
FORM 1
COMMONWEALTH OF AUSTRAl^k _

PATENTS ACT 1952 / I

APPLICATION FOR A STANDARD PATENT
I\We,

ENGELHARD CORPORATION
of MENLO PARK

CN 40
EDISON
NEW JERSEY 08818
USA

hereby apply for the grant of a standard patent for an 
invention entitled:

"« CATALYST FOR PURIFICATION OF EXHAUST
’ GAS AND PROCESS FOR PRODUCTION THEREOF

Ο E:· ■) ft '

which is described in the accompanying complete specification ft 0
o e a s

Details of basic application(s.):
ft ft ©

·« | Number of basic Name of Convention country iri Date of basic
' es application which basic application was application

filed
63-34060 JP 18 FEB 88

My/our address for service is care of GRIFFITH HACK & CO., 
Patent Attorneys, 601 St. Kilda Road, Melbourne 3004, 
Victoria, Australia.

DATED this 08th day of February 1989
ENGELHARD CORPORATION

GRIFFITH HACK SCO,

TO: The Commissioner of Patents.

14006452 OS /0'2/



Forms 7 and 8

AUSTRALIA

Patents Act 1952

Name(s) of 
Applicant(s)

Title

Name(s) and 
address(es) 
of person(s) 
making 
declaration

DECLARATION IN SUPPORT OF A CONVENTION OR NON-CONVENTION 
APPLICATION FOR A PATENT OR PATENT OF ADDITION

no. 29747/89
In support of the application /nade by_______________________

ENGELHARD CORPORATION

for a patent for an invention entitled______ ,______________
CATALYST FOR PURIFICATION OF EXI-IAUST GAS AND PROCESS FOR PRODUCTION THEREOF

I/We,__ pnhgrt- s __ Alexander_________________________________ __
ON 40 Menlo Park__________________ ■___________________________ _
Edison. New Jersey 08818.

do solemnly and sincerely declare as follows :-
1. I am/we are the applicant(s) for the patent, or 

am/are authorised by the abovementioned applicant 
to make this declaration on its behalf.

2. The basic application (s) as defined by Section 141 
of the Act was/were made in the following country 
or countries on the following date(s) by the 
following applicant(s) namely:-

Country, filing 
''date and name

of Applicant(s) 
o for the or 
’each basic
application

in ,Τηρηη___________________ on____ Feb.· 18 .________ 19. 88
bv Nippon Engelhard_________________________ _____________
in_________________________on____________________  19____
by___ ,_____:_________ :---- ------------------ ,___ ______ _

3. The said basic application(s) was/were the first 
application(s) made in a Convention country in respect 
of the invention the subject of the application.

Name(s) and 
address(es) 
of the or 
each actual 
inventor

See reverse 
side of this 
form for 
guidance in 
completing 
this part

4. The actual inventor(s) of the said invention is/are
...MncnlH_ FtinnM tH __ 18-2.5—701_ Ichibancho., Shizuoka-ken, Japan ____

Kunihide Kayanoi 818-1 Hara Numazu-shi, Shizuol<a-ken, Japan 
Teiji Yamada, Mansion Ookubo No. 306,'706-1, Higasliishiiji;

Numazu-siii, Shizuoka-ken, Japan
5. The facts upon which the applicant(s) is/are entitled 

to make this application are as follows: -
Applicant Is Fho assignee of Hie inventors and the parent company 
Of Nippon Engelhard

DECLARED at.. Edison, .N.J.
----- ---------------______
this '^6 day of January 19 89

ENGELHARD CORPORATION

Robert S. Alexander
Chief Patent Counsel

This form may be completed and filed after the filing of a patent 
application but the form must not be signed until after it has been 
completely filled in as indicated by the marginal notes. The 
place and date of signing must be filled in. Company stamps or 
seals should not be used.

