nosi | i cates, a conbi nati on of nmagnesi um
al um nosilicates- alumnosilicate, and m xtures
thereof. 25. The nethod as clalded in claim17 wherein
said carrier conprises a shape selected fromthe

Qroup  CPRs hidthed a@fcléiﬁie'd%%lalﬁf fNWhefein@éid ﬁﬂﬁfoﬁth comprlses
nmonol i t hs, honeyconbs, m xtures thereof. 26. The

mefromcabest @th’/crrﬁljab@utc’l% by Weighleofethe csdaliistronol | t h
has a density of from 10 cells per square inch to
about 400 cells per square inch. 13 27. The method as
clainmed in claim17 wherein said nonolith conprises
fromabout 0.1 %to about 10% by wei ght of the

cat al yst.



