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A METHOD FOR DECOMPOSING NZO UTILIZING CATALYSTS
COMPRISING CALCINED ANIONIC CLAY MINERALS

TECHNICAL FTIELD OF THE INVENTION

The present invention describes a highly efficient pollution control process
for catalytically converting nitrous oxide (N,O) into nitrogen gas and oxygen gas
which utilizes decomposition catalysts derived from anionic clay minerals, which

after appropriate heat activation, provide superior NoO decomposition activity.

BACKGROUND OF THE INVENTION

Nitrous oxide (N;O) is not commonly considered an atmospheric pollutant

* and has not been copsidered a constituent of the gaseous pollutants collectively

-referred to as nitrogen oxides (NO,) which have received wide attention as

Pollutants harmful to the envitonment. However, recent studies indicate that NZO

~in the Earth’s atmosphere may be increasing at a rate of about 0.2% per year and

ihat this increase appears to be caused by anthropogenic activity.

N,O is a major stratospheric source of NO, is believed to be involved in

-destroying the ozone layer and is recognized to be a green-house gas. Because

N,O has an atmospheric lifetime of approximately 150 years, researchers are

~ attempting to identify sources of the pollutant and to limit further production of

the harmful gas. Recent reports such as an article by Thiemens and Trogler,
Science, 251(1991)932 suggest that various industrial processes significantly

contribute to the increased levels of N,O found in the Earth’s atmosphere.

For example, nitrous oxide is a by-product formed during the manufacture

of monomers used in producing 6,6- and 6,12-nylon. Approximately 1.24 X 10° kg
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of nylon were produced in the United States in 1988, alone. Nylon polymers are
typically formed by subjecting a dicarboxylic acid and a diamine to a condensation
polymerization reaction. The most widely used dicarboxylic acid, adipic acid, is
prepared primarily by oxidizing cyclohexane in air to form a cyclochexanol/
cyclohexanone mixture followed by oxidizing such mixture with HNOj; to form
adiﬁic acid and N,O. Thiemens and Trogler calculate that about 1 mol of N,O
per mole of adipic acid is formed as a side product in adipic acid processes.
Assuming that 2.2 x 10° kg of adipic acid are produced globally per year, about 1.5

-1

x 1010 mol yr'= of NyO by-product or 10% of the annual output of atmospheric

N5O can be attributed to this single process.

M. Schiavello and coworkers, (J. Chem. Soc. Faraday Trans. 1, 71 (8),
1642-8) studied various magnesium oxide-iron oxide and magnesium oxide-iron
oxide-lithium oxide systems as NoO decomposition catalysts. While magnesium

oxide-iron oxide samples which were fired in air and which contained MgFe,04

EREE T NS

demonstrated low activity, similar samples fired under reducing atmospheres and

2+

containing Fe“™ in solid solution demonstrated greater activity. The researchers

concluded that Fe3 % jons in the ferrite phase are not catalytically active toward

3+

the subject reaction whereas Fe”™ jons contained in MgO together with Li* are

) catalytically active when the ratio of lithium to iron is less than 1.

P. Porta and coworkers (J. Chem. Soc. Faraday Trans. 1, 74(7), 1595-603)
studied the structure and catalytic activity of Co,Mg ,AlLO, spinel solid solutions
for use as catalysts in decomposing N, O into gaseous nitrogen and oxygen. The

S5 catalytic activity per cobalt jon in various N,O decomposition catalysts was found

to increase with increasing dilution in MgO. The distribution of cobalt ions among
octahedral and tetrahedral sites in the spinel structure of Co,Mg; Al Oy was
found to vary with temperature and the fraction of cobalt ions in octahedral sites

was found to increase with increasing quenching temperature. The researchers
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The présent i nvention describes a highly effigcient pol'lution.-control
process for catalytically converting nitrous oxide (N err]O-into nitrogen
gas and oxygen gas which utilizes deconposition catalysts derived from
ani oni ¢ day mnerals. which after appropnafe heat activation. provide
superior N20 deconposition activity. BACK ND OF THE | NVENTI ON
Ni trous oxide (N20) is not commonly considered an atnospheric pollutant and
has not been considered a constit- uent of the gaseous pollutants
collectively referred to as nitrogen oxides (NJerr]) which have received
wi de attent coficiaded that catalyst activity generally increases as a greater amount of cobalt

ions is incorporated into octahedral sites in the structure.

W. Reichle (Journal of Catalysis 94 (1985) 547) reported that various

5 anionic clay minerals belonging to the pyroaurite-sjogrenite group, such as
hydrotalcite (Mg6A12(0H)15(C032‘)'4H20 can be thermally decomposed to form
a product which is a useful catalyst for vapor-phase aldol condensations.
Replacement of Mg by Fe, Co, Ni and Zn an/or replacement of Al by Fe and Cr
also results in isomorphous double hydroxides which, on heat treatment, are

0 rendered catalytically active. The reference also states that the activity of the
catalyst is strongly affected by the temperature at which the hydrotalcite

is activated.

U.S. Patent 5,171,553, assigned to Ajr Products and Chemicals, Inc.,

Allentown, Pennsylvania, discloses a highly efficient, commercially viable process

or wnbok "t;\-uu;. YT

for removing N,O from gaseous mixtures. The process utilizes catalysts
comprising a crystalline zeolite which, at least in part, is composed of five
membered rings having a structure type selected from the group consisting of
BETA, MOR, MFI, MEL and FER wherein the crystalline zeolite has been at
20 least partially ion-exchanged with a metal selected from the group consisting of

copper, cobalt, rhodinm, iridium, ruthenium and palladium.

Industry urgently desires to develop catalytic processes for destroying N,O
emissions prior to venting commercial process effluent streams into the
25 atmosphere. Although catalytic decomposition of N5O has been studied
extensively in academic institutions, few commercially viable processes are known
for decomposing N5O into its respective components, namely gaseous nitrogen and
gaseous oxygen, which utilizes a catalyst which exhibits activity and life provided by

~ the catalysts of the present invention.
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pol lutants harnful to the environnent. However; recent studies indicate
that NJerr]Oin the Earths atnobsphere nay bée'increasing.at a rate of about
0. 2% per year and that this increase appears to be caused by ant hropogenic
activity. N20 is a major stratospherjc source of NO is believed to be
i nvol ved in destroying the ozone |ayer ant~is recog- nized to be a

green- house gas. Because N err] O has an atnospheric lifetinme of

approxi mately 150 years. researchers are attenpting to identify sources at
the pollutant and to Iimt further production of the harnful gas. Recent

reports such as an articl SREEFTSUMMARY (QF TR INVEMNEIONce. 251(1991) 932
suggest that various industrial processes significantly con- tribute to the
i ncreased levels of Nerr]O found in the Earth's atnosphere. For

exanpl e, i L1 ouSTHY sk Sybyask MK ChbfIBrbGEY It dekii PR Hth® ©f
exhaust streams whxch utilizes a catalyst formed from one or more anionic clay
minerals, which after appropriate heat activation, provide superior N,O
decomposition activity. The process comprises reacting an N,O-containing stream
in the presence of an effective amount of one or more of the enumerated catalysts
under conditions sufficient to convert the N,O to gaseous nitrogen and.

gaseous Oxygen.

The catalysts according to the present invention are formed by heat

treating one or more anionic clay materials represenied by the generic formula:

wherein

M is a divalent metal cation;

SRR R U B VT

N is a trivalent metal cation;
A is a mono-, di- or trivalent anion which decomposes when
b heated to a temperature sufficient to form a volatile gas;
m and n a.re such that m/n has values of 0.5 to about 6;
a is a number with the provisos that when A is a divalent anion,
a = 1/2n and when A is a trivalent anion, a = 1/3n and

b is an integer having values of 1 to 10.

Applicants’ process utilizes a family of catalysts which has not been
utilized for the subject NoO decomposition process. Furthermore, the invention
utilizes catalysts which provide superior conversion of N,O to gaseous oxygen and

nitrogen and extended catalyst life.
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6.12- nyion. Approrximately 1.24 X 10[err] kg. of- nylon-were- produced in the
United tates in 1988, al one. Nylon polyners are typically fornmed: by
subjectgng a dicarboxylic acid and a diam ne to a condensation

pol ymert zation reaction. The nost widely used dicarboxylic acid. adipic
acid, 1§ prepared primarily by oxidizing c§c1ohexane inair to forma
cyclohe&- anol / cycl ohexanone m xture foll owed by oxidizing such m xture
with HNOlerr] to formadipic acid and Nlerr]Q Thiemens and Trogl er

calcul ate that about 1 nol of N20 per nole of adipic acid is forned as a
side product in adipic acid processes. Assun1ng that 2.2 x 10[err] kg of
adi pic acid are produced 5 10[err] nol yr[err]
of N[ err] O by-product or 12585 3 sl ¥ IRAVNGDeric Nerr]O
can be attributed to this S|ngle process M Schlavello and cowor kers,

(J. Chem ' Soc. Faraday Trans. 1,71(8), 1642-8) studied various magnesi um
oxi de- FIG. 1 illustrates conversion of N,O to gaseous nitrogen and oxygen
5 obtained as a function of time and temperature using a claimed N,O

decomposition catalyst.

FIG. 2 illustrates conversion of N,O to gaseous nitrogen and oxygen

obtained over extend time periods using a claimed N,O decomposition catalyst.

]

) FIG. 3 illustrates conversion of N,O to gaseous nitrogen and oxygen

§ obtained as a function of time using a claimed N,O decomposition catalyst versus

; specified prior art cobalt-containing zeolite catalysts.

%_ | FIG. 4 illustrates the surface area of various calcined anionic clay

:g" materials obtained as a function of catalyst calcination temperature.-

§

: DETAILED DESCRIPTION OF THE INVENTION

10 The present invention relates to a highly efficient catalytic process for

: converting nitrous oxide (N,O) into environmentally safe products, namely gaseous
oxygen and gaseous nitrogen. The claimed process utilizes catalysts derived from
one or more anionic clay minerals, which after appropriate heat activation, provide
superior catalytic activity and life under typical process conditions. Moreover, the

25 process can be operated at lower temperatures than processes using other catalysts

and the catalysts used in the process exhibit extended catalyst life.
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I ron oxije and magnesi um oxi de-iron oxide-lithiumoxide systens as N20
deconpo# tion catal ysts. Wil e nmagnesi um oxi de-iron, -oxt de sdnpl es which

were figed in air and which contained MyFe[err]J err] denonstrated | ow
activity, simlar sam pies fired under reducing atnospheres and contai ni ng
Fe[err] :@in solid solution denonstrated grdater activity. The researchers
concludad that Fe[err] ions in the ferrite phase are not catalytically
active toward the subject reaction whereas Fe[err] ions contained in MgO
togethef' with Li[err] are catalytically active when the ratio of litiumto

iron is’less thanthe catalystd ekt ePHR r{n%QF raday
Trans 1, 74(7), 1595- 6033, staudl ed t he struc%%ﬁ?%’%‘é’ cat afa I C a¥:§| Vity of

Co[err] My[ emewng er calciming jonemwmmbre ah:ouhusdla;aummaal‘smepmnaai bpithé ysts in
decorrp03| ngf N201| nt o gaseous nitrogen and oxy-

MmNn(OH)(Zm + 2n)Aa' bH,0
wherein

M is a divalent metal cation;

N is a trivalent metal cation;

R 7

A is a mono-, di- or trivalent anion which decomposes when
heated to a temperature sufficient to form a volatile gas;

m and n are such that m/n has values of 0.5 to about 6;

a is a number with the provisos that when A is a divalent anion,
a = 1/2n and when A is a trivalent anion a = 1/3n and

b is an integer having values of 1 to 10.

The resulting heat treated anionic clay materials possess a composition

and morphology which is highly active toward decomposing N0 into its

b e iyl mmlmnu TV TP Ta

corresponding decomposition products, gaseous oxygen and nitrogen. The anionic
clay materials recited in the above-mentioned formula include, but are not limited
5 to materials commonly referred to as hydrotalcites, sjogrenites and pyroaurites
which compositions are well defined and can be prepared according to methods
known in the art. The temperature required to decompose the mono-, di- or
trivalent anion, A, to form a volatile gas will vary depending upon the particular
anjonic clay material and such temperatures can be readily determined by one of
S ordinary skill in the art without undue experimentation. Typical decomposition

temperatures range from about 200° to 800°C. The decomposition temperature is

not critical to the practicing the invention.
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gen. THE catalytic activity per cobalt ion in various N20 deconposition
catal yd#ts was found to increase with increasing diluticon in MgO. The
distril®tion of cobalt ions anong octahedral and tetrahedral sites in the
spi nel $tructure of Co[err]M[err]. [err]Al[err]Jerr] was found to vary

with téhperature and the fraction of cobal?-ions in octahedral sites was
found tih increase with increasing quenching tenperature. The researchers
concl uc?d that catalyst activity generally increases as a greater amount of
cobalt Fons is incorporated into octahedral sites in the structure. W
Rei chl € (Journal TheGaiiohi¢siiay frindra®3frpnbwhichr theqiroeekstdarilysta rare WerivaH @inC
day mirferal s belonging to the pyr.o- aurite-sjogrenite group. such_&s +3
hydr ot al ci t'ee prepased ]smb&txcﬂlu%by@@q garigty of apipus. cMersevemdhedV /N

Secompesed i e I NS iyl Blieg B Yl ity “EREaRIRES
' clays minerals of the present invention are converted to an active catalytic material
by heating the anionic clay material to a temperature sufficient to form a catalyst
. which exhibits NoO decomposition activity. Suitable heat treatment temperatures
vary depending upon the particular anionic clay material and usually range from

about 200°C to about 800°C at which temperatures the anionic moieties are

23

decomposed to gaseous compounds. The heat treatment can be conducted in air,

inert gases, vacuum or in an N5O-containing gaseous mixture.

The preferred ratio of m to n according to the formula of the general
embodiment can be varied from 1 to 4 according to conventional techniques
known in the art. M can be any divalent cation which provides N,O decomposition

. activity upon heat treating the anionic clay material. Suitable divalent cations
include Co?+, Cu?®, Ni2t, Pa2t, Zn2+, Fe?t, M2+, Mg2* and mixtures
thereof. Suitable trivalent cations include Al3+, Ga’ +, In3+, Fe3+, Rh3+,
Co3 +, B3 +, Cr3 +, La3 +, Sc3+, Y3+ and the rare earth metals including Ce3 +,
Nd3+, Pm3+, Sm3+, Eu3+, Gd3‘*‘, Tb3+, Dy3+, Ho3+, Er3+, Tm3'*', Yb3+,

D Lu3* and mixtures thereof.

15003 L 80 m"”m WG, . aukd .

According to a preferred embodiment, the process utilizes catalysts formed

by heat treating one or more anionic clay materials represented by the formula:
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repl acen@gnt of Al by Fe and Cr also results in.isonmorphous double

hydr oxi ds which. on heat treatnent. are renderéd catalytically active. The
referenc al so states that the activity of the catalyst is strongly

af fect ediiby the tenperature at which the hydratalcite is activated.

US-A-5 039 645 di scl oses the use of hydrotaﬁcite as a support material in a
catal ystgfor oxidizing NNerr]Oto NJerr]. U S Patent 5. 171, 553,
assignedito Air Products and Chemicals. Inc., Allentown, Pennsylvania.
dlsclose$ a highly effi 'ent comercially viable process for renoving N20

from gaséous m xt urMai (OH M ebH @ al ysts conpris- ing a
crystall E‘ne zeolite | (;h ?@St bh Aé | s conposed of five nenbered

ri ngs haying a strl)’él!"tFPéntype sel ected from the group consisting of BETA
MOR, MFlz: MEL and FER wherein the crystalline zeolite has been at | east

partially ion-
Mis Coz"', Cu2+, Ni2+, Pd2+, Mg2+ or mixtures thereof;

A is a mono-, di- or tri-valent anion which decomposes when
heated to a temperature sufficient to form a volatile gas;

m and n are such that m/n has values of 0.5 to about 6;

a is a number with the provisos that when A is a divalent anion,
a = 1/2n and when A is a trivalent anion a = 1/3n and

b is an integer having values of 1 to 10.

Throughout the Specification and Claims, Applicants shall use the
abbreviation, HT, for hydrotalcite. Since each trivalent cation has one more
positive charge than the divalent cation, the sheets gain one unit of positive charge
per each trivalent ion which charge is compensated by suitable anions such as
CO32' which are located interstitially. Water molecules may be situated betweéen
each metal ion sheet. The preferred ratio of M to Al according to the formula of
the preferred embodiment can be varied from 1.5 to 4 according to conventibnal

techniques known in the art.

While Mg-Al-HT is essentially inactive toward catalytic decomposition of
N, O, superior catalytic activity is obtained by utilizing the claimed catalytic
compositions wherein the enumerated divalent and trivalent cations are
incorporated into the anionic clay materials. Suitable divalent cations include
C02+, Cu2+, Ni2+, _sz'*', an'*', Fe2+, Mn2+, Mg2+ and mixtures thereof.
Suitable trivalent cations include Al3 +, Ga3 *+, In> +, Fe3+, Rh3+, Co’ + B3 +,
Cr3+, La3 +, Sc3 +, Y3 * and the rare earth metals including Ce3 +, Nd3+,
Pm3+, Sm3'*', Eu3+, Gd3+, Tb3+, Dy3+, Ho3"’, Er3+, Tm3+, Yb3+, Lu3+

and mixtures thereof. Preferred divalent cations include Coz"', Ni2+, Cu2+,
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exchange@w th a netal selected fromthe group consisting of copper,

cobal t. odium iridium rutheniumand palla- dium I ndustry urgently
desires @ develop catal ytic processes for destroying N20 em ssions prior
to venti commerci al process effluent streans into the atnobsphere.

Al t houghgcat al yti c deconposition of N err] Oghas been studi ed extensively in
academ cg nstinutions iew commercially viable processes are known for
deconposiégng Nferr]Ointo its respective com ponents. nanely gaseous

ni trogengand gaseous oxygen. which utilizes a catal yst which exhibits

activit y}a nd Hii‘g, P+ and Fe?™* and preferred trivalent cations include AB +, Ga> +,
Fe3+, Rb3 +, Co>t and La®*. Such divalent or trivalent cations can be

incorporated into the anionic clay materials by the methods described herein to

IR .
R XX SN ETY

form particularly active catalysts.

As shall be explained in greater detail, a portion of the divalent ion

LT . s
LT SR It IO W A T T

enumerated in the formulae of the general and preferred embodiments, such as
Mg2+ in Mg-Al-HT, can be completely or partially replaced by other divalent
cations such as copper, cobalt, zinc, iron, nickel or palladium. Optionally, a
portion of the aluminum atoms can be replaced by Cr, V, La, Rh and Fe to yield

active catalysts for NyO decomposition.

The active catalysts of the present invention are derived from layered

mixed metal hydroxides having a divalent ion which is partially substituted by

 trivalent ions whose excess positive charge is compensated by anions occupying the
interlayer positions. Techniques capable of preparing the anionic clay materials of
the general and preferred embodiments are available in the public domain. For
example, suitable methods include the synthetic techniques described by S. Miyata
and coworkers, Nippon Kagaku Zasshi 92 (1971) 514; ion exchange techniques
described by S. Miyata and coworkers, Clays Clay Miner. 31 (1983) 305; and
techniques involving neutralization of the respective carbonates described by D. L.
Bish, Bull. Mineral 103 (1980) 170.

[ TS PERTYPFY -..'.:.8. St -;t,.;ga_i;m ”M””‘u“ﬂ‘w m .

_ For example, Reichle (Solid States Ionics 22 (1986) 135) teaches several
25 methods for preparing anionic clay minerals suitable for practicing the enumerated
: process. A general method for preparing such materials involves mixing a

concentrated aqueous solution of the desired cationic metal sources (represented
by M2+ and M37 in the formula of the general and preferred embodiments) with

an aqueous hydroxide/carbonate solution to yield an amorphous gel which is
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thermally aged at a temperature between 60° to 325°C to provide an active catalyst

for processes other than N,O decomposition.

Alternately, the anionic clay materials of the present invention can be
prepared by conventional methods proposed by Reichle and coworkers (/. Catal,
94 (1985) 547) wherein desired metal nitrates are sequentially precipitated using a
NaOH/Na,CO4 mixture. The resultant precipitate is aged at 65°C for 24 hours
and is filtered, washed with distilled water and dried overnight at 70°C to provide

the desired anionic clay powder.

An alternate method for preparing the enumerated anionic clay materials,
in general, and HT, in particular, comprises adding a solution of mixed
magnesium/aluminum nitrates, sulphates or chlorides to a stoichiometric solution
of sodium hydroxide and sodium carbonate at about 25° to 35°C, while stirring
vigorously over a period of several hours to form a slurry. The shurry is heated to
about 50° to 200°C for 1 to 18 hours (preferably 60° - 75°C) in order to promote
crystallization. A practical mixing temperature ranges from about 65° - 75°C which
yields a crystal of about 150 -300 A in size having a surface area of 100-120 mz/g
(BET/N, technique). The resulting solids are recovered by filtering followed by
washing and drying.

The rate is which the metal ions are added to the aqueous caustic/
carbonate solution is not critical to preparing the materials nor is the reaction
temperature. The rate of addition can also be varied widely. However, the
solutions must be effectively agitated in order to preclude undesired reactions from
taking place. The addition temperature is normally maintained at or about room
temperature. The resulting gel material is aged at elevated temperatures, normally

less than 100°C, to form hydrotalcite crystallite.
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he catal ysts of the present invention.
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Applicants have discovered that the anionic clay materials should not be
washed excessively prior to heat treatment because such excessive washing results
in diminished catalyst activity. Applicants believe that excessive washing of the
anionic clay precursor removes alkali metal or alkaline earth metal from the
material. Applicants have further discovered that materials having diminished
alkali metal or alkaline earth metal content due to excessive washing can be
modified by adding small amounts of the depleted alkali metal salts or alkaline
earth metal salts to the material prior to calcination to provide a catalyst which
exhibits enhanced activity toward N,O decomposition. For example, sodium salts,

potassium salts, lithium salts and calcium salts can be used for this purpose.

The resulting materials represented by the formulae of the general and
preferred embodiments are heat treated at a temperature between about 150° and
800° preferably between 300° and 500°C, in air, an inert gas stream, in vacuo or in
situ in the presence of the N,O-containing stream to be decomposed to provide a
catalyst which possesses a well defined X-ray powder pattern. The heat treatment
temperature used to convert the anionic clay material to the active catalyst can be
varied widely. At femperatures less than about 200°C, the desired mixed metal
oxides are formed slowly and incompletely. The heat treatment temperature should
be selected to provide to control the extent to which the anionic clay material is

converted to active catalyst while maintaining acceptable surface area.