PF/Dec/3/79 No leaalishr-lon is norpcxar.. .— --------- --------------- --------- --- —  --—



(12) PATENT ABRIDGMENT (11) Document No. AU-B-29747/89
d9) AUSTRALIAN PATENT OFFICE (10) Acceptance No. 615721

(54) Title
CATALYST FOR PURIFICATION OF EXHAUST GAS AND PROCESS FOR PRODUCTION THEREOF

International Patent Classification(s)
(51)4 B01J 023/58 B01D 053/36

i · ·
I (21) Application No.: 29747/89 (22) Application Date : 08.02.89

j i (30) Priority Data

{ (31) Number (32) Date (33) Country
63-34060 18.02.88 JP JAPAN

(43) Publication Date : 24.08.89

J (44) Publication Date of Accepted Application : 10.10,91

f (71) Applicants)
ENGELHARD CORPORATION

(72) Inventor(s)
MASAKI FUNABIKI; KUNIHIDE KAYANO; TEIJI KAYANO

! (74) Attorney or Agent
GRIFFITH HACK & CO , GPO Box 1285K, MELBOURNE VIC 3001

i (56) Prior Art Documents
! AU 21611/88 B01D B01 J
T AU 28325/84 B01D B01J
I US 4587231

! (57) Claim
Ί · ■ 1[ 1. An exhaust gas purifying catalyst comprising a
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Detailed Description of the Invention 
(Field of Utilization of the Invention)

This invention relates to a catalyst for purification 
of a waste gas exhausted from an internal combustion engine of
an automobile or the like, and to

More specifically, this invention
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a process for its production.

relates to a catalyst which

can show an excellent exhaust gas purifying capability at lower

temperatures even after it is exposed to high temperatures, and

a process for producing this catalyst by simultaneously adding

a cerium compound, a zirconium compound and a strontium com­

pound to active alumina containing palladium and rhodium.

[Prior Art]

Catalysts containing a platinum-group element and

cerium oxide having an oxygen storage effect for increased

low-temperature activity are now mainly in commercial use as a

three-way catalyst for simultaneously removing hydrocarbons,

carbon monoxide and nitrogen oxides from exhaust gases dis­

charged from internal combustion engines of automobiles and the

like (Japanese Laid-Open Patent Publication No. 55225/1979).

One condition required of recent catalysts is better

low-temperature activity after exposure to high temperattires of 

800 to 900 °C or more. This is because the temperature of the

exhaust gases tends to decrease as a result of higher outputs

of engines and the catalyst systems are set up at a location

remote from the engines.

A catalyst containing a platinum-group element and

cerium oxide undergo marked thermal deactivation 

temperatures of 800 to 900 °C, and does hot have

at high

sufficient

low-temperature activity after exposure t© high temperaturs.

y 1
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It has heretofore been known to add oxides of alkaline earth 

metals or rare earth metals other than cerium for increasing 

the heat resistance of catalysts (for example, Japanese Laid- 

Open Patent Publications Nos. 59988/1975 and 31994/1977).

However, the catalysts described in these patent 

documents have insufficient low-temperature activity after 

exposure to high temperatures, and cannot be said to fully 

adapt to the recent engine systems. It has been desired to 

develop a catalyst having better low-temperature activity after 

exposure to high temperatures.

[Object of the Invention)

It is an object of this invention to solve the above

problem of the prior art, and to provide a catalyst which shows 

an excellent exhaust gas purifying capability at low tempera­

tures even after exposure to high temperatures.

(Means for Solving the Problem)

The present inventors made extensive investigations

in order to solve the above problem, and found that to increase 

the activity of an exhaust gas purifying catalyst after ex­

posure to high temperatures of 800 to 900 °C, it is very

© © o ©
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© © ©
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effective to combine palladium, rhodium, active alumina, a 

cerium compound, a strontium compound and a zirconium compound. 

This finding has led to the accomplishment of the present

©
ft o 
ο C· o

invention.

The above object is achieved in accordance with this
©

O ft 
© ©

©

© 
© 
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invention by an exhaust gas purifying catalyst comprising a
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monolithic support and formed thereon an active layer composed

of palladium, rhodium. active alumina, a cerium compound, a

strontium compound and a zirconium compound, and a process for
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its production.