Preferred temperatures for heat treating a given anionic clay material
according to the present invention can be readily determined without undue
experimentation. Non-stoichiometric, well dispersed mixed metal oxides are
formed upon heat treating the enumerated anionic clay materials within the
specified temperature ranges. The heat treatment causes the mono-, di- and tri-
valent anions represented by "A" in the formula of the general and preferred

embodiments to decompose to a volatile gas thereby forming the active catalyst.
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BRI EF SUNARY OF THE | NVENTI ON The present invention is a catalytic

process f@#r renmoving N[ err] O from exhaust streanms which utilizes a catalyst
formed fr@mone or nore anionic clay nminerals, which after appropriate heat

activati off, provide superior NO deconposition activity. The process
conprisesgreacting an N err] O containing stfgeamin the presence of an

ef fecti vegganount of one or nore of the enunerated catal ysts under
conditiong sufficient to convert the Nferr]O to gaseous nitrogen and
gaseous y- gen. The catal ysts according to the present i nvention are

formed bygheat t reaﬂ@?inoengatgfys rrl%v?d&rs“o rt‘z'n%eﬁ Xorrgﬁng {o ﬁxese ‘méthods can be

supported on conventional inorganic supports such as clays, alumina, silica,

:
<F
“
B

silica/alumina, titania, zeolites or cordierite. The powders can be formed into
pellets or extruded to form particles which are wear and impact resistant and can

~ function effectively in fixed-bed reactors. Conventional binders and other additives

”
e

[ )

can be added to the catalyst to aid in the forming process.

R,

The process for destroying nitrous oxide comprises contacting a gaseous
mixture containing nitrous oxide with a desired catalyst according to the present
invention under conditions sufficient to convert the nitrous oxide to gaseous
nitrogen and gaseous oxygen. The amount of catalyst to be utilized in the present
process varies depending upon the reaction conditions (i.e., temperature, pressure
and the like), and the amount of N,O residing in the process stream to be treated.
Desirably, an effective amount of catalyst is used, i.e., that amount which causes a
reaction to occur when N, O is placed in contact with the enumerated catalysts
under the specified reaction conditions. The catalysts of the invention can be
fabricated onto high temperature supports known in the art including those

customarily used in mobile and stationary emission control applications.

s

The process of this invention can be utilized to remove N,O from
essentlally any gaseous stream containing NoO and the process is operative even
when appreciable amounts of hydrocarbons, NOx, water and oxygen are present in
the NyO-containing gaseous mixture. The process according to this invention is
typically run at temperatures ranging from about 100°C to 800°C and pressures
between about 0.1 and 100 atmospheres. However, higher temperatures may be
utilized because the maximum temperature for conducting the process is limited
only by the temperature stability of the catalyst itself. More particularly, tfxe

process can be advantageously run under fixed bed conditions at temperatures

PAIE S gt
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resent edjy the generic fornula: [err] ~ wherein - Mis a dival ent
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Nis atrivalent netal cation;

-13 -

ranging from about 100°C to 800°C and a gas hourly space velocity ranging from
1,000 to 300,000 hr"l, preferably 7,500 hr! to 30,000 hrl.

FIG. 1 illustrates conversion of N5O to gaseous nitrogen and oxygen
obtained as a function of time and temperature using a cobalt-aluminum
hydrotalcite catalyst which was calcined at 500°C according to the present
invention. FIG. 1 indicates that NO decomposition activity of the subject
catalysts is not markedly affected by exposure to a simulated water-containing N,O
process stream (15% N,O, 2% H,O and the balance helium) over a 30 hour
period. 0.25g of the catalyst was utilized at a space velocity of 18,000 hrl.

FIG. 1 also illustrates that conversion of NZO to gaseous nitrogen and oxygen
approaches 100% at a process temperature of 650°C and approaches 65% at a
process temperature of 475°C and that such a desired conversion level can be

achieved by adjusting the process operating temperature or space velocity.

FIG. 2 illustrates cdnversion of N5O to gaseous nitrogen and oxygen
obtained as a function of time using a cobalt-aluminum hydrotalcite catalyst which
was calcined at 500°C. A larger bed of catalyst was used in this experiment
compared to the experiment according to FIG.1. While the process temperature
was initially maintained at 500°C, the temperature of the catalyst bed increased to
about 670°C due to the exothermic nature of the reaction. FIG. 2 indicates that
activity of the subject catalyst was not markedly affected by oxygen or moisture in
N,O containing gaseous mixture over the 175 hour test period. The Process
stream contained 10% N5O, 2% H,0, 2% O, and the balance helium. FIG. 2
illustrates that conversion of N,O to gaseous nitrogen and oxygen approaches

100% at a process temperature of 670°C.

FIG. 3 illustrates the light off curves of the calcined cobalt hydrotalcite

catalyst of the present invention versus a Co-ZSM-5 catalyst in either trilobe or
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#no-, di- or trivalent anion whi ch. deconposes when heated to a

Ais af

tenper 4fure sufficient to forma volatile gas; m and n aré such

t hat nij@ has values of 0.5 to about 6; a is a nunber with the provisos
t hat

BN A is a divalent anion, a = 1/ 2n n_d when Ais a trival ent ani on,
; ~and b is an integer havi'n% values of 1 to 10.

extrudate form. Experiments were conducted using a feed stream containing 10
N5O, 2% water, 2% oxygen and the balance nitrogen. Reactor pressure was
maintained at 10 psig and gas hourly space velocity was maintained between 16,000
and 18,000 hrl. The Co-ZSM-5 catalysts are presented in U.S. Patent 5,171,553,
issued December 15, 1992, and assigned to Air Products and Chemicals, Inc.,
Allentown, Pennsylvania, U.S.A. While the subject hydrotalcite catalyst and Co-
ZSM-5 catalyst provide high conversion of NoO to gaseous nitrogen and oxygen,
the calcined hydrotalcite catalyst demonstrates a light off temperature at least 75°C
lower in temperature than Co-ZSM-5. The lower light off temperatures for the
catalysts of the present process compared to prior art catalysts represents a
significant process advantage in that energy requirements are reduced and less

% wear and stress are placed upon process equipment.

FIG. 4 demonstrates that surface area of the catalysts according to the
present process is substantially affected by heat treatment temperature employed
during preparation of such catalysts. The data demonstrate that the optimum heat
treatment temperature for achieving maximum surface area varies depending upon
catalyst composition. For example, ﬁmximum surface area for Ni-Al hydrotalcite is
achieved using a heat treatment temperature of about 220°C while maximum
surface area for Co-Al hydrotalcite is achieved using a heat treatment temperature
of about 320°C.

The following examples are provided to further illustrate various

embodiments of this invention and to provide a comparison between the

258} b

enumerated catalysts of this invention and prior art catalysts for destroying N>O

g residing in gaseous mixtures containing oxygen and/or water. The examples are
‘f% provided to illustrate the nature of the claimed process and are not intend'ed to
;& limit the scope of the claimed invention. Unless otherwise stated, parts and

3 percentages in the examples are given by volume.
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pro}ss Furthernore, the invention utilizes catalysts which provide
supé&rior conversion of Nferr]O to gaseous oxygen and nitrogen and extended
catélyst life. BRIEF DESCRIPTI ON OF THE DRAW NGS FIG 1 illustrates
conVerS| on of Nerr]O to gaseous nltro%gn and oxygen obtained as a function
of time and tenpera- ture using a clainmed N20 deconposi tion catal yst.

FI Gf 2 illustrates conversion of Nerr]O to gaseous nitrogen and oxygen

obt &l ned over extend tinme periods using a

GENERAL EXPERIMENTAL INFORMATION

. Inductively coupled plasma emission spectroscopy was used to analyze for

M2+ and M3t and Na™. X-ray diffraction patterns of the samples were taken

5 using a Philips X-ray generator (Model PW1130) using CuK, radiation

: (A = 15418 A except for Co-containing compound wherein CoK , radiation (A =
1.7902 A) was used. TGA of these compounds were recorded on a Perkin-Elmer
TGAT7 instrument at temperatures ranging from 50-900°C at a heating rate of
20°C/min., under nitrogen atmosphere. The BET surface area of the catalyst

0 powders was measured using a Carlo-Erba (Model 1800) sorptometer at 77°K.

EXAMPLE 1
PREPARATION OF COBALT-ALUMINUM HYDROTALCITE
HAVING A Co/Al MOLAR RATIO OF 2.0

A solution of 58.21g-(0.20 mol) cc;balt nitrate hexahydrate and 37.5g
(0.10 mol) of aluminum nitrate nonahydrate in 70 cc of distilled water was added
dropwise (over a 4-hour period at room temperature) to a solution containing
28.87g (0.70 mol) 97% NaOH, 20.03g (0.189 mol) sodium carbonate and 2.2 mol

distilled water. The precipitate was stirred for 30 minutes, heated to 65°C for

g e U B

16 bours, filtered, washed with large amounts of distilled water to remove excess
A sodium and nitrate, and dried at 110°C. 54.7% Co by weight, 11.2% Al by weight,
Co/Al (atom) = 2.23, d(003) =7.58A.

XRD and IR confirmed that the compound prepared is single phase in
nature with hydrotalcite-like structure. XRD showed sharp and symmetric

-

reflections for (003), (006) and (110) planes indicating crystallinity characteristic of

clay minerals possessing a layered structure. TGA studies showed two stages of
weight Josses. The first weight loss occurring between 150° and 200°C and the
second occurring between 225° and 275°C. This result was substantiated by
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cobal t - ¢
area of
cat al yst

cprhite 1o b1 il SR Wi

[ err] O deconposition catal yst. "FIG 3 illustrates conversion
gaseous nitrogen and oxygen obtai hed as a function of tine using
N20 deconposition catal yst versus specified prior art

ntaining zeolite catalysts. FIG 4 illustrates the surface

arious cal cined anionic clay materil@l-s obtained as a function of

cal - cination tenperature. DETAILED DESCRI PTI ON OF THE | NVENTI ON

differential scanning calorimetry results which showed two endothermic peaks

corresponding to the two weight losses.

EXAMPLE 2
PREPARATION OF NICKEL-ALUMINUM HYDROTALCITE

HAVING A Ni/Al MOLAR RATIO OF 2

A solution of 58.16g nickel nitrate hexahydrate and 34.51g of aluminum
nitrate nonahydrate in 140 cc of distilled water was added dropwise (over a 4-hour
period at room temperature) to 228 cc solution of 28.87g 97% NaOH and 20.03g
sodium carbonate while maintaining the temperature at or below room
temperature. The precipitate was stirred for 30 minutes, heated to 65°C for
16 hours, filtered, washed with large amounts of distilled water to remove excess
sodium and nitrate, and dried at 110°C. 56.1% Ni by weight, 13.1% Al by weight,
Ni/Al (atom) = 1.97; d(003) = 7.55 A.

EXAMPLE 3 -
PREPARATION OF COPPER-ALUMINUM HYDROTALCITE
HAVING A Cu/Al MOLAR RATIO OF 2.0

A solution of 23.26g cupric nitrate pentahydrate and 18.76g of aluminum
nitrate nonahydrate in 140 cc of distilled water was added dropwise (over a 3-hour
period at room temperature) to a 114 cc solution of 14.44g 97% NaOH and 10.02g
sodium carbonate while- maintaining the temperature at or below room
temperature. The ]ﬁrecipitate was stirred for 60 minutes, heated to 65°C for
18 hours, filtered, washed with large amounts of distilled water to remove excess
sodium and nitrate, and dried at 110°C. 66.0% Cu by weight, 12.6% Al by weight,
Cu/Al1=2.22.
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invention relates to a highly efficient catalytic process for

ng nitrous oxide (N20) into environ- nmentally safe products namnel y
# oxygen and gaseous nitrogen. The clained process utilizes catal ysts
g fromone or nore anionic clay mnerals, which after appropriate

# ivation, provide superior catalytiXactivity and |life under typical
& conditions. Moreover, the process can be operated at | ower

% ures than processes using other catalysts and the catal ysts used in
X ess exhibit extended catal yst life. The catal ysts according to

i nvention are formed by hegKAMPBBEI41g or cal cining one or nore

' § day "BRePhRATIOR O FCOBALP MAGNERIUN @ ALUMINUM HYDROTALCITE

R . G SRR S el Shgdind

|

HAVING A Co/Mg/Al MOLAR RATIO OF 2/1/1

A solution containing C02+, Mg2+ and AR was made by dissolving
29.1g Co(NO3),6H50 (0.1 mol), 12.8g Mg(NO3),6H,0O (0.05 mol) and 18.8g
(A}(NO3)39H,0O (0.05 mol) in 75 ml of deionized water at room temperature. A
second solution was made by dissolving 14g NaOH (0.35 mol) and 10.6g Na,;CO4
(0.1 mol) in 100 m] of deionized water at room temperature. The second solution
was slowly added (drop-by-drop) to the first solution at room temperature in a
period of 1 hour with a vigorous stirring. The final pH of the precipitate
suspension was 10. The precipitates were aged at 65°C for 18 hours with a good
mixing. The resulting product was then filtered, washed with 300 ml of water in a
beaker and filtered again. Finally, the material was dried in an oven at 110°C in
air overnight. The yield was 18.0g. The anionic clay material prepared according .
to this method corresponds to the formula of the preferred embodiment wherein
M is a mixture of cobalt and magnesium. Elemental analyses of this sample show
30.7% Co by weight, 6.05% Mg by weight and 7.12% Al by weight. The molar
ratio of Co/Al=1.97 and Mg/Al=0.94. The d(003) spacings were found to be
7.69A by X-ray diffraction.

EXAMPLE 5
PREPARATION OF COBALT-RHODIUM. ALUMINUM HYDROTALCITE

HAVING A Co/Rh/Al MOLAR RATIO OF 2/0.2/1

A solution of 1.0g (10% Rh) rhodium nitrate, 28.81g cobalt nitrate
hexahydrate and 18.76g of aluminum nitrate nonahydrate in 114 cc of distilled
water was added dropwise (over a half-hour period at room temperature) to a
114 cc solution of 14.44g 97% NaOH and 10.02g sodium carbonate while
maintaining the temperature at or below room temperature. The precipitate was
stirred for 2 hours, heated to 65°C for 18 hours, filtered, washed with large
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amounts of distilled water to remove excess sodium and nitrate, and dried at
110°C. The anionic clay material prepared according to this method corresponds
to the formula of the preferred embodiment wherein M is cobalt and a portion of
the aluminum has been replaced by rhodium. 58.3% Co by weight, 11.9% Al by
weight, Co/Al=2.24, Rh/Al=0.016; d(003) = 7.54A.

EXAMPLE 6
CATALYTIC DECOMPOSITION OF N,0O OVER
CALCINED ANIONIC CLAY CATALYSTS

The following general procedure was utilized for catalytically converting
N,O to gaseous nitrogen and gaseous oxygen over the catalysts of the present
invention. The reactor is was a Quartz, "U" tube having an inlet of 1/4" O.D. and
an outlet of 3/8" O.D., wherein the catalyst was located at the outlet section.
Typical catalyst weight used in these tests was 0.1 gram. The GHSV was
30,00011‘1. The reactor was surrounded by a temperature-controlled furnace and
the temperature v:ras monitored by a J-type thermocouple which was in contact
with the catalyst bed. The concentration of N5O was 985 ppm balanced by He.
Oxygen (2.5%) was added for some runs. H,O (2%) was added to the feed via a
H,O saturator, and the level of H,O added can be controlled by adjusting the

temperature of this saturator.

The activity measurements were made using a microcatalytic reactor in a
steady-state flow mode. Product analysis was obtained using an on-line gas
chromatograph with a thermal conductivity detector. The separation column was
packed Porapak Q (80/100 mesh) and was 4 feet long having a 1/8" outer diameter.
Chromatograph oven temperature was 25°C and the flow rate of the carrier gas

was 30 cm3/min.
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N,O decomposition experiments were carried out at ambient pressure and
0.1g of catalyst in a plug-flow reactor was used for each run. The flow rate of the
feed was 100 cm3/min and remained constant resulting in a gas hourly space
velocity (GHSV) of 30,000 b, The reaction temperatures studied ranged from
200° to about 800°C. The catalysts studied were dried for one hour at 500°C over

a helium stream prior to use.
PRESENTATION OF DATA

The catalysts according to Examples 1 through 5 and various prior art
catalysts were tested according to the procedure of Example 6 for catalytic
decomposition of N5O in the presence of oxygen. Reaction conditions were
maintained constant using a feedstream of 0.1% N,O and 99.9% helium. A N,O-
containing gaseous mixture containing 2.5% oxygen and 2% H,O was used as a
feedstream in order to determine the effect of oxygen and water on
catalyst activity.

The results presented in Table 1 compare reaction conversion of N,O to
gaseous nitrogen and oxygen obtained using calcined cobalt-aluminum hydrotalcite
catalysts having varied ratios of cobalt and aluminum cation as a function of |
temperature. Runs 1 through 5, prepared according to the method of Example 1,
present materials having a Co/Al ratio ranging from 1.1 to 3.55 which were used to
decompose N,O residing in a helium stream containing 985 ppm N,O and
alternately, 2.5% oxygen or 2.5% oxygen and 2% water vapor. The results
demonstrate that N,O conversion for each of the runs increases with increasing
reaction temperature with the best results obtained according to Run 4 which
exhibits 84% N,O conversion at a reaction temperature of 450°C. Runs 3 through
5 demonstrate that the presence of oxygen or oxygen and water vapor in the N>O-

containing gaseous mixture diminishes N,O conversion.
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are such that mn has values of 0.5 to about 6 . ais a nunmber
provi sos that when Ais a di val enit ani on, ‘a = 1/2n ‘and when Ais a
t anion a = 1/ 3n and b is'an5integer havi ng values of 1 to
The resulting heat treated anionic day materials possess a
i on and nor phol ogy which is highlyzhctive t owar d deconposi ng
into its correspondi ng deconposition products, gaseous oxygen and
The anionic clay materials recited in the above-nentioned fornul a
but are not limted to materials commonly referred to as
Table 2 illustrates the effect of calcination temperature on catalyst activity

for NpO decomposition using a cobalt aluminum hydrotalcite catalyst having a
Co/Al ratio of 2.2. Runs 6 through 8, prepared according to the method of
Example 1, were used to decompose N, O residing in a helium stream containing
985 ppm N, O and alternately, 2.5% oxygen or 2.5% oxygen and 2% water vapor.
The results demonstrate that N,O conversion is maximized when the subject
catalyst is calcined (heat treated) at a temperature ranging from 400° to 500°C.
Runs 6 and 7 demonstrate that the presence of oxygen or oxygen and water vapor

in the N,O-containing gaseous mixture diminishes N,O conversion.
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|
hydrotal cites, siogrenites and pyroaurites which conpositions are well
defined and can be prepared according to neth- ods known in the art. The
tenperature required to deconpose the nono-, di- or trivalent anion, A to
forma volatile gas will vary deped@i mg upon the particular anionic clay
materi al and such tenperatures can be readily determ ned by one of ordinary

skill :in the art wi thout undue experinentation. Typical deconposition
tenperatures range from about 200 to 800[err]C. The deconposition
tenpetature is not critical to the practicing the invention. The

ani onic day minerals fromwhich the process catalysts are derived can be

prepafed synthetifcarty utifr=zimg—=ajvari ety of anions. Mreover, the
Merr}/Nerr] ratlio can bg varied pidely to achieve the desi r ed cat al yst
activity. The anifonic Qia)s m nerals of the present invention are converted
to an active‘%gtalytlvcnatggiég lay| heating the anionic clay materi al
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enperature sufficient to forma catalyst which exhibits N20

deconposition activity. Suitable heat treatnent tenper- atures vary

depen
about
noi et
con-

m xtu
gener
t echn
N20 d
Suita
Zn[ er
catio
Blerr

RTINS

i ng upon the particular anionic clay material and usually range from
200[err] C to about 800[err]C at Whlﬁj‘l tenperatures the anionic

es are deconposed to gaseous corrpounds The heat treatnment can be
ucted in air, inert gases, vacuumor in an N2[err]-containing gaseous
e. The preferred ratio of mto n according to the forrmula of the

al enbodi me can l?e vari ed fr@bi 0 4 accord- _ing to conventional
I ques known SrRresgRted in ‘hg; HRRATE TEARHAN 6ANVRTFIOR of Ny Qits

FCOTPQSLLEN #tiddén ddd/ oHiRR difncl s e

bl e d%\?al ent catglégnsﬂc?/ﬁ < LF%%%]EQ@?%%WE%I? &é 1§

], F@Pe;alpgllgwqm:er](}lmw)smlﬂedrmum M)urbsdmhe(lémﬁs ISWanIC))?)&aﬂd bwérent

1

1 s inc ? ng le) v sus LonverLz rc]btame[i usmg Co igM g (Run[ le3)

5 dlsclosed in U.S. Patent 5,171,553. The results demonstrate that the claimed
process provides excellent conversion of N5O to gaseous nitrogen and oxygen. In
particular, Run 17, a cobalt-rhodium aluminum hydrotalcite, prepared according to

Example 5, provides 100% conversion of N,O to gaseous nitrogen and oxygen at a

! process temperature of 300°C, a full 150° lower than the 450°C temperature

ho required for Co-ZSM-5 (Run 11) to yield comparable conversion. Moreover, Ni-
Al-hydrotalcite (Run 10) provides substantially the same conversion to N,O ata
process temperature of 450° when in the absence or presence of oxygen and water.
When APT is partially replaced by La3+t (Al/La = 1) (Run 19), the resulting
material, Co-Al, La-HT, shows significantly high activity at low temperature (79%
?s at 300°C).

heet Has Been Replaced

T




uabAxo 9,5'2 pue 191em %2 YIm o

= ©
= m_ . w = uabAxo %5'g yum q
Sl 2 "ujw/o0 001 = o ‘sjdures B1°0 'aH U] OSN wdd gge :suolPUOD isa), e
>
. . D a.
—— S %6 0L 144 L2 el QoS WS UG k=IVuZ/0D  LHIVUZ 0D 02
225 F D0 001 86 26 6. 00S - - HUy=yfeifod . IH-IV ‘') 6!
L o p
8 T RTYN (2h' q2v) 1L 8¢ 9l 6 005 UH %M 0°} 1HIV ‘ng-00 81
O)— N =
2 Bo (429 A _
S~ pP%IN  (j001'q00Ho0r oo} VIN ~Jool 00s 6L} U %M L0 1H1V ‘'ug00  Z1
SO Lam  (esigeelool 86 2L 9g 00s UH %M ED  LHIV U400 ol .
©
“oel e I b L 1 008 2e=Iv/Bn IHIv-BN st &
T2 RN (,62'426)001 6 09 o€ 00S €6 Wy [e=IV/BN/0D  IH-IV-BW'0D  bi o
ES8L N sz €S ve el 00S 00} 0'€=Iv/0D 1HIV-00 €l T
— o 4= Bulll.ll‘l
= SpbgE S0°0=IV/pd @ —
i ALY 06 69 L2 b 008 2ol 61'2=Iv/0D iH1v-Pd'oD 2l ==
E b O —
mmd DWIN (52 2eles 65 8l 8 £5°0=Iv/0D SWSZ-00 1} ——
5 GEYIN  (,6626)s6 929 2 2! 008 6v1 0'e=IV/IN IHIVIN - ot 2
2 TTE I8 8b be 2 ot 05 - 02=Iv/nQ IHV-ND 6
— OO O ©
——|-9,008 .05t 0.000 0,086  D,00€ () . B/yw _
COoJE= m dway wmm< uopisoduwion 1shjeten uny
¢ . EEY (%) uogssenuon 0°N eujpley 139 1shered
— — aQ
Tos85% 2
8 228 o guonisodwoosaqg Q°N uj
: W.”wl% = suojjisodwon snojep 103 AjAjoY 1shjeien
©
O )]
T o H;M m” B "
BEESZS




'IiVIis Co[err], Cul[err], N[err], Plerr], M[err] or mxtures t her eof : A
i's a 'nmono-, di- or tri-valent anion which deconposes when heated to a

tenperature sufficient to forma volatile -~ gas: m and n are such
that min has values of 0.5 to about 6: a is a nunber with the provisos
that when Ais a divalent anion, a =21f2n and when Ais a trivalent anion a
= 113n and . b is an integer having values of 1 to 10.

The enumerated catalysts of the present invention provide several
improvements over prior art processes for removing NoO from combustion
processes. First, the claimed catalysts are unexpectedly more active at lower
process operating temperatures than prior art catalysts in converting N5O to

5 nitrogen gas and oxygen gas. Second, the catalysts are not significantly deactivated

in the presence of oxygen or water in the process feedstream.

Having thus described the present invention, what is now deemed appropriate

for Letters Patent is set forth in the following Claims.
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Throughout the Specificaton-and C ains, Applicants shall use the

abbreviation, HT. for hydrotalcite. Since each tri- valent caton has one
nmare positive charge than the dival ent: caton, the sheets-gai-n--one unit

positive charge per each trivalent ion whi ChhiCHel8ad She ensdat ed by

sui tabl e ani ons such as CO82 whichr a e | ocate ~Sbl P vater nol -
ecul es may be situated between each netal ionruﬂmﬂ erred ratio of
Mto Al according to the formula of the prefe [ can be varied
from1l.5 to 4 according to conventional techniques known in the art.

Whi | e WlB-oldintslT i s essentially inactive toward catal ytic deconposition of
N20. superior catalytic activity is obtained by utilizing the clained

cat al yti ¢ leopRrecesniorupmaying Nﬁ@ frommen AN x-containing gasadus mivarent cations

‘are i ngRlRUoRipiites reacting the N,O-containing gaseous mixture in the presence of a

catalyst under conditions sufficient to convert the N,O to gaseous nitrogen and

L5 gaseous oxygen, wherein the catalyst comprises an anionic clay material

b

represented by the formula MmNn(OH)(Zm + 2n)Aa' BH,O
wherein
M is a divalent metal cation;

N is a trivalent metal cation;

10 A is a mono-, di- or trivalent anion which decomposes when heated to a

temperature sufficient to form a volatile gas;
m and n are such th'at m/n has values of 0.5 to about 6;
a is a number with the provisos that when A is a divalent amnion,
= 1/2n and when A is a trivalent anion 2 = 1/3n and

15 b is an integer having values of 1 to 10

which anionic clay material is heated to the temperature sufficient to cause A, the

mono-, di- or trivalent anion, to decompose to form the volatile gas.

20 2. The process according to Claim 1 wherein the anionic clay material is

heated to a temperature ranging from 200°C to 800°C to form the catalyst.

3. The process according to Claim 1 wherein the reacting is conducted at a
temperature ranging from 100° to 800°C and pressures ranging from 0.1 to 300

S atmospheres.

4. The process according to Claim 1 wherein the reacting is conducted at a
temperature ranging from 100° to 800°C and a gas hourly space velocity ranging
from 1,000 to 300,000 hr-l.

T



into the anionic clay materials. Suitable divalent cations include Co[err],

Culerrl,-Ni-[errt, "Pd[err], Zn[err], ‘Fe[err],-M[err], M.err] and m xtures
\thereof U|t |g°eeERbM§éeGnt cations include Al [err], Gaferr], Inf[err],

Fe[err r] Blerr], Cr[err], La[err], Sc[err], Y[err] and
t he rare ncI udi ng Oe[érr] Nd[err] Pn{err], Smerr],
Eu[err], r], Dy[err], Ho[err], Er[err], Tnferr], Yb[err],

Lu[err] and mx- tures thereof. Preferred divalent cations include Co[err],

Ni[err], Cu[err], Pdlerr], Zn[err] and Fe[err] and preferred trivalent

cations ingl ydq ﬁi‘Jc%s’%ccofﬁ& S]Claﬁx?[l% lre ﬁh:{s%fe]c acﬁfbﬁa’é]tﬁo e B Shgalerrl.
?

Such di val€nt “or 2 ani oni ¢

cl ay rraéﬁsmigSobE h | | ¢ ”lﬁeBd Eb@h H'e;rMn * gag it rarbFet € uded N’%saCLI ve
cata ysts sha e expl ai ne orti of the
G val Spelertsd fsomibieosroupi soneREng of AlP & C%'rﬁ@ > or A Bb Toreer v ed
enbodi goR Scr$blcﬁa31-$ er r]d +\Vg- Al - HT, can be conpletely or partially
repl aced By ot her di ¥alent ™ cafi oris

5

6. The process according to Claim 1 wherein N is selected from the group
. consisting of Ce>t, N&>+, Pm3t, sm3*+, Eud+, Ga®+, o3+, Dy, Ho3,
. EFT, Tm3%, Y3 and Lud3t.

| 10 7. The process according to Claim 1 wherein the ratio of m to n recited in the

formula ranges from 1 to 4.

8. A process for removing N,O from an N,O-containing gaseous mixture
which comprises reacting the NyO-containing gaseous mixture in the presence of a
s catalyst under conditions sufficient to convert the NO to gaseous nitrogen and
gaseous oxygen wherein the catalyst comprises an anionic clay material represented

3+ .
by the formula MmAI n(OH)(zm + zn)Aa szO

wherein
M is Co?t, Cu?t, Ni2t, Pdt or Mg?+;
B A is a mono-, di- or tri-valent anion which decomposes when heated to

a temperature sufficient to form a volatile gas;
m and n are such that m/n has values of 0.5 to about 6;

a is a number with the provisos that when A is a divalent anion,

} = 1/2n and when A is 2 trivalent anion a = 1/3n and
4

b is an integer having values of 1 to 10;

which anionic clay material is heated to the temperature sufficient to cause A, the

mono-, di- or trivalent anion, to decompose to form the volatile gas.

A
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such as copper, cobalt, zinc, iron, nickel or palladium Optionally,~a™ "
portlon of the al um num at ons can be r epl aced: by C:r \fhisleheetRihsaen Repib&d

yi‘eld active catalysts for N err] O deconposition. @ H“ll“"l ml Il l"

- 3 -
9. The process according to Claim 8 wherein the anionic clay material is

heated to a temperature ranging from 200°C to 800°C to form the catalyst.

10. The process according to Claim 8 wherein the reacting is conducted at a

S temperature ranging from 100° to 800°C and pressures ranging from 0.1 to 300
atmospheres.

11. The process according to Claim 8 wherein the reacting is conducted at a

’ temperature ranging from 100° to 800°C and a gas hourly space velocity ranging
110 - from 1,000 to 300,000 hr'l.

12. The process according to Claim 8 wherein M as répresented in the
formula is copper.

15 13. The process according to Claim 8 wherein M as represented in the
formula is cobalt. |

14. The process according to Claim 8 wherein M as represented in the
formula is nickel.

20
15. The process according to Claim 8 wherein M as represented in the
formula is palladium and cobalt.
16. The process according to Claim -8 wherein M as represented in the

formula is cobalt and magnesium.

17. The process according to Claim 8 wherein M as represented in the
formula is cobalt and zinc.

R OO




18. The process according to Claim 8 wherein the anionic clay material is

cobalt-lanthanum aluminum hydrotalcite.

19. The process according to Claim 8 wherein the anionic clay material is

cobalt-rhodium aluminum hydrotalcite.
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The active catal ysts of the present invention are derived from|layered

m xed metal hydroxides having a divalent ion which is partially substit#ted
by trivalent ions whose excess positive charge is conpensated by anlong/’
loccupylng the interlayer positions. Techni ques capable of preparing the
‘anionic clay materials of the generall and preferred enbodi- nents are
available in the public domain. For exanple, suitable nmethods include the
'synthetic techni ques described by S. Myata and coworkers. N ppon Kagaku
Zasshi 92 (1971) 514. ion exchange techniques described by S. Myata and

coworkers, Cays Clay Mner. 31 (1983) 305; and techni ques invol ving
‘neutralization of the respective carbonates

ABSTRACT

The invention describes a highly efficient catalytic pollution control process for
removing N>O from gaseous mixtures. The process utilizes catalysts derived from
5 anionic clay minerals, which after appropriate heat activation, provide superior
N5,O decomposition activity. The catalytic process comprises contacting an
N,O-containing gaseous mixture with the decomposition catalyst under conditions

sufficient to convert the N,O into gaseous nitrogen and gaseous oxygen. The

e e gt -
wn

process catalysts are derived from anionic clay materials such as the hydrotalcites,
sjogrenites and pyroaurites.

0

Sheet Has Been Replaced’

R




described by D. L. Bish. Bull. Mneral 103 (1980) 170. For exanpl e,
Reichle (Solid States lonics 22 (1986) 135) teaches several nethods.for
preparing anionic clay mn- erals suitable for practicing the enunerated
process. A general nethod for preparing such materials involves mxing a
concentrat ed aqueous solution of the desired cationic netal sources

(represented by Merr] and Merr]

yi el d an anorphous gel which is thermally aged at a tenp®

to 325[err]C to provide an active catal yst for processes of
Alternately, the anionic clay materials

deconposi tion.
met hods proposed

i nvention can be prepared by conventi onal
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by Reichle and coworkers (J. Catal., 94 (1985) 547) wherein desired netal
nitrates are sequentially precipitated using a NaOH/ Na2C err] m xture. The
resultant precipitate is aged at 65[err]C for 24 hours and is filtered,
washed with distilled water and dried overnight at 70[err]C to provide the
desired anionic clay powder. An alternate nethod for preparing the
enunerated anionic clay materials, | egeral, and HT. in particular, com
prises adding a solution of m xed magnesiunfalum numnitrates. sul phates or
chlorides to a stoichionetric selution-of_sodi um hydroxi de and sodi um
carbonate at about 25[err] to §§ Ir C mhlle stirring vigorously over a

period of several hours to form GQMmdry is heated to about
50[err] to 200[err]Cfor 1 to 18 ny 60[err] - 75[err]C in
order to pronote crystalllzatlon 'xing t enper at ure ranges

- from about 65[err] - 75[err] C which ylelds a crystal of about 150 -300 A
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in size having a surface area of 100-120 n2/g (BET/N err] technique). The
resulting solids are recovered by filtering fol- |owed by washi ng and
drying. The rate is which the netal ions are added to the agueous
caustic/carbonate solution is not critical to preparing the mat er i-al-s -not- -
is the reaction tenperature. The rate of addition can alff

w dely. However, the solutions nust b gfﬁlectlvel y agitate ﬁgé e%n Replaced
precl ude undesi red reactions from t aki pl ace. The additi ﬂ"mt H "m’ i s
normal |y mai ntai ned at or about room tenperature. The resul

material is aged at el evated tenperatures. normally | ess than 1000C. to
formhydrotalcite crystallite. Appl i cants have di scovered that the
anionic clay materials should not be washed excessively prior to heat

treat-
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ment because such excessive washing results in di mnished catalyst

activity. Applicants believe that excessive washing of the anionic clay
precursor renmoves -alkali-—metal or alkaline earth netal fromthe material.
Appl i cants have furt ' &pvered that material s having di m ni shed

al kal i net alhigsh migéenqde%mtch metal content due to excessive washing can
be nodified b L\Mamunts of the depleted alkali netal salts or

al kal i ne eart o the matdd 4 prior to calcination to provide
a catal yst which exhibits enhanced activity toward N err] O deconposition.
For exanple, sodiumsalts. potassiumsalts, lithiumsalts and calciumsalts-
can be used for this purpose. The resulting nmaterials represented by
the formul ae of the general and preferred enbodi nents are heat treated at a
t enper ature between about 150[err] and 800[err], preferably between
300[err] and 500ggrr]C,__in air, an inert gas stream in vacuo
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UoaR-s o’
or in situin the presence of the N err] O containing streamto be
deconPosed to provide a catal yst which possesses a-wel'l-defined -X-ray--
powder paktefp.c:Hhe heat.; " treatnenttenperature: used to onvert', tHe "ani oni ¢
clay jateri.al;, to Lhe act Eve,__ At 3l yst can be vari ed a dely. At ____t_qmoer aturé‘s
| ess tJian,.about ZODIB Lyl “fesired mixed metyl oxides, fqrmed 510
and ifgol ! ,agn"ent tenperatureﬁh ul d'be to
provideg ‘ ent- whi ch™t he ani: onic¢tay AT
convert ) e catal yst--Wwht-t-ei mai nt ai ni ng accept abl e surface ar ea
Pr ef ért'ed- t'efper-at it es-for-. -heat..trpating a given-aniofii-ciel ay- matd(tal ,
according to the present invention can be readily deternitied without™ “undue—
experinmentati on Non st oi Chl orretrl C. wel | dispersed nm xed netal oxides are

Vivi| R 25 A I YSTE t hin the

specified terrper at OMPRMQHSG CﬂhbGﬁHﬁD MWCLAY MINERALS

TECHNICAL FIELD OF THE INVENTION

The present invention describes a highly efficient pollution control process
for catalytically converting nitrous oxide (N,O) into nitrogen gas and oxygen gas
which utilizes decomposition catalysts derived from anionic clay minerals, which

after appropriate heat activation, provide superior N,O decomposition activity.

BACKGROUND OF THE INVENTION

Nitrous oxide (N7O) is not commonly considered an atmospheric pollutant
and has not been considered a constituent of tlie gaseous pollutants collectively
referred to as nitrogen oxides (NO,) which have received wide attention as
pollutants harmful to the environment. However, recent studies indicate that NyO
in the Earth’s atmosphere may be increasing at a rate of about 0.2% per year and

‘that this increase appears to be caused by anthropogenic activity.

N,O is 2 major stratospheric source of NQ, is believed to be involved in
destroying the ozone layer and is recognized to be a green-house gas. Because

N5O has an atmospheric lifetime of approximately 150 years, researchers are

attempting to identify sources of'the pollutant and to limit further production of
the harmful gas. Recent reports sush as an article by Thiemens and Trogler,
Science, 251(1991)932 suggest that vari

contribute to the increased levels of N,O

s industrial processes significantly

und in the Earth’s atmosphere.

For example, nitrous oxide is a by-product\formed during the manufacture

of monomers used in pr_oddcing 6,6- and 6,12-nylon. proximately 1.24 X 107 kg
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causes the nono-, di- and trivalent anions represented by "A" in the
formula of the general and preferred enbodi nents to deconpose to a volatile
gas thereby form ng the active catal yst. The fine catal yst powders
obt ai ned according to these nethods can be supported on conventi onal

I norgani ¢ sup- ports such as clays, alumna, silica, silical/alumna,
titania, zeclites or cordierite. The powders can be fornmed into pellets or
extruded to formparticles which are we& -and i npact resistant and can
function effectively in fixed-bed reactors. Conventional binders and ot her
additives can be added to the catalyst to aid in the form ng process.

The process for destroying nitrous oxide conprises contacting a gaseous

ot e G ST L
t o gaseougpically formed by subjecting a dicarboxylic acid and a diamine to a condensation
polymerization reaction. The most widely used dicarboxylic acid, adipic acid, is
prepared primarily by oxidizing cyclohexane in air to form a cyclohexanol/
cyclohexanone mixture followed by oxidizing such mixture with HNO; to form
adipic acid and N5O. Thiemens and Trogler calculate that about 1 mol of N,O
per mole of adipic acid is formed as a side product in adipic acid processes.
Assuming that 2.2 x 109 kg of adipic acid are produced globally per year, about 1.5

1

x 1010 mol yr= of N,O by-product or 10% of the annual output of atmospheric

N, O can be attributed to this single process.

M. Schiavello and coworkers, (J. Chem. Soc. Faraday Trans. 1, 71 (8),
1642-8) studied various magnesium oxide-iron oxide and magnesium oxide-iron
oxide-lithium oxide systems as N,O decomposition catalysts. While magnesium
oxide-iron oxide samples which were fired in air and which contained MgFe;0y
demonstrated low activity, similar samples fired under reducing atmospheres and

containing FeZ+

in solid solution demonstrated greater activity. The researchers
concluded that Fe3+ ions in the ferrite phase are not catalytically active toward
the subject reaction whereas Fe3* jons contained in MgO together with LiT are

catalytically active when the ratio of lithium to iron is less than 1.

P. Porta and coworkers (J. Chem. Soc. Faraday Trans. 1, 74(7), 1595-603)
studied the structure and catalytic activity of Co, Mgy Al Oy spinel solid solutions
for use as catalysts in decomposing N, O into gaseous nitrogen and oxygen. The
catalytic activity per cobalt ion in various N,O decomposition catalysts was found
to increase with increasing dilution in MgO. The distribution of cobalt ions among
octahedral and tetrahedral sites in the spinel structure of Co Mg, AlLO, was
found to vary with temperature and the fraction of cobalt ions in octahedral sites

was found to increase with increasing quenching temperature. The researchers
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nitrdgen

and gaseous oxygen. The anount of catalyst to be utilized in the

present process varies depending upon the reaction conditions (i.e

t enper at

ure, pressure and the like), and the anount of N20 residing in the

process streamto be treated. Desirably, an effective anbunt of catalyst is

used, 1i.

e. that amount which causes a reaction to occur when N20 is pl aced

in contact with the enunerated catal ystg under the specified reaction
conditions. The catal ysts of the

concluded that catalyst activity generally increases as a greater amount of cobalt

ions is incorporated into octahedral sites in the structure.

W. Reichle (Journal of Catalysis 94 (1985) 547) reported that various
anionic clay minerals belonging to the pyroaurite-sjogrenite group, such as
hydrotalcite (MgGAIZ(OH)16(CO32‘)'4H20 can be thermally decomposed to form
a product which is a useful catalyst for vapor-phase aldol condensations.
Replacement of Mg by Fe, Co, Ni and Zn an/or replacement of Al by Fe and Cr
also results in isomorphous double hydroxides which, on heat treatment, are
rendered catalytically active. The reference also states that the activity of the
catalyst is strongly affected by the temperature at which the hydrotalcite

is activated.

U.S. Patent 5,171,553, assigned to Air Products and Chemicals, Inc.,
Allentown, Pennsylvania, discloses a highly efficient, commercially viable process
for removing NoO from gaseous mixtures. The process utilizes catalysts
comprising a crystalline zeolite which, at least in part, is composed of five
membered rings having a structure type selected from the group consisting of
BETA, MOR, MF1, MEL and FER wherein the crystalline zeolite has been at
least partially jon-exchanged with a metal selected from the group consisting of

copper, cobalt, thodium, iridium, ruthenium and palladium.

Industry urgently desires to develop catalytic processes for destroying N,O
emissions prior to venting commercial process effluent streams into the
atmosphere. Although catalytic decomposition of NyO has been studied
extensively in academic institutions, few 'commercially viable processes are known
for decomposing N, O into its respective components, namely gaseous nitrogen and
gaseous oxygen, which utilizes a catalyst which exhibits activity and life provided by

the catalysts of the present invention.
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BRIEF SUMMARY OF THE INVENTION

The present invention is a catalytic process for removing N7O from
exhaust streams which utilizes a catalyst formed from one or more anionic clay
minerals, which after appropriate heat activation, provide superior NoO
decomposition activity. The process compriées reacting an N,O-contzining stream
in the presence of an effective amount of one or more of the enumerated catalysts
under conditions sufficient to convert the N,O to gaseous nitrogen and

gaseous oxygen.

The catalysts according to the present invention are formed by heat

treating one or more anionic clay materials represented by the generic formula:

MNo(OH)2m + 2n)Aa’ PH20

wherein

M is a divalent metal cation;

N is a trivalent metal cation;

A is a mono-, di- or trivalent anion which decomposes when
heated to a temperature sufficient to form a volatile gas;

m and n a;'e such that m/n has values of 0.5 to about 6;

a is a number with the provisos that when A is a divalent anion,
a = 1/2n and when A is a trivalent anion, a = 1/3n and

b is an integer having values of 1 to 10.

Applicants’ process utilizes a family of catalysts which has not been
utilized for the subject NoO decomposition process. Furthermore, the invention
utilizes catalysts which provide superior conversion of N,O to gaseous oxygen and

nitrogen and extended catalyst life.
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BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 illustrates conversion of N,O to gaseous nitrogen and oxygen
obtained as a function of time and temperature using a claimed N,O

decomposition catalyst.

FIG. 2 illustrates conversion of N,O to gaseous nitrogen and oxygen

obtained over extend time periods using a claimed N,O decomposition catalyst.

FIG. 3 illustrates conversion of N5O to gaseous nitrogen and oxygen
obtained as a function of time using a claimed N,O decomposition catalyst versus

specified prior art cobalt-containing zeolite catalysts.

. FIG. 4 illustrates the surface area of various calcined anionic clay

materials obtained as a function of catalyst calcination temperature.

DETAILED DESCRIPTION OF THE INVENTION

The present invention relates to a highly efficient catalytic process for
' convertmg nitrous oxide (N,O) into environmentally safe products, namely gaseous
oxygen and gaseous nitrogen. The claimed process utilizes catalysts derived from
one or more anionic clay minerals, which after appropriate heat activation, provide
superior catalytic activity and life under typical process conditions. Moreover, the
process can be operated at lower temperatures than processes using other catalysts

and the catalysts used in the process exhibit extended catalyst life.
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I nvention can be fabricated onto high tenperature supports known in the art
I hcl udi ng those custonmarily used in nobile and stationary em ssion control
appl i cati ons. The process of this invention can be utilized to renove
Nerr]O fromessentially any gaseous stream containing N err] O and the
process is operative even when appreci abl e anounts of hydrocarbons, NOx,
wat er and oxygen are present in the N e6r{ O contai ni ng gaseous m xture. The
process according to this invention is typically run at tenperatures

rangi ng fromabout 100[err]C to 800[err] C and pressures between about 0.1
and 100 at nospheres. However, higher tenperatures may be utilized because

the maxi mum t enpeé datalydtd Scof@Rg 6 the HrefhrtREAGRRN 4r® fdrifiedesly ARy DYy the

tenperature stabil- ity of the catalyst itself. Mre particularly, the
process caeating edcalpmning oneloy mone amidoic ¢lax owterdals sepriisentadsbnuthe enper -
formula: '

MnNn(OH)2m + 2nyAa’ PHO
* wherein :

M is a divalent metal cation;

N is a trivalent metal cation;

A is a mono-, di- or trivalent anion which decomposes when
heated to a temperature sufficient to form a volatile gas;

m and n are such that m/n has values of 0.5 to about §;

a is a number with the provisos that when A is a divalent anion,

‘a = 1/2n and when A is a trivalent anion a = 1/3n and

b is an integer having values of 1 to 10.