The invention will now be described in

In the present invention, the addition

detail.

of various

cerium compounds, strontium compounds and zirconium compounds

promotes adsorption characteristics of various gases on the

catalyst, and the addition of the strontium compound and the

zirconium compound inhibits sintering of palladium, rhodium and

the cerium compound. The use of the cerium, strontium·and

zirconium compounds thus produces favorable results in in-

creasing

exposure

(Al

scribed

the low-temperature activity -?f the catalyst after

to high temperatures

The catalyst of this invention will first be de­

The exhaust gas purifying catalyst of this invention

comprises a monolithic support and deposited thereon palladium,

rhodium, active alumina, a cerium compound, a strontium com-

pound and a zirconium compound as catalyst components.

An example of the monolithic support is a foamed

article which is composed of a refractory metal oxide or a

refractory metal and has a honeycomb or three-dimensional net­

work structure

Examples of the refractory metal oxide are cordierite,

0 β 
* t
t

ft 
$

11

mull te, alpha-alumina, sillimanite, magnesium silicate, zircon,
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pentalite, spodumene and aluminosilicates. Examples of 
the refractory metal include refractory iron-base alloys, 
refractory nickel-base alloys and refractory
chromium-base alloys .

5 a honeycomb support composed of cordierite is most
preferably used.

The weight of palladium may be any so long as the 
required catalyst performance is obtained. Usually, it 
is 0.1 to 10 g, preferably 0.1 to 3 g, per liter of the 

10 catalyst, The weight of rhodium may be any so long as
the required catalytic activity is obtained. Usually, it
is 0.01 to 2 g, preferably 0.02 to 0.7 g, per liter of
the catalyst.

The active alumina is, fur example, preferably
15

« 9
O

gamma-alumina.
of 10 to 300 m2/g. Its weight is

Desirably, it has a specific surface area
usually 30 to 200 g,ο β

«
9

preferably 40 to 150 g, per liter of the catalyst.
Cerium oxide is preferred as the cerium compound.

Its weight is usually 1 to 150 g, preferably 1 to 50 g,
more preferably 5 to 40 g, per liter of the catalyst.

Preferred as the strontium compound are strontium
carbonate, strontium hydroxide and strontium oxide. Its
weight is preferably 0.1 to 40 g, more preferably 1 to 20 

a a a ♦

g, more particularly preferably 5 to 15 g, calculated as
'25./ strontium oxide per liter of the catalyst.

/ Zirconium carbonate and zirconium oxide are 
preferred as the zirconium compound. Its weight is 
preferably 0.1 to 30 g, more preferably 1 to 20 g, more 
particularly preferably 5 to 15 g, as zirconium oxide, 

30 per liter of the catalyst.
- 5 -
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[B] The process for producing the exhaust gas purifying

catalyst of this invention will now be described.

Preparation of active alumina containing palladium 
and rhodium 

Active alumina (for example, gamma-alumina) is put in 

a mixer. The particle diameter of the active alumina is desir­

ably 1 to 100 microns (^) , preferably 1 to 50^, more prefer­

ably 1 to 40y[.

A palladium compound (such as a palladium nitrate 

solution or a palladium chloride solution) is added to active 

alumina. The palladium compound may be added little by little 

to gamma-alumina being stirred by a mixer, or may be added at a 

time. The palladium compound may be added as a solution (for 

example, an aqueous solution) or a suspension (for example, an 

.. aqueous suspension). The amount of the palladium compound
ft ft ft aa «

’j00 added may be 0.5 to 150 g, calculated as palladium, or 100 to
ft ft O ft :

500 ml as a solution of the palladium compound, per kg of 
ο o w a ' ·

active alumina.

% Then, the rhodium compound (for example, a rhodium

nitrate solution or a rhodium chloride solution) may be added 

little by little, or at a time, to the mixture containing the
O u u o

Ϊ active alumina and the palladium compound. The rhodium com-
0 0 9 .

Ο v o : ■ : ,

- pound may be added as a solution or suspension. The weight of

• the rhodium compound added may be 0.1 to 25 g calculated as

rhodium, or 100 to 500 ml as a solution of the rhodium com-

«0 , pound, per kg of active alumina. '
I t «
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The sequence of adding the palladium compound and the 

rhodium compound to active alumina may be such that the rhodium 

compound is first added, or the palladium and rhodium compounds 

are added simultaneously, or small portions of the two compounds 

are alternately added.