The resulting heat treated anionic clay materials possess a composition
and morphology which is highly active toward decomposing N, O into its
corresponding decomposition products, gaseous oxygen and nitrogen. The anionic
clay materials recited in the above-mentioned formula include, but are not limited
to materials commonly referred to as hydrotalcites, sjogrenites and pyroaurites
wh'ich compositions are well defined and can be prepared according to methods
known in the art. The temperature required to decompose the mono-, di- or
trivalent anion, A, to form a volatile gas will vary depending upon the particular
2nionic clay material and such temperatures can be readily determined by one of
ordinary skill in the art without undue experimentation. Typical decomposition
temperatures range from about 200° to 800°C. The decomposition temperature is

not critical to the practicing the invention.
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atures ranging fromabout 100[err]C to 800C and a gas hourly space velocity
ranging from 1,000 to 300,000 hr[err] preferably 7.500 hr[err] to 30, 000
hrlerr]. FIG 1 illustrates conversion of N20 to gaseous nitrogen and
oxygen obtained as a function of time and tenpera- ture using a

cobal t-al um num hydrotal cite catal yst which was calcined at 500[err]C
according to the present invention. FIG/-1 indicates that Nerr] O

deconposi tion activity of the subject catalysts is not markedly affected by
exposure to a sinulated water-containing Nferr] O process stream (15%
Nerr]O 2% Herr]O and the bal ance helium over a 30 hour period. 0.25g of
the catal yst waheutnibhizedlayininefafdny WhesH the Hlocdss &ﬂglylafs[ﬁerclerﬁe@cajn al so

illustrates that conversign of N err]Oto gaseous nitrogen an
appr oac hes PISRRFS 4t t\fﬁﬁ‘f’&ég}é ytiliginges ¥eviey of amvos.eMomEoyar félpmﬂo'*'%hlé*'? 65% at
a procesg JLOnPbEWHEEdFidely to achieve the desired catalyst activity. The anionic
clays minerals of the present invention are converted to an active catalytic material
by heating the anionic clay material to a temperature sufficient to form a catalyst
which exhibits N)O decomposition activity. Suitable heat treatment temperatures
vary depending upon the particular anionic clay material and usually range from
about 200°C to about 800°C at which temperatures the anionic moieties are
decomposed to gaseous compounds. The heat treatment can be conducted in air,

inert gases, vacuum or in an N;O-containing gaseous mixture.

The preferred ratio of m to n according to the formula of the general
embodiment can be varied from 1 to 4 according to conventional techniques
known in the art. M can be any divalent cation which provides N,O decomposition

. activity upon heat treating the anionic clay material. Suitable divalent cations
include Co?*, Cu?+, N2+, a2+, Zn2+, Fe?+, Mn2+, Mg+ and mixtures
thereof. Suitable trivalent cations include AI3 +, Ga3 +, In3 +, Fe3 +, Rh3 +,
Co3+, B3+, Cr3+, I_.a3+, Sc3+, Y3+ and the rare earth metals including Ce3+,
Nd3"', Pm3+, Sm3+, Eu3+, Gd3+, Tb3+, Dy3"', Ho3+, Er3+, Tm3+, Yb3'*',
Lu3* and mixtures thereof.

According to a preferred embodiment, the process utilizes catalysts formed

by heat treating one or more anionic clay materials represented by the formula:
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475[err] C and that such a desired conversion | evel can be achi eved by

adj usting the process operating tenperature or space velocity. FIG 2
illustrates conversion of NJerr]O to gaseous nitrogen and oxygen obtai ned
as a function of tine using a cobalt- alum num hydrotal cite catal yst which
was cal cined at 500C. A |arger bed of catalyst was used in this experinent
com pared to the experinment according-8c FIG 1. Wile the process
tenperature was initially maintained at 500[err]C. the tem perature of the
catal yst bed increased to about 670[err]C due to the exotherm c nature of
the reaction. FIG 2 indicates that activity of the subject catal yst was

not markedly afyje e gen qr d Sty in N err] O containing gaseous
e e e o

m xture over th +p3{a? o8. TRe Process stream contained 10%
N err]O 2% H| evh€r€in 2% (Qerr] and the balance helium FIG 2 illus-

Mis C02+, Cu2+, Ni2+, Pd2+, Mg2+ or mixtures thereof;
A is a mono-, di- or tri-valent anion which decomposes when
heated to a temperature sufficient to form a volatile gas;
m and n are such that m/n has values of 0.5 to about 6;
a is 2 number with the provisos that when A is a divalent anion,
= 1/2n and when A is a trivalent anion a = 1/3n and

b is an integer having values of 1 to 10.

Throughout the Specification and Claims, Applicants shall use the
~ abbreviation, HT, for hydrotalcite. Since each trivalent cation has one more
positive charge than the divalent cation, the sheets gain one unit of positive charge
per eaéh trivalent ion which charge is compensated by suitable anions such as
CO32' which are located interstitially. Water molecules may be situated betwéen
each metal ion sheet. The preferred ratio of M to Al according to the formula of
the preferred embodiment can be v.aried from 1.5 to 4 according to conventi'onal

techniques known in the art.

- While Mg-Al-HT is essentially inactive toward catalytic decomposition of
N,O, superior catalytic activity is obtained by utilizing the claimed catalytic
compositions wherein the enumerated divalent and trivalent cations are
incorporated into the anionic clay materials. Suitable divalent cations include
C02+, Cu2+, Niz'*', Pd2+, Zn2+, Fez+, an”', Mg2+ and mixtures thereof.
Suitable trivalent cations include AP+, Ga3t, 13+, Fe3+, Rh3+, o3+, B3 *,
Cr3+, La3+, Sc3+, Y3+ and the rare earth metals including Ce3+, Nd3+,
pm3+’ Sm3+, Eu3+, Gd3+, Tb3+, Dy3+, H°3+, Er3+, Tm3"', Yb3_+, Lu3t

and mixtures thereof. Preferred divalent cations include C02+, Ni2+, Cu2+, _
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trates that conversion of N err]O to gaseous nitrogen and oxygen approaches
1°'00% at a process tenperature of 670[err]C FIG 3 illustrates the

|l ight off curves of the calcined cobalt hydrotalcite catal yst of the
present invention versus a Co- ZSM5 catalyst in either trilobe or
extrudate form Experinments were conducted using a feed stream contai ni ng
10 N[err] O 2% water, 2% oxygen and the9Bbal ance nitrogen. Reactor pressure
was nai ntained at 10 psig and gas hourly space velocity was nai ntai ned

bet ween 16, 000 and 18,000 hr[err]. The Co-ZSM5 catal ysts are presented in
U S. Patent 5.171.553. issued Decenber 15. 1992, and assigned to Air

Product s pyid- Ghglit calSFe? MCand HldfenbaWvalRaPBsHbYARicludd AR A G4 e the
subj ect hydrota él te %a_,':[ al yst ,and Co-ZSM 5 cat al yst provi de high donversion
of N err]f@g RhiEpC® land-Lag n Sndh elivajemt, ot trévaden tedatizahsivpdrtot al cite '

cat al yst denonstr at es light, off te rature at | east, 75[Lerr]C lL.ower in
t errpe%/- incorporatec? into t%e adonic clay maqpr?als HD)’ L%e metho%s desch;bec{ Lerem to

form particularly active catalysts.

* As shall be explained in greater detail, a portion of the divalent ion
enumerated in the formulae of the general and preferred embodiments, such as
Mg2+ in Mg-Al-HT, can be completely or partially replaced by other divalent
cations such as copper, cobalt, zinc, iron, nickel or palladium. Optionally, a
portion of the aluminum atoms can be replaced by Cr, V, La, Rh and Fe to yield

active catalysts for NoO decomposition.

The active catalysts of the present invention are derived from layered
mixed metal hydroxides having a divalent ion which is partially substituted by
trivalent ions whose exc'ess positive charge is compensated by anions occupying the
interlayér positions. Techniques capable of preparing the anionic clay materials of
the general and preferred embodiments are available in the public domain. For
example, suitable methods include the synthetic techniques described by S. Miyata
and coworkers, Nippon Kagaku Zasshi 92 (1971) 514; ion exchange techniques
described by S. Miyata and coworkers, Clays Clay Miner. 31 (1983) 305; and
techniqueé involving neutralization of the respective carbonates described by D. L.

Bish, Bull. Mineral 103 (1980) 170.

For example, Reichle (Solid States Ionics 22 (1986) 135) teaches several
methods for preparing anionic clay minerals suitable for practicing the enumerated
process. A general method for preparing such materials involves mixing a
concentrated aqueous solution of the desired cationic metal sources (represented
by M2+ and M:’_'*' in the formula of the general and preferred embodiments) with

an aqueous hydroxide/carbonate solution to yield an amorphous gel which is
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ature than Co-ZSM 5. The |ower light off tenperatures for the catal ysts of
t'he present process conpared to prior art catalysts represents a
significant process advantage in that energy requirenents are reduced and
| ess wear and stress are placed upon process equi pnent FIG 4
denonstrates that surface area of the catal ysts according to the present
process is substantially affected by hdft- treat nent t enper at ure enpl oyed
during preparation of such catalysts. The data denobnstrate that the optinum
heat treatnment tenperature for achieving maxi num surface area varies
dependi ng upon catal yst conposition. For exanple, maxi num surface area for
Ni - Al hygeenally iagedia$ aatdmperathrediatyeean 1603 to B26%E te protidenaar ative eatdlystbout
e,area for Co-Al hydrotalcite is achieved

220 C whi | ' f
seing o WEBToRREER AR WaRRIadreonthost 320 or 1] C

Alternately, the anionic clay materials of the present invention can be
prepared by conventional methods proposed by Reichle and coworkers (/. Catal,
94 (1985) 547) wherein desired metal nitrates are sequentially precipitated using a
NaOH/Na,CO4 mixture. The resultant precipitate is aged at 65°C for 24 hours
and is filtered, washed with distilled water and dried overnight at 70°C to provide

the desired anionic clay powder.

An alternate method for pi'eparing the enumerated anionic clay materials,
in general, and HT, in particular, comprises adding a solution of mixed
magnesium/aluminum nitrates, sulphates or chlorides to a stoichiometric solution
of sodium hydroxide and sodium carbonate at about 25° to 35°C, while stirring
vigorously over a pen’éd'of several hours to form a slurry. The slurry is heated to
about 50° to 200°C for 1 to 18 hours (preferably 60° - 75°C) in order to promote
crystallization. A practical mixing temperature ranges from about 65° - 75°C which
yields a crystal of about 150 -300 A in size having a surface area of 100-120 mzlg
(BET/N, technique). The resulting solids are recovered by filtering followed by
washing and drying.

The rate is which the metal ions are added to the aqueous caustic/
carbonate solution is not critical to preparing the materials nor is the reaction
temperature. The rate of addition can also be varied widely. However, the
solutions must be effectively agitated in order to preclude undesired reactions from
taking place. The addition temperature is normally maintained at or about room
temperature. The resulting gel material is aged at elevated temperatures, normally
less than 100°C, to form hydrotalcite crystallite.
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The follow ng exanples are provided to further illustrate various

enbodi nents of this invention and to provide a conparison between the
enunerated catalysts of this invention and prior art catalysts for
destroying N err]Oresiding in gaseous m xtures contai ni ng oxygen and/ or
wat er. The exanples are provided to illustrate the nature of the clained
process and are not intended to limt tﬁg scope of the clainmed invention.
Unl ess otherw se stated, parts and percent- ages in the exanples are given
by vol une. GENERAL EXPERI MENTAL | NFORMATI ON

Applicants have discovered that the anionic clay materials should not be
washed excessively prior to heat treatment because such excessive washing results
in diminished cé.talyst activity. Applicants believe that excessive washing of the
anionic clay precursor removes alkali metal or alkaline earth metal from the
material. Applicants have further discovered that materials having diminished
alkali metal or alkaline earth metal content due to excessive washing can be
modified by adding small amounts of the depleted alkali metal salts or alkaline
earth metal salts to the material prior to calcination to provide a catalyst which
exhibits enhanced activity toward N,O decomposition. For example, sodium salts,

potassium salts, lithium salts and calcium salts can be used for this purpose.

The resulting materials represented by the formulae of the general and
preferred embodiments are heat treated at a temperature between about 150° and
800°, preferably between 300° and 500°C, in air, an inert gas stream, in vacuo or in

situ in the presence of the N, O-containing stream to be decomposed to provide a
catalyst which possesses a well defined X-ray powder pattern. The heat treatment
temperature used to convert the anionic clay material to the active catalyst can be
varied widely. At femperatures less than about 200°C, the desired mixed metal
oxides are formed slowly and incompletely. The heat treatment temperature should
be selected to provide to control the extent to which the anionic clay material is

converted to active catalyst while maintaining acceptable surface area.

Preferred temperatures for heat treating é given anionic clay material
according to the present invention can be readily determined without undue
experimentation. Non-stoichiometric, well dispersed mixed metal oxides are
formed upon heat treating the enumerated anionic clay materials within the
specified temperature ranges. The heat treatment causes the mono-, di- and tri-
valent anions represented by "A" in the formula of the general and preferred

embodiments to decompose to a volatile gas thereby forming the active catalyst.
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I nductively coupl ed pl asma em ssion spectroscopy was used to anal yze for
Merr] and Merr] and Na[err]. X-ray diffraction patterns of the sanples
were taken using a Philips X-ray generator (Mdel PW130) using CuK[err]
radiation ([err] = 1.5418 A except for Co-containing conpound wherein
CoK[err] radiation ([err] = 1.7902 A) was used. TGA of these conpounds were
recorded on a Perkin-El ner TGA7 instrungnt at tenperatures ranging from
50-900[err]C at a heating rate of 20[err]C m n., under nitrogen atnosphere.
The BET surface area of the catal yst powders was neasured using a

Carl o- Erba (Mbdel 1800) sorptoneter at 77[err] K

The fine catalyst powders obtained according to these methods can be
supported on conventional inorganic supports such as clays, alumina, silica,
silica/alumina, titania, zeolites or cordierite. The powders can be formed into
pellets or extruded to form particles which are wear and im'pact resistant and can
function effectively in fixed-bed reactors. Conventional binders and other additives

can be added to the catalyst to aid in the forming process.

The process for destroying nitrous oxide comprises contacting a gaseous
mixture containing nitrous oxide with a desired catalyst according to the present
invention under conditions sufficient to convert the nitrous oxide to gaseous
nitrogen and gaseous oxygen. The amount of catalyst to be utilized in the present
process varies depending upon the reaction conditions (i.e., temperature, pressure
and the like), and the amount of NZO residing in the process stream to be treated.
Desirably, an effective _amouﬁt of catalyst is used, i.e., that amount which causes a
reaction to occur when N,O is placed in contact with the enumerated catalysts
under the specified reaction conditions. The catalysts of the invention can be
fabricated onto high temperature supports known in the art including those

customarily used in mobile and stationary emission control applications.

The process of this invention can be utilized to remove N,O from
esséntialiy any gaseous stream containing N»O and the process is operative even
when appreciable amounts of hydrocarbons, NOx, water and oxygen are present in
the N5O-containing gaseous mixture. - The process according to this invention is
typically run at temperatures ranging from about 100°C to 800°C and pressures
between about 0.1 and 100 atmospheres. However, higher temperatures may be
utilized because the maximum temperature for conducting the process is limited
only by the temperature stability of the catalyst itself. More particularly, the

process can be advantageously run under fixed bed conditions at temperatures
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ranging froz about 100°C to 800°C and a gas hourly space velocity ranging from
1,000 to 302.000 hrl, preferably 7,500 hr™! to 30,000 hr L.

FIG. 1 illustrates conversion of N,O to gaseous nitrogen and éxygen
obtained as a function of time and temperature using a cobalt-aluminum
hydrotélcite catalyst which was calcined at 500°C according to the present
invention. FIG. 1 indicates that NoO decomposition activity of the subject
catalysts is not markedly affected by exposure to a simulated water-containing N, O
process stream (15% N,O, 2% H5O and the balance helium) over a 30 hour
period. 0.25g of the catalyst was utilized at a space velocity of 18,000 brl,

FIG. 1 also illustrates that conversion of N,O to gaseous hitrogen and oxygen
approaches 100% at a process temperature of 650°C and approaches 65% at a
process temperature of 475°C and that such a desired conversion level can be

achieved by adjusting the process operating temperature or space velocity.

FIG. 2 illustrates conversion of N,O to gaseous nitrogen and oxygen
obtained as a function of time using a cobalt-aluminum hydrotalcite catalyst which
was calcined at 500°C. A larger bed of catalyst was used in this experiment
compared to the experiment according to FIG.1. While the process temperature
was initially maintained at 500°C, the temperature of the catalyst bed increased to
about 670°C due to the exothermic nature of the reaction. FIG. 2 indicates that
activity of the subject' catalyst was not markedly affected by oxygen or moisture in
N, O containing gaseous mixture over the 175 hour test period. The Process
stream contained 10% N5O, 2% H50, 2% O, and the balance helium. FIG. 2
illustrates that conversion of N, O to gaseous nitrogen and oxygen approaches

100% at a process temperature of 670°C.

FIG. 3 illustrates the light off curves of the calcined cobalt hydrotalcite

catalyst of the present invention versus a Co-ZSM-5 catalyst in either trilobe or
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EXAMPLE 1 PREPARATI ON OF COBALT- ALUM NUM HYOROTALCI TE HAVI NG A Co/ Al MOLAR
RATIOOF 2.0

-14 -

extrudate form. Experiments were conducted using a feed stream containing 10
N,O, 2% water, 2% oxygen and the balance nitrogen. Reactor pressure was
maintained at 10 psig and gas hourly space velocity was maintained between 16,000
and 18,000 hr'l. The Co-ZSM-S catalysts are presented in U.S. Patent 5,171,553,
issued December 15, 1992, and assigned to Air Products and Chemicals, Inc.,
Allentown, Pennsylvania, U.S.A. While the subject hydrotalcite catalyst and Co-
ZSM-5 catalyst provide high conversion of N,O to gaseous nitrogen and oxygen,
the calcined hydrotalcite catalyst demonstrates a light off temperature at least 75°C
lower in temperature than Co-ZSM-5. The lower light off temperatures for the
catalysts of the present process compared to prior art catalysts represents a
significant process advantage in that energy requirements are reduced and less

wear and stress are placed upon process equipment.

FIG. 4 demonstrates that surface area of the catalysts according to the
present process is substantially affected by heat treatment temperature employed
during preparation of such catalysts. The data demonstrate that the optimum heat
treatment temperature for achieving maximum surface area varies depending upon
catalyst composition. For example, zﬁaximum surface area for Ni-Al hydrotalcite is
achieved using a heat treatment temperature of about 220°C while maximum
surface area for Co-Al hydrotalcite is achieved using a heat treatment temperature

of about 320°C.

The following examples are provided to further illustrate various
embodiments of this invention and to provide a comparison between the
enumerated catalysts of this invention and prior art catalysts for destroying N,O
residing in gaseous mixtures containing oxygen and/or water. The examples are
provided to illustrate the nature of the claimed process and are not intended to
limit the scope of the claimed invention. Unless otherwise stated, parts and
Percentages in the examples are given by volume.
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A sol ution of 58. 21g (0.20 nol) cobalt nitrate hexahydrate and 37.5g (0. 10
nmol ) of alum numnitrate nonahydrate in 70 cc of distilled water was added

dropwi se (over a 4-hour period at roomtenperature) to a solution

containing 28.87g (0.70 nol) 97% NaOH, 20.03g (0.189 nol) sodium carbonate

and 2.2 nol distilled water. The precipitate was stirred for 30 m nutes.
heated to 65[err]C for 16 hours, filterqd,- washed with | arge anounts of
distilled water to renmove excess sodiumand nitrate, and dried at
110[err]C. 54.7% Co by weight. 11.2% Al by weight. Co/ Al (atom) = 2.23.
d(003) =7.58A. XRO and IR confirnmed that the conpound prepared is

singl e phwmupaﬁmﬂﬂp@#r @Ngbft ﬁ@%pdw structure. XRD showed sharp

and symetTTC | ; d (110) planes indicating
crystallinity characteristic of day

Inductively coupled plasma emission spectroscopy was used to analyze for
M2+ and M3% and Na™. X-ray diffraction patterns of the samples were taken
using a Philips X-ray generator (Model PW1130) using CuK, radiation
(A = 1.5418 A except for Co-containing compound wherein CoK,, radiation (1 =
1.7902 A) was used. TGA of these compounds were recorded on a Perkin-Elmer
TGA7 instrument at temperatures ranging from 50-900°C at a heating rate_of
20°C/min., under nitrogen atmosphere. The BET surface area of the catalyst
powders was measured using a Carlo-Erba (Model 1800) sorptometer at 77°K.

EXAMPLE 1
PREPARATION OF COBALT-ALUMINUM HYDROTALCITE
HAVING A Co/Al MOLAR RATIO OF 2.0

A solution of 58.21g- (0.20 mol) cobalt nitrate hexahydrate and 37.5g

(0.10 mol) of aluminum nitrate nonahydrate in 70 cc of distilled water was added
.dropwise (over a 4-hour period at room temperature) to a solution containing
28.87g (0.70 mol) 97% NaOH, 20.03g (0.189 mol) sodium carbonate and 2.2 mol
distilled water. The precipitate was stirred for 30 minutes, heated to 65°C for

16 hours, filtered, washed with large amounts of distilled water to remove excess
sodium and nitrate, and dried at 110°C. 54.7% Co by weight, 11.2% Al by weight,

~ Co/Al (atom) = 2.23, d(003) =7.58A.

XRD and IR confirmed that the compound prepared is single phase in
nature with hydrotalcite-like structure. XRD showed sharp and symmetric
reflections for (003), (006) and (110) planes indicating crystallinity characteristic of
clay minerals possessing a layered structure. TGA studies showed two stages of
weight losses. The first weight loss occurring between 150° and 200°C and the

second occurring between 225° and 275°C. This result was substantiated by
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m neral s possessing a |layered structure. TGA studies showed two stages of

wei ght | osses. The first weight | oss occur- ring between 150[err] and

200[ err] C and the second occurring between 225[err] and 275[err]C. This
result was substantiated by dif- ferential scanning calorinetry results

~whi ch showed two endot herm ¢ peaks corresponding to the two wei ght | osses.
EXAMPLE 2 PREPARATI ON OF NI CKEL- ALUM NUM HYDROTALCI TE HAVING A Ni /Al MOLAR

RATIO OF 2 - 16 -

differential scanning calorimetry results which showed two endothermic peaks

corresponding to the two weight losses.

EXAMPLE 2
PREPARATION OF NICKEL-ALUMINUM HYDROTALCITE
HAVING A Ni/Al MOLAR RATIO OF 2

A solution of 58.16g nickel nitrate hexahydrate and 34.51g of aluminum
nitrate nonahydrate in 140 cc of distilled water was added dropwise (over a 4-hour
period at room temperature) to 228 cc solution of 28.87g 97% NaOH and 20.03g
sodium carbonate while maintaining the temperature at or below room
temperature. The precipitate was stirred for 30 minutes, heated to 65°C for
16 hours, filtered, washed with large amounts of distilled water to remove excess
sodium and nitrate, and dried at 110°C. 56.1% Ni by weight, 13.1% Al by weight,
NV/Al (atem) = 1.97; d(003) = 7.55 A.

EXAMPLE 3
PREPARATION OF COPPER-ALUMINUM HYDROTALCITE
HAVING A Cu/Al MOLAR RATIO OF 2.0

' A solution of 23.26g cupric nitrate pentahydrate and 18.76g of aluminum
nitrate nonahydrate in 140 cc of distilled water was added dropwise (over a 3-hour
pericd at room temperature) to a 114 cc solution of 14.44g 97% NaOH and 10.02g
sodium carbonate while maintaining the temperature at or below room
temperature. The precipitate was stirred for 60 minutes, heated to 65°C for
18 hours, filtered, washed with large amounts of distilled water to remove excess
sodium and nitrate, and dried at 110°C. 66.0% Cu by weight, 12.6% Al by weight,
Cu/A1=2.22.
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A solution of 58.16g nickel nitrate hexahydrate and 34.51g..of alum num
nitrate nonahydrate in 140 cc of distilled water was added dropw se (over a -
4-hour period at roomtenperature) to 228 cc sol ution of 29s 8fest HasBeakeplaced
and 20.03g sodi um carbonate whil e naintaining the tenperatur
roomtenperature. The precipitate was sii rred for 30 mnute

65[err]C for 16 hours, filtered, washed Wrth | arge amounts of distille

water to renove excess sodiumand nitrate, and dried at 110[err]C. 56.1% Ni
by weight. 13.1% A by weight, Ni/Al (aton) = 1.97: d(003) = 7.55 [err]

EXAMPLE 3
EXAMPLE 4
PREPARATION OF COBALT.MAGNESIUM - ALUMINUM HYDROTALCITE
HAVING A Co/Mg/Al MOLAR RATIO OF 2/1/1

A solution containing C02+, Mg2+ and AP was made by dissolving
29.1g Co(NO3)26H20 (0.1 mol), 12.8g Mg(NO3),6H,0 (0.05 mol) and 18.8g
(AI(NO3)39H,0 (0.05 mol) in 75 ml of deionized water at room temperature. A
second solution was made by dissolving 14g NaOH (0.35 mol) and 10.6g Na,CO3
(0.1 mol) in 100 ml of deionized water at room temperature. The second solution
was slowly added (drop-by-drop) to the first solution at room temperature in a
period of 1 hour with a vigorous stirring. The final pH of the precipitate
suspension was 10. The precipitates were aged at 65°C for 18 hours with a good
mixing. The resulting product was then filtered, washed with 300 ml of water in a
beaker and filtered again. Finally, the material was dried in an oven at 110°C in

- air overnight. The yield was 18.0g. The anionic clay material prepared according
to this method corresponds to the formula of the preferred embodiment wherein
M is a mixture of cobalt and magnesium. Elemental analyses of this sample show
30.7% Co by weight, 6.05% Mg by weight and 7.12% Al by weight. The molar
ratio of Co/Al=1.97 and Mg/Al=0.94. The d(003) spacings were found to be
7.69A by X-ray diffraction.

EXAMPLE 5
PREPARATION OF COBALT-RHODIUM. ALUMINUM HYDROTALCITE

HAVING A Co/Rh/Al MOLAR RATIO OF 2/0.2/1

A solution of 1.0g (10% Rh) rhodium nitrate, 28.81g cobalt nitrate
hexahydrate and 18.76g of aluminum nitrate nonahydrate in 114 ce of distilled
Wwater was added dropwise (over a half-hour period at room temperature) to a
114 cc solution of 14.44g 97% NaOH and 10.02g sodium carbonate while
maintaining the temperature at or below room temperature. The precipitate was

stirred for 2 hours, heated to 65°C for 18 hours, filtered, washed with large
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PREPARATI ON OF COPPER- ALUM NUM HYOROTALCI TE HAVI NG-A-€uf-Al “MOLAR™ RATI O OF
2.0 A solution of 23.26g cupric nitrate Peﬂﬁsf%g(ﬁés%eﬁﬂﬁeﬁlgee@g of

al umi num nitrate nonahydrate in 140 cc of disille ed dropw se
(over a 3-hour period at roomtenperature) to a 1 m Imﬁﬂw of 14.44qg
97% NaO H and 10. 02g sodi um car bonate whil e maint erature at
or bel ow room tenperature. The precipi |tlgte was stirred for 60 m nutes.
heated to 65[err]C for 18 hours, filteréd, washed with |arge anmounts of
distilled water to renove excess sodiumand nitrate, and dried at
110[err]C. 66.0% Cu by weight. 12.6% Al by weight. Cu/Al =2.22.

amounts of distilled water to remove excess sodium and nitrate, and dried at

110°C. The anionic clay material prepared according to this method corresponds

to the formula of the preferred embodiment wherein M is cobalt and a portion of

the aluminum has been replaced by rhodium. 58.3% Co by weight, 11.9% Al by
weight, Co/Al=2.24, Rh/Al=0.016; d(003) = 7.54A.

. EXAMPLE 6
CATALYTIC DECOMPOSITION OF N20 OVER
CALCINED ANIONIC CLAY CATALYSTS

The following general procedure was utilized for catalytically converting
N,O to gaseous nitrogen and gaseous oxygen over the catalysts of the present
invention. The reactor is was a Quartz, "U" tube having an inlet of 1/4" O.D. and
an outlet of 3/8" O.D., wherein the catalyst was located at the outlet section.
Typical catalyst weight used in these tests was 0.1 gram. The GHSV was
30,0_00h'1. The reactor was surrounded by a temperature-controlled furnace and
the femperature v;/as monitored by a J-type thermocouple which was in contact
with the catalyst bed. The concentration of NoO was 935 ppm balanced by He.
Oxygen (2.5%) was added for some runs. H,O (2%) was added to the feed via a
H,O saturator, and the level of H,O added can be controlled by adjusting the

temperature of this saturator.

The activity measurements were made using a microcatalytic reactor in a
steady-state flow mode. Product analysis was obtained using an on-line gas
chromatograph with a thermal conductivity detector. The separation column was
packed Porapak Q (80/100 mesh) and was 4 feet long having a 1/8" outer diameter.
Chromatograph oven temperature was 25°C and the flow rate of the carrier gas

was 30 cm3/min.
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EXANPLE 4 PREPARATI ON OF COBALT. MAGNESI UM . ALUM NUM HYDROTALCI TE HAVI NG A
Co/l\/g/AI MOLAR RATIO OF 2/1/1 A solution containing Co[err], My2 and
was Wd@&%ﬁ%ﬂlmlagec% 1g Co(NJ err])[err]6H err]O (0.1 nol),

Alle
12. 89 I\/g(NOB)[ 05 nol) and 18.8g (Al (N3)[err]9H20 (0.05
mol) in 75 m ter at rogm tenperature. A second sol ution was
made by di ssol ving 0. 35 m)l)'1 nd 10.6g Na[err]CO3 (0.1 nol) in

100 M of deionized

N,O decomposition experiments were carried out at ambient pressure and
0.1g of catalyst in a plug-flow reactor was used for each run. The flow rate of the
feed was 100 cm>/min and remained constant resulting in a gas hourly space
velocity (GHSV) of 30,000 b"l. The reaction temperatures studied ranged from
200° to about 800°C. The catalysts studied were dried for one hour at 500°C over

a helium stream prior to use.

PRESENTATION OF DATA

‘The catalysts according to Examples 1 through 5 and various prior art
catalysts were tested according to the procedure of Example 6 for catalytic
decomposition of N5 O in the presence of oxygen. Reaction conditions were .
maintained constant using a feedstream of 0.1% N,O and 99.9% helium. A N;O-
containing gaseous mixture containing 2.5% oxygen and 2% H,O was used as a
feedstream in order to determine the effect of oxygen and water on

catalyst 'activity.

The results presented in Table 1 compare reaction conversion of N5O to
gaseous nitrogen and oxygen obtained using calcined cobalt-aluminum hydrotalcite
catalysts having varied ratios of cobalt and aluminum cation as a function of
teniperatnr‘e. Runs 1 through 5, prepared according to the method of Example 1,
present materials having a Co/Al ratio ranging from 1.1 to 3.55 which were used to
decompose N,O residing in 2 helium stream containing 985 ppm N,O and
alternately, 2.5% oxygen or 2.5% oxygen and 2% water vapor. The results
demonstrate that N,O conversion for each of the runs increases with increasing
reaction temperature with the best results obtained according to Run 4 which
exhibits 84% N,O conversion at a reaction temperature of 450°C. Runs 3 through
5 demonstrate that the presence of oxygen or oxygen and water vapor in the N,O-

containing gaseous mixture diminishes N,O conversion.
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water at room tenperature. The second solution was slowy ﬁd r?dt o
('drop-by-drop) to the first solution at roomtenper- at ur & laged
hour with a vigorous stirring. The final pH of the precipit% H

was 10. The precipitates were aged at 65[err]C for 18 hours
m xi ng. The resulting product was then filtered, washed with 300 ml of
water in a beaker and filtered again. Finally, the material was dried in an

oven at 110[err]C infair oviernight The yi 4l d el I8.0g. The anionic day
mat eri al prepared acfordinglto this nmethod corresponds to the fornula of
the preferred enbodi rent| wherein Mis _a nijxture of cobalt and nmagnesi um
El emental anal yses of thig s &pfe 3§ 7% Co by weight. 6.05% My by
wei ght and 7.12% Al py wewght. The nolar rlati o of Co/ Al =1.97 and
My/ Al =0. 94. The d(00B) dpacji ngs were found to be 7.69A by X-ray
di ffraction.
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EXAMPLE 5 PREPARATI ON OF COBALT- RHODI UM  ALUM NUM HYOROTALCI TE HAVI NG A
Co/ Rh/ AL MOLAR RATIO OF 2/0.2/1 A solution of 1.0g(10% Rh)rhodi um
nitrate. 28.81lg cobalt nitrate hexahydrate and 18. 76g of alum numnitrate
non-

.21 -

Table 2 illustrates the effect of calcination temperature on catalyst activity
for NoO decomposition using a cobalt aluminum hydrotalcite catalyst having a
Co/Al ratio of 2.2. Runs 6 through 8, prepared according to the method of
Example 1, were used to decompose N,O residing in a helium stream containing
985 ppm N,O and alternately, 2.5% oxygen or 2.5% oxygen and 2% water vapor.
The results demonstrate that N5O conversion is maximized when the subject
catalyst is calcined (heat treated) at a temperature ranging from 400° to 500°C.
Runs 6 and 7 demonstrate that the presence of oxygen or oxygen and water vapor

in the N,O-containing gaseous mixture diminishes NoO conversion.

IThis Sheet Has Been Replaced

i

)
T prremé‘m sheel

19 Jun W9t

Trig s the

figien



22

,;,);acec

s Been Re

I

il

cmmaﬁ %S'C PUe J19jem %z yim 9

/oo 00} = 4 'ajdwes 610 ‘a4 u1 Q%N wdd 586 "mc_o_%coo 1591

-uabAxo %5z yum q

e

L2 2l 6 g S 008 ol 8
VIN (ors'496)66 €6 R 7 Ly 00 L
V/N (,E¥'426)66 v6 6L Sk 00¥ 0§ 9

0,005 0.05p 0.00V 0.05€ 2.00¢ (0,) dway Amw%

uopeuojey 138 uny

(%) uoissanuoy o°N

e{22=1v/00) 15hjejen w._.o_382:-_:::_5:_?_:«%0 e Bujsn uopsedwosag oy
10) Ayanoy i1shjeres uo ainjesadute 1 Uofjeupje) jo joayg

This is the replacement sheet

Date



-23.

The results presented in Table 3 compare reaction conversion of N5O to
gaseous nitrogen and oxygen obtained using calcined anionic clay materials
containing copper (Run 9), nickel (Run 10), rhodium (Runs 16 and 17) and cobalt,
palladium (Run 12) versus conversion obtained using Co-ZSM-5 (Run 13),
disclosed in U.S. Patent 5,171,553. The results demonstrate that the claimed
process provides excellent conversion of N,O to gaseous nitrogen and oxygen. In
particular, Run 17, a cobalt-rhodium aluminum hydrotalcite, prepared according to
Example 5, provides 100% conversion.of N, O to gaseous nitrogen and oxygen at a
process temperature of 300°C, a full 150° lower than the 450°C temperature |

required for Co-ZSM-5 (Run 11) to yield comparable conversion. Moreover, Ni-

Al-hydrotalcite (Run 10) provides substantially the same conversion to N5O at a
process temperature of 450° when in the absence or presence of oxygen and water.
When AT is partially replaced by La3+ (Al/La = 1) (Run 19), the resulting
material, Co-Al, La-HT, shows significantly high activity at low temperature (79%
at 300°C).
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7.54A. EXAMPLE 6 CATALYTI C DECOVPOSI TION OF N[ err] O OVER CALCI NED ANI ONI C
CLAY CATALYSTS The follow ng general procedure was utilized for
catalytically converting Nferr] O to gaseous nitrogen and gaseous oOxy- gen
over the catalysts of the present invention. The reactor is was a Quartz.
"U' tube having an inlet of 6.35 mm (1/4") '

- 25 -

The enumerated catalysts of the present invention provide several
improvements over prior art processes for removing NoO from combustion
processes. Firsﬁ the claimed catalysts are unexpectedly more active at lower
process operating temperatures than prior art catalysts in converting N>O to
nitrogen gas and oxygen gas. Second, the catalysts are not significantly deactivated

in the presence of oxygen or water in the process feedstream.

Having thus described the present invention, what is now deemed appropriate

for Letters Patent is set forth in the following Claims.
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O.D. and an outlet of 9,5 mm (3/8") O.D. wherein the catal yst was | ocated
at the outlet section. Typical catalyst weight used in these tests was O. 1
gram The GHSV was 30, 000h[err]. The reactor was surrourhadhest Has Been Replaced

tenperat ure-control l ed furnace and the tenperature was rmn E |“ﬂ 1‘{! “
was a

J-type thernocouple which was in contact with the catal yst l
concentration of N20 was 985 ppm bal anééa by He. Oxyge

for some runs. Herr]O (2% was added to the feed via a H[err]Osaturator,
and the level of Herr] O added can be controlled by adjusting the
tenperature of this saturator. The activity neasurenents were nade
usi ng a weElagat al ytic reactor in a steady-state flow node. Product

anal ysi s was obtained using an on-line gas chromatograph with a thernal

- conducti vi t yl.dé pracess fathrenseyiag &5 riramlamiNy@ksopanking grss@sanx(eB0/ 100

gfgﬁa? (r)\d W%Scolmgxgisgesr?e(actmge %2 Nzﬁ%oha\fﬁ{ﬁ% gaasg’ouls.7m%1(ellxn8 tlze pyetsggxcg of 2 Teter
catalyst under conditions sufficient to convert the N,O to gaseous nitrogen and
gaseous oxygen, wherein the catalyst comprises an anionic clay material
represented by the formula MmNn(OH)(Zm + Zn)Aa' BH,O
wherein

M is a divalent metal cation;

N is a trivalent metal cation;

A is a mono-, di- or trivalent anion which decomposes when heated to a

temperature sufficient to form a volatile gas;
m and n are such th.at m/n has values of 0.5 to about 6;
a is a number with the provisos that when A is a divalent anion,
= 1/2n and when A is 2 trivalent anion a2 = 1/3n and

b is an integer having values of 1 to 10

which anionic clay material is heated to the temperature sufficient to cause A, the

mono-, di- or trivalent anion, to decompose to form the volatile gas.

2. The process according to Claim 1 wherein the anionic clay material is

heated to 4 temperature ranging from 200°C to 800°C to form the catalyst.

3. The process according to Claim 1 wherein the reacting is conducted at a
temperature ranging from 100° to 800°C and pressures ranging from 0.1 to 300

atmospheres.

4. The process according to Claim | wherein the reacting is conducted at a
temperature ranging from 100° to 800°C and a gas hourly space velocity ranging
from 1,000 to 300,000 hrL.
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graph oven tenperature was 25[err]C and the flow rate of the carrier gas
was 30 cnferr]/ mn. N err] O deconposi ti on -experi-nents—were carried out

at anbi ent pressure and 0.1g of catalyst in a =flow r jadgs used
for each run. The flow rate of the feed was 108+ fioe §e%ﬁtr\% alr emai ned
constant resulting in a gas hourly sp e vel ocity 00 h[err].
The reaction tenperatures studied ran d"from 200[ 300[err]C

The cata- |ysts studied were dried for one hour at 500[err]C over a helium
streamprior to use. PRESENTATI ON OF DATA

5. The process according to Claim 1 where M is selected from the group
consisting of C02+, Ni2+, Cu2+, Pd2+, Zn2+, Mn2+, Mg2+ and Fe2+ and N is
selected from the group consisting of NG +, Ga3+, In3 +, Fe3 *, Rh3+, Co? +,
B3*, cAt, La3t, Sc3 and Y3,

6. The process according to Claim 1 wherein N is selected from the group
consisting of Ce>*+, Na3*, Pm3*, sm3*, Eud*, 63+, To3+, Dy3+, Ho3™,
Er*, Tm3+, Yb3* and Lu3+.

7. The process according to Claim 1 wherein the ratio of m to n recited in the

formula ranges from 1 to 4.

8. A process for removing N5O from an N,O-containing gaseous mixture
which comprises reacting the NoO-containing gaseous mixture in the presence of a
catalyst under conditions sufficient to convert the N,O to gaseous mitrogen and
gaseous oxygen wherein the catalyst comprises an anionic clay material represented
by the formula My AP (OH) 5 4 2nyAg" bHR0

wherein :
M is C02+, Cu2+, Ni2+, Pd2+ or Mgz'*';
A is a mono-, di- or tri-valent anion which decomposes when heated to
a temperature sufficient to form a volatile gas;
m and n are such that m/n has values of 0.5 to about 6;
a is a number with the provisos that when A is a divalent anion,
a = 1/2n and when A is a trivalent anion a = 1/3n and

b is an integer having values of 1 to 10;

which anionic clay material is heated to the temperature sufficient to cause A, the

mono-, di- or trivalent anion, to decompose to form the volatile gas.
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The cat al ysts according to Exanples 1 through 5 and—various prior—art
catal ysts were tested according to the pro- cedur e, RfsnExai%R!sReR REQECed

catal ytic deconposition of Nerr]Oin the presence o i on
conditions were nain- tained constant using a feedstL mmnﬂllm and
99.9% helium A N err] O containing gaseous m xture c Yo oxygen
and 2% H err] O was used as a feedstreamg#h order to deternmine the effect of
oxygen and water on catalyst activity. The results presented in Table 1

conpare reaction conversion of Nerr]O to gaseous nitrogen and oxygen
obt ai ned using cal ci ned cobal t-al um num hydrot al ci te catal ysts having

varied ratio ,g.bcobal t and n un.ct l.on, of te r.at ure.
Runs 1 thr ouaﬁ B Rpar & ’bg ﬁg‘; erﬁg{ axyp £ SRy BALET aSr‘%sent
mat eri al sh&Awd i adteRigetature ranging from 200°C to 800°C to form the catalyst.

10. The process according to Claim 8 wherein the reacting is conducted at a
temperature ranging from 100° to 800°C and pressures ranging from 0.1 to 300

atmospheres.

11. The process according to Claim 8 wherein the reacting is conducted at a
temperature ranging from 100° to 800°C and a gas hourly space velocity ranging
from 1,000 to 300,000 hrl.

12. The process according to Claim 8 wherein M as represented in the

formula is copper.

13. The process according to Claim 8 wherein M as represented in the

formula is cobalt.

14. The process according to Claim 8 wherein M as represented in the

formﬁla is nickel.

"~ 15. The process according to Claim 8 wherein M as represented in the

formula is palladium and cobalt.

16. The process according to Claim -8 wherein M as represented in the

formula is cobalt and magnesium.

17. The process according to Claim 8 wherein M as represented in the

formula is cobalt and zinc.
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ratio ranging from1.1 to 3.55 which were used to deconpose N20 residing in
a helium stream containing 985 ppm N20 and alternately, 2.5% oxygen or 2.5%
oxygen and 2% wat er vapor. The results denonstrate that N err] O conversion
for each of the runs increases with increasing reaction tenperature with
the best results obtained according to Run 4 which exhibits 84% N20
conversion at a reaction tenperature of 450[err]C. Runs 3 through 5
denonstrate that the presence of oxygen or oxygen and water vapor in the

N[ err] O cont ai ni ng gaseous m xture di m-ngghkes N err] O conversi on.

18. The process according to Claim 8 wherein the anionic clay material is

cobalt-lanthanum aluminum hydrotalcite.

19. The process according to Claim 8 wherein the anionic clay material is

cobalt-rhodium aluminum hydrotaleite.
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- 307

A METHOD FOR DECOMPOSING N,0 UTILIZING CATALYSTS COMPRISING
CALCINED ANIONIC CLAY MINERALS

ABSTRACT

The invention describes a highly efficient catalytic pollution control process for
removing N, O from gaseous mixtures. The process utilizes catalysts derived from
anionic clay minerals, which after appropriate heat activation, provide superior
N7O decomposition activity. The catalytic process comprises contacting an
N,O-containing gaseous mixture with the decomposition catalyst under conditions
sufficient to convert the N5O into gaseous nitrogen and gaseous oxygen. The
process catalysts are derived from anionic clay materials such as the hydrotalcites,

sjogrenites and pyroaurites.