Subsequently, a solution of acetic acid, preferably a

10-40 % by weight aqueous solution of acetic acid, is added to 

the mixture containing the platinum-group metal compounds and 

active alumina. Preferably, the acetic acid solution is added 

little by little while the above mixture is stirred by a mixer.

The amount of acetic acid added may be 50 to 300 ml per kg of 

active alumina.

Preparation of a slurry
J

The active alumina containing palladium and rhodium

and prepared by the above method, the cerium compound, the 

strontium compound, the zirconium compound, acetic acid and 

deionized water are introduced into a mill and crushed to form 

a slurry.

Cerium nitrate and cerium oxide are preferred as the

cerium compound, and its Weight is 8 to 1250 g, preferably 5 to

400 g, more preferably 40 to 300 g, calculated as cerium oxide, 

per kg of active alumina. I

Strontium acetate and strontium hydroxide are pre­

ferred as the strontium compound. Its weight is 0.8 to 340 g, 

preferably 10 to 280 g, more preferably 70 to 210 g, calculated 

as strontium oxide, per kg of active alumina.

l
(
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Zirconyl acetate and zirconyl hydroxide are preferred 

as the zirconium compound. Its weight is 0.8 to 250 g, prefer­

ably 10 to 280 g, more preferably 70 to 210 g, calculated as 

zirconium oxide, per kg of active alumina.

Acetic acid is preferably a 60-90 % by weight aqueous 

solution, and may be used in an amount of 10 to 200 ml per kg 

of active alumina. The amount of deionized water may be 50 to 

1000 ml per kg of active alumina.

By the above crushing in a mill, the average particle 

diameter of the mixture in the slurry can be adjusted to 0.1 to

10^, preferably 1 to .

The resulting slurry is transferred to a vessel, and 

deionized water is added to form a slurry having a predeter­

mined specific gravity which may, for example, be 1.20 to 1.80 

ί* q / ml ·

«·;s« Deposition of the slurry on a monolithic support

Γ» The above slurry is deposited on a monolithic support
“ ■' ©

V.X? which is described in section [A] above.
6 O

% ° ’e The slurry is applied to the monolithic support for

a period of, for example, 1 to 60 seconds, preferably 3 to

10 seconds, and then the excess of the slurry in the cells 

' ’ is removed by an air blow. The support having the slurry de-
Gw·.

u posited thereon is subjected to hot air, preferably hot air at

ϊ o ", 20 to 100 °C, to remove at least 50 % of water, preferably 90 %

of water. After removing water in this manner, the support is

.. . subjected to calcination in air, for example, at a temperature
< < i

L



of 200 to 900 °C, preferably 300 to 800 °C, for 10 minutes to

10 hours, preferably 15 to 60 minutes. When the temperature of

the support is gradually raised in the calcination, the above 

drying (removal of water) may be omitted.

By the above slurry deposition step, 30 to 200 g of

alumina containing palladium and rhodium, 1 to 150 g, as cerium 

oxide, of the cerium compound, 0.1 to 40 g, as strontium oxide, 

of the strontium compound and 0.1 to 30 g, as zirconium oxide,
ao
0 O ; . . . '

° of the zirconium compound, for example, per liter of the mono­

lithic support can be deposited on the support.
q a
O .1 '11

[Examples]© © ft *■ .
O © 0

s The following examples illustrate the present invention
Ob® : :

in detail.

Example 1
Οϋ ft .................

2.%°% (a) Active alumina having a BET surface area of 150 m /g

ej a and an average particle diameter of 30/4 (1»2 kg) was put in a 
ft O 0 ; .

ϋ a u . ■

mixer, and while the alumina was stirred, 240 ml of an aqueous

solution of palladium nitrate containing 14.6 g of palladium
O ft ■
^°°° was added dropwise little by little and dispersed uniformly.