Figure 1.
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TABLE 1 Effect of Co/Al Ratio on N err]O Deconposition Using a
Col al t- Al um num Hydrotal cite Catal yst
Cal cined at 500[err]C Run Catalyst Co/Al Ratio BET Area
(mMerr]/g) N err] O Conversion (%

350[err]C 400[err]C 450[err]C 500[errJC 7 = i

300[err]C
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1 1.1 164 8 12 22
45 79 2 2.0
9 17 36 68 93 3 2.55
16 27 49 81(6l[err],17[err]) N A 4 3.0
100 13 24 - 53 34(67[err]. 25[err]) NA 5
3.55 10 18
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Test conditions: 985 ppmNerr]Oin He; 0.1g sanple; F = 100 cc/ min.
[err] with 2.5% oxygen [err] with 2% water and 2. 5% oxygen

Table 2 illustrates the effect of calcination tenperature-on—catalyst.__.
activity for NO deconposition using a cobalt alu- m qg@stﬂ rctalcite
catalyst having a Co/Al ratio of 2.2. Runs 6 through 8. S ¢ ng
to the nmethod of Exanple 1. were used to deconpose NO r i ,\ elium
stream contai ning 985 ppm N err]O and alternately 2.5%

d
j N

©
.E - I‘ll|'lll’TT'l|(‘lll 8
m : -m
Eeof |
—FF -.
SCZ2[l|x=x ]
n o f -'2 i%
0 8| <'(6 i K
Lar |=Z5 |
S50 (]° ls
= : ‘of\
o = F T -Oé)
U - .(DV
e
m 2 -
2.2 |8 3
S~ 1% %
-_— O { : I
S.E- | - E
SR [ g ¢
S | .
£3 1 | 48 E
: i <+ o
Iq,__ - i
«°L -
g_ - 43 ©
m.—- .m“
2% | -
: c
<:— Sy
2 | 1o Y
Q<L F 188
o - 1~ °
gl - :
£, '
v © G -8
< 3 |
L% O]ll'!lll'll[!l‘llll"#.l' 1 :
:’) 8 8 8 o o ollnoc
" & g =2 8 g8 o

(6/7,u) eary 9%e4ing j3q

This is the replacement sheet

Date: 19 JUN 1997



%obb 8>S

2. 5% oxygen and 2% wat esvapor. Fe resul ¢ dermns‘érate that Nerr]O

converswon- i s maxi m zedwewhen the—subj ect catal yst

s cal cined (he8t

treated) at a t enper at upe .rangi ngs from 400 to 500[‘6rr] C. Runs 6 afid 7

N err] O cont ai ni ng. gaseous m xture dimnisnes N err]O conversion.

TABLE 2

Ef fect of Calcination Tenpetature on Catal yst Acti vi3jyf or
N[ err] O Decoffided £QRoPECOMROAIENGANTD DBILY Z INGUEOMPRISING CALCINED AMIGNIC CLAY MINERALS

in the

m num Hydrotal cite Catal yst (Co/ Al =2.2)

Dascriptian

TECHNICAL FIELD QF THE INVENTION

The present invenuan describes a hignly arficent geitutian contrel grecess lar catalyucaily convertng nitrcus axide
(N2Q) into nitrogen gas and oxygen gas which ytilizes decamgasiion catalysts derived fram amcnic clay minerals,
which after agprepriate heat acuvation, grevide superior MaC decompasition activity.

BACKGROUND QF THE INVENTION

Nitrcus oxide {NQ) is not ccmmonty considered an atmosghernc patlutant and has not been consideraed 3 canstit-
uent of the gasecus pcllutants collectively raferred to as mitrogen axides (NQ,) whicn have received wide attenticn as
poliutants harmful to the envircnment, However, recent studies indicate that NaO in the Zarth’'s atmosphere may be
increasing at a rate of about 0.23% per year arc that this increasa appears 'o De caused by anthrcgogenic aceivity,

N,C is a major stratospheric source ¢f NC, is believed o te invcived in desiraying the ozone fayer ard is recog-
nized to be a green-hause gas. Becausa N,C has an atmospheric liftetme of approximately 150 years, researchers are
attempting to identify sources of the gollutant and to limit turther sreducticn of the harmiul gas. Recant reperts such as
an articie by Thiemens and Tregler, Science, 251(1991)932 suggest that varicus incustrial grecesses significanty con-
trisute ta the increasad levels of N,C found in the Earth’s atmosghere.

For example, nitrous oxice is a by-prccuc' ‘crmed during the manufacture of menomers usad in greducing 5,8+ and
4,12-aylon. Agproximately 1.2¢ X 10? kg of nylan wera prccucad in the United States in 1988, alcne. Nylon golymers
are ygically formed By subjecting a dicarcoxyiic acid and a diamine to0 a condensation pelymerizaticn reaciicn. The
mast widely usad dicarnaxylic acid. adipic acid, is grepared primarily By exicizing cycicnexane in air to form a ¢yl ‘chex-
anclicycichexancne mixture foilcwec By cxidizing such mixtura with HNO4 to ‘orm acigic acia ana NoC. Thiemers ard

Tregler caiculate that atcut 1 mel of NoO ser mele of acipic aci is iormec as a sica ':,r:x:'..c’ in adi ..lc acd rcc=saes
Assuming that 2.2 x 10? «g of acigic ac:c are grocuced glceally seryear, accu 1.3 % 10°% moi yr 2f N=C ty-grecuct
cr 10% cf the arrual culput of atmasgnaric NoC can Se attritutec  c this singie grecess.

M. Schuavellc and cowcrkars, (J. Chem. Scc Faracay Trans. 1, 77(8}, ‘6~‘ -3} swcied varicus magnesium Sxide-
iron oxida and magnesium oxide-iron axide-ithum oxice sysiems as N.C cacsmpcsiticn caialysis. Whie magnrasium
cxica-ircn cxide samples which wara fired in air ang wiich contained MgT2;C, demensyaisc icw acavity, similar sam-
cies firad urcer recucing atmescheres ard containing Fe®- in sclid sciution cemcnsiratec greawr achwty. e
researchars conciuded that Fa* iens in !he ferrte shasa ars nct camlytically acuve lcward ‘he sutiect reacticn
wheraas Fe°~ ions cantained in MgC tegethar with L™ are catalytically active when the rato cf lithium icsren is lass than
1.

P Pera and cowcerkers (J. Chlem. Sac. Faraday Trans. 1, 73(7), 1585-503) sucied ihe structure arc catalyic
acivity of Co,Mg;.,AlaQ, srinel sclid sciuticns for usa as catalysts in decemgasing NoQ inta gasacus nitrcgen and 2xy-
gen. The catalytic activity per ¢oialt ian in varicus N»O decampcsition catalysts was fcund 10 increasa with incraasing
dilution in MgO. Tne distritution of ccoalt ions amang aciahedral anc tetrahecral sites in the spinel structura of CoMg;.

«AlaQ, was found a vary with temperature ard the fraction of ccbalt icns in cctahedral sites was fourd to increase with
increasing quenching tamperatura. The researchers conciuded that catalys: actvity generally increases as a greazer
amount of cebalt icns is incarperated intc octanedral sites in the siructure.

W. Reichie (Journal of Catalysis 94 (1985) 547) reparted that varicus anionic clay minerals belenging ‘o the gyro-
aurite-sjogrenite greup. such as hydrctalcite (MggAla{QH),(C05%) - 4H,0 can ke thermally decompesad ‘o ‘orm a
procuct which is a useful catalyst for vaper-ghase aldal condensations. Replacement of Mg by Fe, Co, Ni and Zn anfor
reciacement of Al by Fe and Cr alsa results in isomorphous doutie hydraxides which, on heat treatment, are rendered
catalytically active. The referenca alsa states hat the activity of the catalyst is strangly affected by the temperature at
which the hydratalcite is activated.

US-A-5 039 645 discloses the use of hycrotalcite as a supgort material in a catalyst ‘or oxidizing N2Q to NG,

U.S. Patent 5,171,553, assignad to Air Products and Chemicals. Inc.. Allentown, Pennsylvania, discloses a highly
efficient, commercially viakle pracass for removing N,Q from gasecus mixtures. The process utilizes catalysts compris-
ing a crystalline zeglite which, at least in part, is compased of five mermbered rings having a structure type selected from
the group cansisting of BETA, MOR, MFI, MEL and FER wherein the crystalline zeclita has been at least partiaily ion-
exchanged with a metal selected from the group consisting of cepper, cobalt, rhadium, iridium, ruthenium and patla-
dium,

Industry urgently desires ta develop catalytic pracesses for destraying N,Q emissions priar to venting ccmmercial
process affluent streams into the atmosphere. Althcugh catalytic decompasition ot N,Q has been studied extansivaly
in academic institutions, few commercially viable processes are known for decamposing N,Q inta its respective com-
ponents. namely gasaous nitragen and gasadus axygen, which utiizes a catalyst which exhibits activity and lite gro-
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Run BET Area (nferr]/Q) Cal ci nation Tenp Nerr]O

Conversion (% 300C 350C 400C 450C 500C

6 50 400 45 79 94
gg(97[err]43[err]) NI A 7 500
47 74 93 99(96[err],54[err]) N A 8 10
800 5 5 9 -2 . 12 27

vided by tha catalysts of tha prasent invention.
BRIEF SUMMARY QF THE INVENTION

The present inventian is a catalytic process for remaving NoO from exhaust streams which utilizes a catalyst formed
trom one or more anionic clay minerals, which after apprapriate heat activation, provide superior NaQ decomposition
activity. The process comprises reacting an NaO-containing stream in the presence of an effective amount of one or
more of the enumerated catalysts under conditions sufficiant to convert the NoO to gaseous nitragen and gaseous axy-
gen.

The catalysts according to the present invention are formed by heat treating one or more anionic clay materials rep-
resented by the generic formula:

M N (OH) (2 . 2yA o * BH 0
wherein

M is a divalent metal cation;

N is a trivalent metal cation;

Ais a mono-, di- or trivalent anion which decomposes when heated to a temperature sufficient to form a volatile
gas; :

m and n are such that m/n has values of 0.5 to about 6;

a is a number with the provisas that when A is a divalent anicn, & = 1/2n and when A is a trivalent anion, & = 1/3n
and

b is an integer having values of 1 to 10.

Applicants’ process utilizes a family of catalysts which has not been utilized for the subject MO decompaositicn
precess. Furthermore, the invention utilizes catalysts which gravide supericr canversicn of NoO to gasacus oxygen and
nitrogen and extended catalyst life.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 illustrates canversicn of NoO to gasacus nitrcgen ard cxygen cttained as a funclion of time and tempera-
ture using a claimed N,QO decomgosition catalyst.

FIG. 2 illustrates canversion of NO to gasaous nitrogen and oxygen cbtained over extend time pericds using a
claimed N»Q decompasition ¢atalyst.

FIG. 3 illustrates conversion of NoO to gaseous nitrcgen and oxygen obtained as a function of time using a claimed
N3O decomposition catalyst versus specitied prior art cobait-containing zeoclite catalysts.

FIG. 4 illustrates the surface area of varicus calcined anionic clay materials obtained as a function of catalyst cal-
cination temperature.

DETAILED DESCRIPTION OF THE INVENTION

The present invention refates to a highly efficient catalytic process for converting nitrous axide (NoQ) inte environ-
mentally safe groducts, namely gaseous oxygen and gasaous nitragen. The claimed pracess utilizes catalysts derived
from ane or more anionic clay minerals, which after agpropriate heat activation, provide superior catalytic actvity and
lite under typical process conditions. Moreover, the process can be operated at lower temperatures than processes
using other catalysts and the catalysts used in the process exhibit extended catalyst life.

" The catalysts according to the present inventicn are formed by heat treating or calcining one or mera anionic clay
materials represented by the formula:

M N (OH) @me z",A a"bH,0
wherein
M is a divalent metal cation;
N is a trivalent metal cation;

A is a mongc-, di- or trivalent anicn which decomposes when heated to a temperaturs sufficient to form a volatile
gas:
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[err] Test concitions: 985 ppmNerr]Oin He; 0.1g sanple; F = 100 cc/mn
[err] with 2.5% oxygen [err] with 2% water and 2. 5% oxygen

The results presented in Table 3 conpare reaction conversion of Nerr]Oto
gaseous nitrogen and oxygen obtained using calcined anicnic clay materials
cont ai ni ng copper (Run 9). nickel (Run 10). rhodium (Runs 16 and 17) and
cobalt. palladium (Run 12) versus conversion obtained using Co-ZSM5 (Run
13). discosed in U S. Patent 5.171.553. The results denmpnstrate that the
cl ai med process provides excellent conversion of NJerr]O to gaseous

ni trogen ang 1RXY40eh thallnvn has values of 0.5 1o about 6;

ais a number with the pravisas that when A is a divalent anion, a = 1/2n and when A'is a trivalent anion 3 = 1/3n
and
b is an integer having values of 1 to 10,

The resulting heat treated anionic clay materials possess a composition and morpholegy which is highly alctiv.e
toward decompasing N,O inte its correspanding decompasition products. gaseous oxygen and nitragen. The anioni¢
clay materials recited in the above-mentioned formula include, but are not limited to materials commonty re'ferred loas
hydrotalcites, sjogrenites and pyroaurites which comgasitions are well defined and can be prepared accarding to meth-
ods known in the art. The temperature required to decompose the monc-, di- or trivalent anion, A, to form a volatile gas
will vary depending upon the particular anionic clay material and such temperatures can be readily determined by one
of ardinary skill in the art without undue experimentation, Typical decomposition temperatures range from about 200°
to 800°C. The decomposition temperature is not critical to the practicing the invention,

The anionic clay minerals from which the pracess catalysts are derived can be prepared synthetically utilizing a
variety of anions. Moreover, the M*2/N*3 ratio can be varied widely to achieve the desired catalyst activity. The anionic
clays minerals of the present invention are converted to an active catalytic material by heating the anionic clay material
to a temperature sufficient to form a catalyst which exhibits N>QO decomposition activity. Suitable heat treatment temper-
atures vary depending upon the particular anionic clay material and usually range from about 200°C to about 80Q°C at
which temperatures the anionic moieties are decampased to gaseous compounds. The heat treatment can be con-
ducted in air, inert gases, vacuum aor in an N,C-containing gaseous mixture.

The preferred ratio of m to nt according to the formula of the general embodiment can be varied from 1 o 4 accard-
ing to conventional techniques known in the art, M can be any divalent cation which provides N,Q decomposition activ-
ity upon heat treating the anionic clay material. Suitable divalent cations include Ca?*, Cu?*, Ni2*, Pd2*, Zn®*, Fe?*,
Mn2*, Mg3* and mixtures thereaf. Suitable trivalent cations inciude A%*, Ga*, In®*, Fe**, An®*, Co™*, 8:". cA- Ladr,
Sc3*, Y3* and the rare earth metals including Ca™, Nd®*, Pm3*, Sm*, Eu3*, Ga®*, To3", Dy®*, Ha™, E~°*, Tm*", Yb™,
Lu®* and mixtures thereof.

Accerding to a preferred embediment, the process utilizes catalysts formed by heat treating one or mecre anicnic
clay materials represented by the farmula:

3+
MmAl ﬂ(OH) (zm‘_zn)A‘ «bH zo
whersin

M is Co?*, Cu?*, Ni%*, Pd?*, Mg?* ar mixtures therec; .
A is a mano-, di- or tri-valent anion which deccmposes when heated to a temperature sufficient to form a volatile
gas;

m and n are such that m/n has values of 0.5 to about &; )

a is a number with the provisos that when A is a divalent anion, a = 1/2n and when A is a trivalent anion a = 1/3n
and

b is an integer having values of 1 to 10.

Thraugheut the Specification and Claims, Agplicants shall use the abbreviation, HT, for hydrotalcite. Sinca each tri-
valent cation has one mare pasitive charge than the divalent cation, the sheets gain one unit of positive charge per gach
trivalent ion which charge is compensated by suitable anions such as CO;%" which are located interstitially. Water mol-
ecules may be situated between each metal jon sheet. The preferred ratio of M to Al according to the formula of the
preferred embodiment can be varied from 1.5 to 4 according to canventional techniques known in the art.

While Mg-Al-HT is essentially inactive toward catalytic decompasition of NoQ, superiar catalytic activity is obtained
by utilizing the claimed catalytic compasitions wherein the enumerated divalent and trivalent cations are incorporated
into the anionic clay materials. Suitable divalent cations include Ca?*, Cu2*, Ni2*, Pd?*, Zn?*, Fe?*, Mn2*, Mg?* and
mixtures therecf. Suitable trivalent cations include AI%*, Ga%*, In%*, Fe¥*, Ah3*, Co¥, 8%, CF*, La%, S¢**, ¥¥* and
the rare earth metals including Ce®*, Nd3*, Pm3*, Sm¥*, Eu3*, Gd3*, Tb3*, Dy, Ho®*, B, Tm™, Yb3*, Lu3* and mix-
tures thereof. Preferred divalent cations include Ca?*, Ni2*, Cu2*, Pd2*, Zn2* and Fe?* and preferred trivalent cations
include Ai%*, Ga¥*, Fe¥*, Rn?*, Co®* and La3*. Such divalent or trivalent cations can be incorperated intg the anicnic
clay materials by the methods described herain to form particularly active catalysts.

As shall be explained in greater detail, a portion of the divalant ion enumerated in the formulae of the general and
pretarred embodiments, such as Mg?* in Mg-Al-HT, can be completely or partially replaced by ather divalent cations
such as copper, cobalt, zinc, iron, nickel or palladium, Optionally, a portion of the aluminum atoms can be replaced by
Cr. V. La. Rhand Fe to yield active catalysts for N,O decomposition.
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particular, Run 17, a cobalt-rhodi um al um num hydrotal cite. prepared
according to Exanple 5. provides 100% conver- sion of N err]O to gaseous
nitrogen and oxygen at a process tenperature of 300[err]C. a full 150[err]
| ower than the 450[err]C tem perature required for Co-ZSM5 (Run 11) to
yi el d conparabl e conversion. Mdreover. Ni-Al-hydrotalcite (Run 10) provides
substantially the sane conversion to NNerr]O at a process tenperature of
450[ err] when in the absence or presence%of oxygen and water. WWen Al[err]
is partially replaced by LaJerr](Al/La = 1) (Run 19), the resulting
mat eri al . Co-THd activk gatahidis of tha orasenSavetienfarecianved pmimyagdat mered maral bygrogides hagivg a divatent ian
t enper at ur whighsomtiajly subgBited oy ¥ig@)ent ions whosa excess positive charge is compensated by anions occupying the
interlayer positions. Techniques capable of preparing the aranic clay materials of the general and prafarrad ambodi-
ments are available in the public domain. Far example, suitable methads include the synthetic techniques described by
S. Miyata and cowarkers, Nippon Kagaku Zasshi 92 (1971) 514, ion exchange techniques described by S. Miyata and
coworkers, Clays Clay Miner. 31 (1983) 30S; and techniques invoiving neutralization of the respective carbanates
described by D. L. Bish, Bull. Mineral 103 (1980) 170.

For example, Reichte (Solid States lonics 22 (1986) 135) teaches several methods for preparing anionic clay min-
erals suitable for practicing the enumerated process. A general methed far preparing such materials involves mixing a
concentrated aquecus solution of the desired cationic metal sources {represented by M2* and M3* in the formula of the
general and preferred embodiments) with an aqueous hydroxide/carbonate solution to yield an amorphous gel which is
thermally aged at a temperature between 60° to 325°C to provide an active catalyst for processes ather than NyO
decompasition, .

Alternately, the anionic clay materials of the present invention can be prepared by conventional methods proposed
by Reichle and coworkers (J. Catal., 94 {1985) 547) whergin desired metal nitrates are sequentially precipitated using
a NaOH/Na,CO, mixture. The resultant precipitate is aged at 65°C for 24 hours and is filtered, washed with distilled
water and dried overnight at 70°C to provide the desired anionic clay powder.

An alternate method for preparing the enumerated anionic clay materials, in general, and HT, in particular, com-
prises adding a sofution of mixed magnesium/aiuminum nitrates, sulphates or chiorides to a stoichiometric solution of
sedium hydroxide and sodium carbonate at about 25° to 35°C, while stirring vigorously over a period of several hours
to form a slurry. The slurry is heated to about 50° to 200°C for 1 to 18 hours (preferably 60° - 75°C) in arder to pramate
crystallization. A practical mixing temperature ranges from about 65° - 75°C which yields a crystal of about 150 -300 A
in size having a surface area of 100-120 m2/g (BET/N, technique). The resulting salids are recovered by filtaring fol-
lowed by washing and drying.

The rate is which the metal ions are acded to the aqueous caustic/carbonate soluticn is not critical to preparing the
materials nor is the reaction temperature. The rate of addition can also be varied widely. However, the solutions must
be effectively agitated in orcler to preclude undesirad reacions from taking place. The acdition temperature is normally
maintained at or abicut raam temperature. The resulting gel material is aged at elevated temperatures, normally less
than 100°C, to form hycrotaicite crystallite.

Agplicants have disceverad that the anionic clay materials should not be washied excessively pricr to heat treat-
ment because such excassive washing results in diminished catalyst activity. Applicants believe that excessive washing
aof the anionic clay precurscer removes alkali metal or atkaline earth metal fromn the material. Applicants have further clis-
covered that materials having diminished alkali metal or alkaline earth metaf content due tQ excassive washing can be
medified by adcing small amounts of the depleted alkali metal saits or alkaline aarth metal saits to the material prior to
caicination to provide a catalyst which exhibits enhancad activity toward N,O decompasition. Fer example, scdium
saits, potassium salts, lithium salts and calcium salts can be used far this purpese.

The resulting materials represented by the formulae of the general and preferred embodiments are heat treated at
a temperature between about 150° and 80Q°, preferably between 300° and 5Q00°C, in air, an inert gas stream, in vacue
or in situ in the presenca of the N,O-containing stream to be decomposed to provide a catalyst which possesses a well
defined X-ray powder pattern, The heat treatment temperature used o convert the anionic clay material to the active
catalyst can be varied widely. At temperatures less than about 200°C, the desired mixed metal oxides ara formed slowly
and incompletely. The heat treatment temperature should be selected to provide to control the extent to which the ani-
onic clay material is converted to active catalyst while maintaining acceptable surface area.

Preferred temperatures for heat treating a given anionic clay material according to the present invention can be
readily determined withaut undue axparimentation. Non-stoichiometric, well dispersed mixed metal oxides are formed
upon heat treating the enumerated anionic clay materials within the specified temperature ranges. The heat treatment
causes the mono-, di- and trivalent anions represented by "A" in the farmula of the general and preferred embodiments
to decampase te a volatile gas thereby forming the active catalyst.

The fine catalyst powders cbtained according ta these methods can be supported an conventional inorganic sup-
ports such as clays, alumina, silica, silica/alumina, titania, zeclites or cordierite. The powders can be formed into peilets
or extruded !0 form particles which are wear and impact resistant and can function eftectively in fixed-bed reactars.
Conventional binders and other additives can be added to the catalyst to aid in the forming process.

The process for destraying nitrous oxide comprises cantacting a gaseous mixtura containing nitrous oxide with a
desired catalyst according to the prasent invention under conditions sufficient to canvert the nitrous oxide to gaseous
nitrogen and gasedus oxygen. The amount of catalyst ta be utilized in the present process varies depending upon the
reaction conditions (i.q., temperature, pressure and tha like), and the amount of N,O rasiding in the procass stream to
be treated. Dasirably, an effactive amount of catalyst is used, i.e., that amount which causes a reaction to occur when
N2Q is placed in contact with the enumerated catalysts under the specified reaction conditions. The catalysts of the
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invention can be fabricated onto high temperature supparts known in the art including those customarily used in maobile
and stationary emission control applications.

The process of this invention can be utilized to remove N,Q from essentially any gaseous stream containing N»Q
and the process is qperative even when appreciable amaunts of hydracartons, NOx, water and axygen ara presant in
the N,O-containing gaseous mixture, The process accarding to this invention is typically run at temperatures ranging
from about 100°C to 800°C and pressures between about 0.1 and 100 atmospheres. However, higher temperatures
may be utilized hecause the maximum temperature for canducting the pracass is limited anly by the temperatura stahil-
ity of the catalyst itself. Mare particularly, the process can be advantageously run under fixed bed conditions at temper-
atures ranging from about 100°C to 800°C and a gas hourly space velacity ranging from 1,000 to 300,000 hr?,
preferably 7,500 hr'' to 30,000 he't,

FIG. 1 illustrates conversion of N,Q to gaseous nitrogen and oxygen obtained as a function of time and tempera-
ture using a cobalt-aluminum hydrotalcite catalyst which was calcined at 500°C according to the present invention. FIG,
1 indicates that N,Q decompasitian activity of the subject catalysts is not markedly affected by expasure 10 a simulated
water-cantaining N,O process stream {15% N,0O, 2% H,0 and the balance helium) over a 30 hour pericd. 0.25g of the
catalyst was utilized at a space velocity of 18,000 hr'. FIG. 1 alsa illustrates that conversion of NoQ to gaseaus nitrcgen
and oxygen approaches 100% at a process temperature of §50°C ard approaches §5% at a process temperature of
475°C and that such a desired conversion level can be achieved by adjusting the process operating temperature or
space vaiocity.

FIG. 2 illustrates conversian cf N,O to gasecus nitrogen and oxygen cbtained as a function of time using a ccbalt-
aluminum hydrotalcite catalyst which was calcined at 500°C. A larger bed of catalyst was used in this experiment com-
pared to the experiment according to FIG. 1. While the process temperature was initially maintained at 500°C, the tem-
perature of the catalyst bed increased to about 670°C due to the exothermic nature of the reaction. FIG. 2 incicates that
activity of the subject catalyst was not markecly affected by oxygen or moisture in NoO containing gasaous mixture over
the 175 hour test pericd. The Prccess stream contained 10% NoQ, 2% H20, 2% O, and the balance helium. FiG. 2illus-
trates that conversion of N,O to gasecus nitrogen and oxygen agproaches 100% at a precess temperature of §70°C.

FIG. 3 illustratas the light off curves of the calcined cobalt hydrotalcite catalyst of the prasent invention versus a Co-
ZSM-S catalyst in either trilcbe or extrudate form. Experiments were conducted using a feed stream comtaining 10 NaO,
2% water, 2% oxygen and the balance nitrogen. Reactor pressure was maintained at 10 psig and gas hourly space
velocity was maintained between 16,000 and 18,000 hr''. The Co-ZSM-5 catalysts are presented in U.S. Patent
5,171,583, issued December 15, 1992, and assigned to Air Products and Chemicals, Inc., Allentown, Pennsylvania,
U.S.A. While the subject hydrotalcite catalyst and Co-ZSM-3 catalyst previde high conversion of NoO to gasaous nitro-
gen and oxygen, the calcined hydrotalcite catalyst demonstrates a light off temperature at least 75°C lower in temper-
ature than Co-ZSM-S. The lower light off termperatures for the catalysts of the presant procass compared to prior art
catalysts represents a significant process advantage in that energy requirements are reduced and less wear and strass
are placed upon pracess equipment.

FIG. 4 demonstrates that surface area of the catalysts according to the present process is substantially affected by
heat freatment temperature empioyed during preparation of such catalysts. The data demaonstrate that the cptirmum
heat treatment temperature for achieving maximum surface area varies depending upon catalyst composition. For
example, maximum surface area for Ni-Al hydrotaicite is achieved using a heat treatment termperature of about 220°C
while maximum surface area for Co-Al hydrotalcite is achieved using a heat treatment temperature of about 320°C.

The following examples are provided to further illustrate various embodiments of this invention and to provide a
comparison between the enumerated catalysts of this invention and prior art catalysts for destroying N,O residing in
gaseous mixtures containing axygen and/or water. The examples are provided to illustrate the nature of the claimed
process and are not intended to fimit the scope of the claimed invention. Unless otherwise stated, parts and percent-
ages in the examples are given by volume.

M 1 i

Inductively coupled plasma emission spactroscapy was used to analyze for M2* and M3* and Na*. X-ray diffraction
patterns of the samples were taken using a Philips X-ray generatdr (Model PW1130) using CuK,, radiation (A = 1.5418
A except for Co-cantaining compound wherain CoK,, radiation (A = 1.7902 A) was used. TGA of these compaunds were
recarded on a Perkin-Eimer TGA7 instrument at temperatures ranging from 50-800°C at a heating rate of 20°C/min.,
under nitrogen atmosphare. The BET surface area of the catalyst powders was measured using a Carlo-Erba (Model
1800) sarptometer at 77°K(,
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AMP
PREPARATION OF COBALT-ALUMINUM HYDRQTALCITE HAVING A Al M R RATIQ OF

A solution of 58.21g (0.20 mol) cobalt nitrate hexahydrate and 37.5g (0.10 mat} of aluminum nitrate nonahydrate in
70 cc of distilled water was added drapwise (aver a 4-hour period at raam temperature) to a solution containing 28.87g
{0.70 mot) 97% NaOH, 20.03g (0. 189 mal) sodium carbonate and 2.2 mal distilled water. The precipitate was stirred for
30 minutes, heated to 65°C for 16 hours, filtered, washed with large amaunts of distilled water to remave excess sodium
and nitrate, and dried at 110°C. 54.7% Ca by weight, 11.2% Al by weight, Co/Al (atom) = 2.23, d(003) 27.58A,

XRD and IR confirmed that the compound prepared is singte phase in nature with hydrotalcite-like structure. XRD
showed sharp and symmetric reflections for (003), (006) and (110) planes indicating crystallinity characteristic of clay
minerals passessing a layered structure. TGA studies showed two stages of weight losses. The first weight loss occur-
ring between 150° and 200°C and the second occurring between 225° and 275°C. This resuit was substantiated by dif-
ferential scanning calorimetry resuits which showed two endothermic peaks corresponding to the twa weight losses.

EXAMPLE 2
PREPARATION OF NICKEL-ALUMINUM HYDROTALCITE HAVING A Ni/Al MOLAR RATIQ OF 2

A solution of 58.16g nickel nitrate hexahydrate and 34.51g of aluminum nitrate nonahydrate in 140 cc of distilled
water was added dropwise {cver a 4-hour period at reom temperature) to 228 cc solution of 28.87g 97% NaOH and
20.03g sodium carbonate while maintaining the temperature at or below room temperature. The precipitate was stirred
for 30 minutes, heated to 65°C for 16 hours, filtered, washed with large amounts of distilled water to remave excess
sodium and nitrate, and dried at 110°C. 55.1% Ni by weight, 13.1% Al by weight, NifAl {atom) = 1.97; d(003) = 7.55 A,

EXAMBLE 3

PREPARATION OF COPPER-ALUMINUM HYORQTALCITE HAVING A AL MOLAR RATI E

A solution of 23.26¢ cugric nitrate pentahycrate and 18.76g of aluminum nitrate nonanydrate in 140 cc of distilled
water was acded cropwise (over a 3-hour pericd at reom temperature) to a 114 ¢ solution of 14.44g 97% NaOH and
10.02g sadium carbenate while maintaining the temperature at or below rcom temperature. The precigitate was stirred
for 60 minutes, heated to 65°C for 18 hours, filtered, washed with large amounts of distilled water to remove excass
sodium and nitrate, and dried at 110°C. 656.0% Cu by weight, 12.6% Al by weight, Cu/A1=2.22.

EXAMPLE 4

PREPARATION OF COBALT MAGNESIUM - ALLUMINUM HYDROTALCITE HAVING A Co/Mg/AL MOLAR RATIO OF
2111

A solution containing Co2*, Mg?* and Ai** was made by dissclving 29.1g Co(NO3)26Hz0 (0.1 meli), 12.8g
Mg(NQ4),6H20 (0.05 moal) and 18.8g (Al(NQ3)29H,0 (0.05 moi) in 75 mi of deionized water at room temperature. A
secaond soiution was made by dissalving 14g NaOH (0.35 mol) and 10.6¢ NagCQ; (0.1 mal) in 100 mi of deicnized
water at rcom temperature. The second solution was slowly added (drop-by-drap) to the first solution at room temper-
ature in a period of 1 hour with a vigorous stirring. The final pH of the precipitate suspension was 10. The precipitates
wera aged at 65°C for 18 hours with a good mixing, The resuiting product was then filtered, washed with 300 mi of water
in a beaker and filtered again. Finally, the material was dried in an oven at 110°C in air overnight. The yield was 18.0g.
The anionic clay material prepared according to this method carresponds to the formula of the preferred embodiment
wherein M is a mixtura of cobalt and magnesium. Elemental analyses of this sample show 30.7% Co by weight, 6.05%
Mg by weight and 7.12% Al by weight. The moalar ratia of Co/Al=1.97 and Mg/Al=0.94, The d(0C3) spacings were found
to be 7.69A by X-ray diffraction.

EXAMPLE S

PREPARATION OF COBALT-RHODIUM, ALUMINUM HYDROTALCGITE HAVING A Co/RiVAL MOLAR RATIQ OF
200.211

A solution of 1.0g {10% Rh) rhodium nitrate, 28.81g cobait nitrate hexahydrate and 18.76g of aluminum nitrate non-
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ahydratain 114 cc of distilled water was acded dropwise (over a haif-hour pericd at room temperature) ta a 114 ¢ selu-
tion of 14.44q 97% NaOH and 10.02g scdium carbonate while maintaining the temperature at or below raom
temperature. The precipitate was stirred ‘or 2 hours, heated ta 65°C for 18 hours, filtered, washed with large amounts
of distilled water to remove excess sodium and nitrate, and dried at 110°C. The anionic ¢clay material prepared accord-
ing to this method correspands to the formula of the preferred embodiment wherein M is cobalt and a portion of the alu-
minum has been replaced by rhodium. 58.3% Co by weight. 11.9% Al by weight, Co/Ai=2.24, Rh/AI=0.018; d{003) =
7.54A,

EXAMPLE 6
CATALYTIC DECOMPOSITION OF N.Q QVER CALCINED ANIQNIC CLAY CATALYSTS

The following general procedure was utilized for catalytically converting N,O to gasecus nitrogen and gaseous oxy-
gen aver the catalysts of the present invention. The reactor is was a Quartz, "U" tube having an iniet of 6,35 mm (1/47)
Q.D. and an outlet of 9,5 mm (3/8") O.D., wherein the catalyst was located at the outlet section. Typical catalyst weight
used in these tests was 0.1 gram. The GHSV was 30,000h"". The reactor was surrounded by a temperature-cantrolled
furnace and the temperature was monitored by a J-type thermocouple which was in contact with the catalyst bed. The
concentration of NoQ was 385 ppm balanced by He. Oxygen (2.5%) was added for some runs. H,O (2%) was added to
the feed via a M,O saturator, and the level of HyO added can be controlled by adjusting the temperature of this saturator.

The activity measurements were made using a microcatalytic reactor in a steady-state flow mede. Product analysis
was obtained using an on-line gas chromatograph with a thermal conductivity detector. The separation column was
packed Porapak Q (80/100 mesh) and was 1,219 m (4 feet) long having a 3,17 mm (1/8") auter ciameter. Chromato-
graph oven temperature was 25°C and the flow rate of the carrier gas was 30 cm¥min.

N,Q decomposition experiments were carried out at armbient prassure and 0.1g of catalyst in a plug-flew reacter
was used for 2ach run. The flow rate cf the fead was 100 cm>/min and remained constant resulting in a gas heurly
spaca velocity (GHSV) of 30,000 h''. The reaction temperatures siudiec ranged frem 200° ‘o about 800°C. Tha cata-
lysts studied were dried for ane hour at 5C0°C over a helium straam prior 10 use.

PRESENTATION OF DATA

The catalysts accerding to Examples 1 through S and various grior art catalysis were tested according to the pre-
cedure of Exampie § for catalytic deccmposition of N,O in the grasence of oxygen. Reaction cenditicns were main-
tained constant using a feedstream of 0.1% N,O and $9.8% helium. A N,O-containing gasacus mixture containing
2.5% oxygen and 2% H,0 was used as a feedstream in order to determine the effect of axygen and water on catalyst
activity.

The results presented in Table 1 compare reaction conversicn of N0 to gaseous nitrogen ard oxygen obtained
using calcined cobalt-aluminum hydrotalcite catalysts having varied ratios of cobalt and aluminum cation as a function
of temperature. Runs 1 through 5, prepared according to the method of Example 1, present materials having a Cc/Al
ratio ranging from 1.1 to 3,55 which were used to decompose N,O residing in a helium stream containing 985 ppm N,O
and alternately, 2.5% oxygen or 2.5% oxygen and 2% water vapor. The results demonstrate that N,O conversion for
each of the runs increases with incraasing reaction temperature with the best results obtained according to Run 4 which
exhibits 84% N,Q conversion at a reaction temperature of 450°C. Runs 3 through 5 demonstrate that the gresence of
oxygen or oxygen and water vapor in the NyO-containing gaseous mixture diminishes NoO conversicn.
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TABLE t
Effect ot Ca/Al Ratio on N,O Decompasition Using a Cabait-Aluminum Hydrotaicite Cataiyst
Calcined at 500°C*
Run | Catalyst Co/Al Ratio | BET Area (mz,'g) N»Q Conversion (%)
300°C | 350°C | 400°C 450C 500°C

1 1.1 164 8 12 22 45 79
2 2.0 9 17 26 68 93
3 2.55 16 27 49 | 81(61%179) | NA
4 3.0 100 13 24 53 84(67°.25% N/A
5 3.55 10 18 43 82(61°.14%) | N/A

# Test conditians: 985 cpm N4Q in He; 0.1g sampte; F = 100 c/min.
9 with 2.5% oxygen
¢ with 2% water and 2.5% oxygen

Table 2 iflustrates the effect of caicinaticn temperature on catalyst activity for NoQO decemposition using a ccbalt alu-
minum hycretalcite catalyst having a Co/Al ratic of 2.2. Runs 8 through 8, prepared according 16 the method of Example
1. were usec to decamposa NaO residing in a hetium stream containing 385 spm NoO and alternately, 2.5% oxygen or
2.5% oxygen and 2% water vaper. The resuits demenstrate that NLC conversicn is maximized when the subject catalyst
is calcined (heat treated) at a temperatura ranging frem 4C0° ta 500°C. Runs 5 and 7 demonstrata that the grasenca of
oxygen or axygen and water vagcr in the N,C-containing gasacus mixture diminisnes N.O ccnversicn,

TAGLE 2

Effect of Calcination Temperature on Catalyst Activity for N,O Decampasition Using a Cobalit-Alu-
minum-Hydrotalcite Catalyst (Co/Al=2.2)?

Run | BET Area (m®g) Calcination Temp N,O Conversian (%;
°C)
300°C | 3s50°C | 4Q0°C 450°C l 500°C
6 Se 4C0 45 79 94 99(97°,43% | NA
7 500 a7 74 93 | 99(36°.54%) | NA
8 10 800 S 2] 9 12 27

2 Test cangilions: 985 ppm NoQ in He; 0.1g samgie; F = 100 c/min.
B.with 2.5% oxygen
© with 2% water and 2.5% oxygen

The resuits presented in Takle 3 campare reaction conversicn of N,O to gasecus nitrogen and oxygen cbtained
using caicined anicnic clay materials containing sepper (Run 9), nicket (Run 1Q). rhodium (Runs 16 and 17) ard ccbalt,
palladium (Run 12) versus conversion obtained using Co-ZSM-S (Run 13), disclosed in U.S. Patent 5.171,553. The
rasults demonstrate that the claimed process provides excellent canversion of N,C to gaseaus nitregen and oxygen. In
particuiar, Run 17, a cobalt-rhodium aluminum hydrotalcite, prepared according ta Example S, provides 100% conver-
sian of N,O 10 gaseous nitrogen and oxygen at a pracess temperature of 300°C, a fuil 150° lower than the 450°C tem-
perature required for Ca-ZSM-5 (Run 11) to yield comparaktie conversion. Moreaver, Ni-Al-hydrotalcite (Run 10)
pravides substantially the same canversion ta N,O at a process temperature of 450° when in the absence or presence
of oxygen and water. When A+ ig partially reptaced by Lad~ (Al/La = 1) (Run 19), the resulting material, Co-Al, La-HT,
shows significantly high activity at low temperatura (79% at 300°C).
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The enumerated catalysts of the present invention provide several improvements over prior art processes for

removing N;O from combustion processas. First, the claimed catalysts are unexpectedly more active at lower pracess
operating temperatures than priar art catalysts in converting N>O to nitrogen gas and oxygen gas. Second, the catalysts
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are not significantly deactivated in the prasenca of axygen or water in the process leedstream.
Claims

1. A prccess for remaving NaQ from an N2O-containing gaseous mixture which comprises reacting the NaQO-contain-
ing gasecus muxture in the presence of a catalyst under conditions sufficient to canvert the NO to gasecus nitra-
gen and gaseous Oxygen, wherein the catalyst comprises an amonic clay material represented by the formula
M mN n(OH) (2m ~ zn)A a’ bH 20

wharein

M is a divalent metal cation;

N is a trivalent metal cation;

A is a mono-, di- or trivalent anicn which decomposes when heated to a temperature sufficient to larm 3 volatile
gas,

m ard n are such that m/n has vaiues of 0.5 to about §;

a is a number with the provisos that when A is a divalent anion, a = 1/2n and when A is a trivalent anion
a = 1/3n and

b is an integer having values of 1 to 10

which anionic ctay matarial is first heated to the temperalure sufficient to cause A, the meng-, di- or trivalent anion,
to decompesa to form the volatile gas and thereby convert the anionic clay material to the catalyst.

2. Theprocess acsording to Claim 1 wherein the anicnic clay material is heated to a termperature ranging frem 200°C
tc 8C0°C to form the catalyst.

3. The process aczording to Claim 1 wnerein the reaciing is conducted at a temperature ranging frem 100° to 800°C
and pressures ranging frem 0.1 to 300 atmcesgheres.

4. The grocass acsercing to Claim 1 wherein the reacting is vanduc‘—d at 3 tamparaturs ranging from 1607 to 80C°C
ard a gas heourly spaca velccity ranging frem 1,0C0 te 360,000 net.

5. The process according to Claim 1 whera M is selected from the group censisting of Co?”, Ni*, Cu?*, Pa2*, Zn?",
Mn2*, Mg2* and Fa2* and N is seiacted from the group cansisting of AIR*, Ga®*, In3*, Fa3*, Rh*~, Co®~, B3, Cr*,
La®", Sc** ana Y3+,

6. The pracess according to Claim 1 wherain N is selected trom the group censisting of Ca®*, Na®*, Pm?*, Sm®*,
Eud=. Ga®*, Th3*, Dy¥*, Ho3*, 73+, Tm®*, Y&¥* and Lu®*.

7. The procass according to Ciaim 1 wherain the ratic of m to n recited in the formula ranges from 1to 4.

8. Anprocess for removing NO from an NyO-containing gaseous maturs which comprises reacting the NpQ-contain.
ing gaseous mixture in the presence of a catalyst under conditions sufficient to convert the NoQ to gaseous nitro-
gen and gaseous oxygen wherein the catalyst comprises an anionic ¢clay material represented by the formula
M A ™ 1{OH) (3 3jA 4 *BH 20

wherain

Mis Co?*, Cu?*, Ni%*, PR or Mg2";

A is a mono-, di- ¢r tri-valent anion which decomposas when heated to a temperature sufficient to ferm a val-
atile gas;

m and n are such that myn has values of 0.5 to about §;

a is a number with the proviscs that when A is a divalent anion, a = 1/2n and when A is a trivalent anion
a=13n and

b is an integer having values of 1 to 10; -
which anionic clay material is tirst heated to the temperature sufficient to cause A, the meno-, di- or trivalent anion,
ta decampasa to form the volatife gas ard thereby convert the anionic clay material to the catalyst.

9. The process according to Claim 8 wherain the anionic ¢lay material is heated to a termperature ranging from 200°C
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ara not signficantly deactivated n the presence of axygen or water i the pracass leedstream.

Claims

1.

9.

A

A pracess for removing N.O trom an N, C-containing gaseous mixture which comprises reacting the N,O-contain-
ing gaseous mixture in the presence of a catalyst under conditions sufficient ta convert the N.O to gasecus ritro-
gen and gaseous oxyqen wherein the catalyst comprises an anionic clay material represented by the formula
M N, (OH) @m+2mPa*BH 20

wherein

M is a divalent metat cation;

N is a trivalent metal cation;

Ais a mono-, di- or trivalent anicn which decomposes when heated to a temperature sufficient to form a volatile
gas,

m ard n are such that m/n has vatues of 0.5 to about §;

a is a number with the proviscs that when A is a divalent anion, a = 1/2n and when A is a trivalent anion
a=143n and

b is an integer having values of 1 to 10

which anionic clay material is first heated to the temperature sufficient to cause A, the mono-, ci- or trivalent anicn,
to decompose to form the volatile gas and thereby convert the anionic clay material to the catalyst.

The process according to Claim 1 wherein the anionic clay material is heated ‘o a temperature ranging from 200°C
te 8C0°C to form the catalyst.

The precess according to Claim 1 wherein the reacling is concucted at a temperature ranging frem 100° to 800°C
ard pressures ranging frem 0.1 to 20C atmcsgheres.

The orocass accerding to Claim 1 wherzin the reacting is vancucad at a termgeratura ranging frem 160° tc 8CC°C
and a gas hourly scaca velocity ranging frem 1,000 tc 300,600 hr'

ne process acc rcing ta Claim 1 where M is selectad frem the greup sensisting of Co~. Ni**, Cu*, Pd?*, Zn?*,
Vlnz’ Mg- and Fe2* ard N is seiected from the group consisting of AP~ Ga3, In®*, Fe®, Rh" Co®~, 3%, CA*,
La®", Sc** and Y3+,

The process accerding ta Claim 1 wherein N is selected fram the greup cansisting of Ca®*, Ne3=, PmP~, Sm®*,
Eu?*, Gd®*, Th¥= Dy%*, Ho®*, £~ Tm, Yo" ana Lu®*.

The precess according to Claim 1 wherein the ratio of m 10 n recited in the formula ranges from 1to 4.

A pracess ‘or removing NoQ fram an NpO-cantaining gasecus mature which comprises reacting the NzQ-contain-
ing gaseous mixture in the presance of a catalyst under corditions sufficient to convert the NyQ to gaseous nitro-
gen and gaseous oxygen wherein the catalyst comprises an anionic clay material represented by the farmula
M A' n(OH) @m.+amAa tBHZ0

wherein

Mis Co?*, Cu?*, Ni?*, Pd2" or Mg2*;
A is a mane-, di- ar tri-valent anion which decompaoses when heated ta a temperature sufficient to farm a val-
atile gas;

m and n are such that mvn has vaiues ot 0.5 10 acout 6;

ais a number with the provisos that when A is a divalent anion, a = 1/2n and when A is a trivalent anion
a= 1/3n and ]

b is an integer having values of 1 to 10; =~

which anionic clay material is first heated to the temperature sufficient o cause A, the meng-, di- or trivalent anion,
to decompose to form the volatile gas ard thereby convert the anionic clay material to the catalyst.

The process according to Claim 8 wherein the anionic clay material is heated to a temperature ranging from 200°C
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12,

13.

13,

15.

16.

17.

18.

19.

to 3C0°C 1o torm the catalyst.

. The pracass according to Claim 8 wherein the reacting is conducted at a temperatura ranging frem 1C0” o 360°G

and prassures ranging from Q. 1 to 300 atmasphaeres.

. The pracess according to Claim 8 wherein the reacting is cenducted at a temperatura ranging trom 1€0° to 300°C

ard a gas hourly space velocity ranging frem 1,000 to 360,000 hr'',

The process accorcing o Claim 8 wherein M as represented in the fermula is ccpper.

The process according to Claim 3 winerain M as represented in the farmula is cctalt.

The process according o Claim 8 wherain M as representecd in the fermula is mickel.

The pracess accarding to Claim 8 wherain M as reprasanted in the farmula is patlacium and cebalt,

The process accarding to Claim 8 wherein M as represented in the ‘ormula is cebalt and magnesium.

The precass accarding to Claim 3 wherein M as represented in the formula is cotalt and zing,

The process accarding to Claim 3 wherein the anionic clay material is coiait-lantharum aluminum hydretsicite.

The grccass accerding to Claim 8 wierein the anicruc clay materiai 1s cebalt-rhedium aluminum hydretaicite,

A
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Conversion of NZO (%)

renmovi ng N2O from an N2O- cont ai ni ng gaseous
m xture which conprises reacting the N20O cont ai n-

I ng gaseous m xture
in the presence of a catal yst under conditions sufficient to convert the
wherein the catal yst
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MmN n(OH) (2m + 2n)Alerr] bH 20 wher ei n Mis a

di val ent netal cation; Nis a trivalent netal cation; Ais
a nono-, di- or trivalent anion which deconposes when heated to a
tenperature sufficient to forma volatile gas: mand n are

such that mn has values of 0.5 to about 6;
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Conversion of NZO (%)
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ais a nunber with the provisos that when Ais a divalent anion, a = 1/2n

and when A is a trivalent anion a = 1/3n and b is an

i nt eger having values of 1 to 10 whi ch anionic clay material is first
heated to the tenperature sufficient to cause A, the nono-, di- or

trival ent anion, to deconpose to formthe volatile gas and thereby

convert the anionic clay nmaterial to the catalyst. 2. The process
according to Claim1l wherein the anionic day naterial is heated to a
tenperature ranging from200[err]C 1
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to 800[err]Cto formthe catalyst. 3. The process according to Claim1l
wherein the reacting is conducted at a tenperature ranging from 100[err] to
800[err]C

and pressures ranging from0.1 to 300 atnospheres. 4. The
process according to Caim1l wherein the reacting is conducted at a

tenperature ranging from 100[err] to 800[err]C and a gas hourly space
vel ocity ranging from 1. 000 to 300,000 hr[err].
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5. The process accordlng to daim1 where fis sel get ed fron1the g&oup
consi sting of Cb[err] N-[err], Culerr], Pd[err], ;n[err] : Nh[@rr]

My[err] and Fe[err]: and N is selected fromthe grogp conS|st|ng of, AI[err]

Ga[err]
Sclerr]
sel ected
Eu[ err]
Lu[err].

and Y[err] 6 The process accordlng to Cla|n11 mhereln N.IS'7714
,Gd[err],'Th[err]; Ey[err] Fb[err] Er[err], Tn[err]: Yb[err] and’
Déscridtto® pr ocess accordlng to Caim1l wherein the ratio of mto n

nferr], Fe[err] Rh[err], Co[err]. Blerr], C[err], La[err]

recited in the fornmula ranges from1l to 4.

TJECHNICAL FIELD OF THE INVENTION

The present invention describes a highty efficient pollution control process for catalytically converting nitrous oxide
(N2Q) into nitrogen gas and oxygen gas which utilizes decomposition catalysts derived from anionic clay minerals,
which after appropriate heat activation, provide superior N,Q decomposition activity.

BACKGROUND OF THE INVENTION

Nitrous oxide {N,O) is not commonly considered an atrospheric pollutant and has not been considered a constit-
uent of the gaseous poliutants collectively referred to as nitrogen oxides (NO,) which have received wide attention as
poliutants harmful to the environment. However, recent studies indicate that NoQO in the Earth's atmasphere may be
increasing at a rate of about 0.2% per year and that this increase appears to be caused by anthropogenic activity.

NoQ is a major stratospheric source of NO, is believed to be involved in destroying the ozone tayer and is recog-
nized to be a green-house gas. Because NyO has an atmospheric lifetime of approximately 150 years, researchers are
attempting to identify saurces of the pollutant and to limit further production of the harmful gas. Recent reports such as
an article by Thiemens and Trogler, Science, 251({1991)932 suggest that various industrial processes significantly con-
tribute to the increased levels of N,O found in the Earth’s atmosphere.

For example, nitrous oxide is a by-product formed during the manufacture of monomers used in producing 6.6- and
6.12-nylon. Approximately 1.24 X 10% kg of nylon were produced in the United States in 1988, alone. Nylon polymers
are typically formed by subjecting a dicarboxylic acid and a diamine fo a condensation polymerization reaction. The
most widely used dicarboxylic acid, adipic acid, is prepared primarily by axidizing cyclohexane in air fo form a cyciohex-
anoi/cyclohexanone mixture followed by oxidizing such mixture with HNO; to form adipic acid and N,O. Thiemens and
Trogler calculate that about 1 mal of NoO per mole of adipic acid is formed as a side product in adipic acid processes.
Assuming that 2.2 x 10° kg of adipic acid are produced globally per year, about 1.5 x 10" mol yr'! of N,O by-product
or 10% of the annual output of atmospheric N;O can be attributed to this single process.

M. Schiavello and coworkers, (J. Chem. Scc. Faraday Trans. 1, 71(8), 1642-8) studied various magnesium oxide-
iron oxide and magnesium oxide-iron oxide-lithium oxide systems as N-O decomposition catalysts. While magnesium
oxide-iron oxide samples which were fired in air and which contained MgFe,O, demonstrated low activity, similar sam-
ples fired under reducing atmospheres and containing Fe?* in solid solution demonstrated greater activity. The
researchers concluded that Fe3* ions in the tferrite phase are not cataiytically active toward the subject reaction
whereas Fe®* ions contained in MgO together with Li* are catalytically active when the ratio of lithium to iron is less than
1.

P. Porta and coworkers (J. Chem. Soc. Faraday Trans. 1, 74(7), 1595-603) studied the structure and catalytic
activity of Co,Mg,.,Ala Q4 spinel solid solutions for use as catalysts in decomposing N3O into gaseous nitrogen and oxy-
gen. The catalytic activity per cobalt ion in various NoO decompasition catalysts was found to increase with increasing
dilution in MgQ. The distribution of cobalt ions among octahedral and tetrahedral sites in the spinel structure of Co,Mg,.
*AlzO4 was found to vary with temperature and the fraction of cobalt ions in octahedral sites was found to increase with
increasing quenching temperature. The researchers concluded that catalyst activity generally increases as a greater
amount of cobait ions is incorporated into octahedral sites in the structure.

W. Reichle (Journal of Catalysis 94 (1985) 547) reported that various anionic clay minerals belonging to the pyro-
aurite-sjogrenite group, such as hydrotalcite (MggAla(OH);6(CO3%") « 4H,0 can be thermally decomposed to form a
product which is a useful catalyst for vapor-phase aldol condensations. Replacement of Mg by Fe, Co, Ni and Zn an/or
replacement of Al by Fe and Cr also results in isomorphous double hydroxides which, on heat treatment, are rendered
catalytically active. The reference also states that the activity of the catalyst is strongly affected by the temperature at
which the hydrotaicite is activated.

US-A-5 039 645 discloses the use of hydrotacite as a support material in a catalyst for oxidizing N,O to NO,.

U.S. Patent 5,171,553, assigned to Air Products and Chemicals, Inc., Allentown, Pennsylvania, discloses a highly
efficient, commercially viable process for removing N,O from gaseous mixtures. The process utilizes catalysts compris-
ing a crystalline zeolite which, at least in part, is composed of five membered rings having a structure type selected from
the group consisting of BETA, MOR, MF1, MEL and FER wherein the crystalline zeolite has been at least partially ion-
exchanged with a metal selected from the group consisting of copper, cobatt, rhodium, iridium, ruthenium and palla-
dium.

Industry urgently desires to develop catalytic processes for destroying NoO emissions prior to venting commercial
process effluent streams into the atmosphere. Although catalytic decomposition of N,O has been studied extensively
in academic institutions, few commercially viable processes are known for decomposing N,O into its respective com-
ponents, namely gaseous nitrogen and gasecus oxygen, which utilizes a catalyst which exhibits activity and life pro-
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8. A'process for renoving N20 from an N20-containingH§§§%@H@EMBBHEETmhiCh

conprises reacting the N20-contai n- I ng gaseous m xture in the presence
of a catalyst under conditions sufficient to convert the N20 to gaseous
nitro- gen and gaseous oxygen wherepn the catal yst conprises an anionic
clay material represented by the fornula MmAl[err] n(OH)[err]Alerr]
bH20 wherei n Mis Co[err], Cu[err], N[err], Pd[err]
or My[err]; - —_—
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The enumerated catalysts of the present invention provide several improvements over prior art processes for
removing N,O from combustion processes. First, the claimed catalysts are unexpectedly more active at iower process
operating temperatures than prior art catalysts in converting N>O to nitrogen gas and oxygen gas. Second, the catalysts

are not significantly deactivated in the presence of oxygen or water in the process feedstream.
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REPLACEMENT SHEET
A is a nono-, di- or tri-valent anion which deconposes when heated to a

tenperature sufficient to forma vol - atil e gas; m and n
are such that mn has values of 0.5 to about 6; ais a nunber with
the provisos that when Ais a divalent jgnion, a = 1/2n and when Ais a
trival ent anion a = 1/3n and b is an integer having
val ues of 1 to 10; whi ch anionic clay material is first heated to the

tenperature sufficient to cause A the nono-, di- or trivalent anion,
Claims

1. Aprocess for removing NoO from an NoO-containing gaseous mixture which comprises reacting the N,O-contain-
ing gaseocus mixture in the presence of a catalyst under conditions sufficient to convert the N,O to gaseous nitro-
gen and gaseous oxygen, wherein the catalyst comprises an anionic clay material represented by the formuia
M N {OH) (2,,”2,,)1\,I +bH,0

wherein

M is a divaient metai cation;

N is a trivalent metal cation;

A is a mono-, di- or trivalent anion which decomposes when heated to a temperature sufficient to form a volatite
gas;

m and n are such that m/n has values of 0.5 to about 6,

a is a number with the provisos that when A is a divalent anion, a = 1/2n and when A is a trivaient anion
a=1/3n and

b is an integer having values of 1 to 10

which anionic clay material is first heated to the temperature sufficient to cause A, the mono-, di- or trivalent anion,
to decompose to form the volatile gas and thereby convert the anionic clay materiat to the catalyst.

2. The process according to Claim 1 wherein the anionic clay material is heated to a temperéture ranging from 200°C
to 800°C to form the catalyst.

3. The process according to Claim 1 wherein the reacting is conducted at a temperature ranging from 100° to 800°C
and pressures ranging from 0.1 to 300 atmospheres.

4. The process according to Claim 1 wherein the reacting is conducted at a temperature ranging trom 100° to 800°C
and a gas hourly space velocity ranging from 1,000 to 300,000 hr''.

5. The process according to Claim 1 where M is selected from the group consisting of Co?*, Ni2*, Cu?*, Pd?*, Zn?*,
Mn2*, Mg?* and Fe?* and N is selected from the group consisting of AR*, Ga®*, In3*, Fe3*, Rh3*, Co3*, B, Cr¥*,
La®*, Sc3* and Y3+,

6. The process according to Claim 1 wherein N is selected from the group consisting of Ce3*, Nd®*, Pm3*, Sm®*,
Eu®*, Gd3*, Th*, Dy?*, Ho3*, EF*, Tm®*, Yb®* and Lu®*.

7. The process according to Claim 1 wherein the ratio of m to n recited in the formula ranges from 1 to 4.

8. A process for removing N,O from an N>O-containing gaseous mature which comprises reacting the NoO-contain-
ing gaseous mixture in the presence of a catalyst under conditions sufficient to convert the N,O to gaseous nitro-
gen ansci gaseous oxygen wherein the catalyst comprises an anionic clay material represented by the formula
M LA (OH) @m+2nPa " BH0

wherein

M is Co?*, Cu?*, Ni%*, Pd2* or Mg?*;

A is a mono-, di- or fri-valent anion which decomposes when heated to a temperature sufficient to form a vol-
atile gas;

m and n are such that nvn has values of 0.5 to about 6;

a is a number with the provisos that when A is a divalent anion, a = 1/2n and when A is a trivaient anion
a=1/3n and

b is an integer having vaiues of 1 to 10;

which anionic clay material is first heated to the temperature sufficient to cause A, the mono-, di- or trivalent anion,
to decompose to form the volatile gas and thereby convert the anionic clay material to the catalyst.

9. The process according to Claim 8 wherein the anionic clay material is heated to a temperature ranging trom 200°C
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to deconpose to formthe volatile gas and thereby convert the anionic clay
material to the catalyst. 9. The process according to Caim8 wherein the
anionic day material is heated to a tenperature rangi ng from 200C
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METHOD FOR DECOMPOSING N20 UTILIZING CATALYSTS COMPRISING

CALCINED ANIONIC CLAY MINERALS

ABSTRACT

The invention describes a highly efficient catalytic pollution control process for
removing N20O from gaseous mixtures. The process utilizes catalysts derived from
anionic clay minerals, which after appropriate heat activation, provide superior N20O
decomposition activity. The catalytic process comprises contacting an N20O-containing
gaseous mixture with the decomposition catalyst under conditions sufficient to convert the
N20 into gaseous nitrogen and gaseous oxygen. The process catalysts are derived from

anionic clay materials such as the hydrotalcites, sjogrenites and pyroaurites.

Figure 1

This Sheet Has Been Replaced

LTI

s
1

hig is the replacement gheet

7 AN 109G

SEITE



(%)

Conversion of N O

2

FIG.1 Catalyst Activity over Time for z~o | Decomposition
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to

10. The process according to Claim8

wherein the reacting is conducted at a tenperature ranging from 100[err]

to 900[err]Cto formthe catalyst.
300[err]C
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FIG.3 Catalyst Activity for ZNO omno§n.0m_.:.o: Using

Various Cobalt-Containing Catalysts
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and pressures ranging fromO0. 1 to 300 atnospheres. 11. The process
according to Claim8 wherein the reacting is conducted at a tenperature
ranging from 100[err] to 800[err]C and a gas hourly space velocity
rangi ng from 1000 to 300,000 hr[err]. 12. The process according to Claim38
wherein Mas represented in the fornula is copper. 13. The process
according to Claim8 wherein M as repregented in the formula is cobalt.
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14. The process according to Claim8 wherein Mas wepresented in the -
formula is nickel. 15. The process according to Caim8 wherein M as,
represented in the fornula is palladiumand cobalt. ~16. The process
according to Claim8 wherein Mas represented in the fornula is cqpalt and -
magnesium 17. The process according to Caim3 wherein Mas represented in

the formula is cobfethd@fdr Aed¥nposing N,O utilizing catalysts comprising gl
calcined anionic clay minerals :

Description

TECHNICAL FIELD QF THE INVENTION

The present invention describes a tughty etficert pollunon control process for catalyticaily convernng mitrous axde
{N=Q) into nitrogen gas and oxygen gas wnich utiizes gecomposition catalysts denved from amicnic Gay minerats,
which atter appropriate heat actvation. provide superior NoO decompesition acavity.

BACKGROUND OF THE INVENTION

Nitrous oxide (N,Q) is net cammaonly considered an atmespheric poflutant and has not been considered a constit.
uent of the gaseocus pailutans coilectively referred 10 as nitrogen cxides (NC,) which have received wide attention as
poliutants harmiul to the environment. However, recent studies indicate that N»C in the Earth's atmosphere may be
increasing at a rate of about 0.2% per year and that this increase appears 1o be caused by anthropogenic activity.

NoO is a major stratospheric source of NO, is believed o be invoived in destroying the ozone layer and is recog-
nized o be a green-house gas. Because NyO has an atmospheric litetime of approximately 150 years, resaarchers are
attermpting to identify sources of the poliutartt and to limit further production of the harmful gas. Recant reports such as
an article by Thiemens and Trogler, Science, 251(1951)932 suggest that various industrial processes significantly con-
tritute to the increased levels of N,O found in the Earth's atmosphera.

For exanrpie, nitrous oxide is a by-product formed during the manufacture of monomers used in producing 6.6~ and
6.12-nylon. Approximately 1.24 X 102 kg of nylon were produced in the United States in 1988, alone. Nylon poiymers
are typically formed by subjecting a dicarbaxyiic acid and a diamine o a condensation polymerization reaction. The
mast widely used dicarboaxyiic acid. adipic acid, is prepared primarily by cxidizing cyciohexane in air to form a cyciohex-
anol/cycichexanone mixture followed by axidizing such mixture with HNO3 to form adipic acid and N,O, Thiemens and
Trogler calculate that about 1 mol of NoO per mole of adipic acid is formed as a side product in ad:pnc adid precesses.
Assuming that 2.2 x 10° kg of adipic acid are produced globally per year, about 1.5 x 10¢ moi yr'? of N,O by-product
or 10% of the annual output of atmospheric NoO can be attributed to this single process.

M. Schiavello and coworkers, (J. Chem. Soc. Faraday Trans. 1, 71(8), 1642-8) studied various magnesium oxide-
iren oxide and magnesium oxide-iron cxide-lithium oxide Systems as N,O decomposition cataiysts. While magnesium
oxide-iron axide sarmples which were fired in air and which contained MgFe,O, demonstrated low activity, similar sam-
ples fired under reducing atmospheres and containing Fe?* in soiid sclution demonstrated greater activity. The
researchers concluded that Fe>* ions in the ferrite phase are not cataiytically active toward the subject reaction
whereas Fe ions contained in MgO together with Li* are catalytically active when the ratio of lithium to iron is less than
1.

P. Porta and coworkers (J. Chem. Soc. Faraday Trans. 1, 74(7), 1595-603) studied the stucture and catalytic
activity of Co,Mg.. Al O, spinel solid soiutions for use as catalysts in decomposing N-Q into gaseous nitrogen and oxy-
gen. The catalytic activity per cobalt ion in various NoO decomposition catalysts was found to increase with increasing
dilution in MgQ. The distribution of cobalt ions among octahedral and tetrahedral sites in the spinel structure of Ca,Mg,.
A0, was found to vary with temperature and the fraction of cobalt iens in ociahedral sites was found to increase with
increasing quenching termperature. The researchers concluded that catalyst activity generally increases as a greater
amount of cobalt ions is incorporated imo octahedral sites in the structure.

W. Reichle (Journal of Catalysis 94 (1985) 547) reported that various anicnic clay minerals belonging to the pyro-
aurite-sjogrenite group, such as hydrotaicite (MggAla(OH)1g(C04%") - 4H,0 can be thermally decomposed to form a
preduct which is a usetful catalyst for vapor-phase aidol condensations, Repiacement of Mg by Fe, Co, Ni and Zn arvor
replacement of Al by Fe and Cr also resuits in isomorphous double hydroxides which, on heat treatment, are renderad
catalytcaily active. The reference also states that the activity of the catalyst is strongly atfected by the temperature at
which the hydrotaicite is activated.

US-A-5 039 645 discloses the use of hydrotaicite as a support material in a catalyst for oxidizing N,C to NO..

U.S. Patent 5,171,553, assigned to Air Products and Chemicals, Inc., Allemown, Pennsylvania, discioses a highly
efficient. commercially viabie process for removing NoO from gaseous mixtures. Tha process utilizes catalysts compris-
ing a crystalline zeclite which, at least in part, is composed of five membered rings having a structure type seiected from
the group consisting of BETA, MOR, MFI, MEL and FER whersin the crystalline zealite has been at least partially ion-
exchanged with a metal selected trom the group consisting of copper, cobalt, rhodium, iridium, ruthenium and palla-
dium.

inaustry urgently desires to develop catalytic processes for destroying NoO ermissions priar to venting carmmercial
process effluent streams intc the atmasphere. Although catalytic cecomposition of N-O has been swdied extensively
in acadermic nstiutions, few commerciaity wable processes are known ior cecompasing f\-‘,u Into its respective COMi-
ponemns. namely gaseous nirogen anc gaseous oxygen, which utilizes a catalyst which exhibits activity and lite pro-
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18. The process according to Caim@8 wherein the anionic day material is
cobal t - ant hanum al um num hydrctalcite. 19. The process according to Claim
3 wherein the anionic clay material is cobalt-rhodi umal um num hydroalicte.

-12 -

Method for.decomposing N,QO utilizing catalysts comprising
calcined anionic_clay minerals

ABSTRACT

The invention describes a highly efficient catalytic pollution control process for
removing N20 from gaseous mixtures. The process utilizes catalysts derived from
anionic clay minerals, which after appropriate heat aétivatiom provide superior N2O
decorﬁbosition activity. The catalytic process comprises contactinQ an N20-containing
gaseous mixture with the decomposition catalyst under conditions sufficient to convert the
N20 into gaseous nitrogen and gaseous 6xygen. -The process catalysts are derived from

anionic clay materials such as the hydrotalcites, sjogrenites and pyroaurites.

Figure 1
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