Subsequently, 100 nil of an aqueous solution of rhodium nitrate 

containing 1.5 g of rhodium was added dropwise little by little 

and uniformly dispersed.

Finally, 80 ml of 15 % by weight acetic acid was 

added dropwise little by little and uniformly dispersed to 

prepare an alumina powder containing palladium and rhodium 

(Pd/Rh=10/l).

9



(b) The alumina containing palladium and rhodium obtained

cerium oxide) of 40 % by weight cerium nitrate, 180 g (86 g

calculated as strontium oxide) of strontium acetate hemi­

hydrate, 500 g (100 g calculated as zirconium oxide) of zirconyl

acetate, 72 ml of 90 % by weight acetic acid and 600 ml of

deionized water were introduced into a mill, and mixed and

crushed to form an alumina slurry. The crushing was carried

out for a period of time which elapsed until at least 90 % of

particles in cne slurry had a particle diameter of not more

than 9.0

(c) Deionized water was added to the slurry obtained in

step (b) o adjust its specific gravity to 1.54 g/ml and obtain

a diluted slurry. A monolithic cylindrical cordierite carrier 
2(volume: 1.0 liter; 400 cells/in ) having a diameter of 93 mm

O <5 a 
O ft 

9 Ο ®

and a length of 147.5 mm was dipped for 5 seconds in the diluted

slurry, and then pulled up. An air blow was applied to the

of thecarrier to remove the excess

dried at 30 to 60 °C and calcined at 550

slurry. The carrier was 

°C for 30 minutes to

obtain a catalyst A.

The catalyst A obtained by the series of steps (a),

(b) and (c) contained 1.6 g of palladium and rhodium combined,

(
70 g of alumina, 12 g of the cerium compound calculated as

cerium oxide , 6.0 g of the strontium compound calculated as

strontium oxide and 7.0 g the zirconium compound calculated as

zirconium oxide, per liter of the finished catalyst*

io

1



Comparative Example 1

Catalyst B was prepared in the same way as in Example

1 except that strontium acetate was not added in step (b).

Comparative Example 2

Catalyst C was prepared in the same way as in Example

1 except that zirconyl acetate and strontium acetate were not

added in step (b) .

Comparative Example 3

J

* It t 6 8

S « ·
9

• · 5 C

« a
t o
S a 90

ώ ® 0 ώ
, & β

Μ «

it t
- I ■ β

i ♦ '

Catalyst D was prepared in the same way as

1 except that zirconyl acetate was not added in step

Comparative Example 4

Catalyst E was prepared in the same way as

in Example

(b) .

in Example

1 except that cerium nitrate was not. added in step (b) . i

Example 2
8 ?·

<
<’, β

0 
© 

e ♦

Catalyst F was prepared in the same way as in Example

1 except that in step (b) , strontium

amount calculated as strontium oxide

strontium acetate.

Example 3

hydroxide in the same

was used instead of

Catalyst G containing a strontium

calculated as strontium oxide) per liter of

compound ¢3.0 g

the finished

catalyst was prepared in the same way as in Example 1 except

that the amount of strontium acetate added was changed to 90 g

from 180 g in step (b) .

Example 4

Catalyst H containing a strontium compound (12 g as

- 11 -



strontium oxide) per liter of the finished catalyst was prepared

in the same way as in Example 1 except that the amount of 

strontium acetate was changed to 360 g from 180 g in step (b). 

Example 5
Catalyst I containing a strontium compound (2C g 

calculated as strontium oxide) per liter of the finished 

catalyst was prepared in the same way as in Example 1 except 

that the amount of strontium acetate was changed to 600 g from 

180 g in step Cd).
Example 6

Catalyst J was prepared in the same way as in Example

1 except that zirconyl hydroxide in the same amount calculated 

as zirconyl oxide was used instead of zirconyl acetate in step 

(b).

Example 7

Catalyst K containing a zirconium compound (3 g 

calculated as zirconium oxide) per liter of the finished 

catalyst was prepared in the same way as in Example 1 except 

that the amount of zirconyl acetate was changed to 214 g from 

500 g in step (b).

Example 8 |

catalyst l containing a zirconium compound (14 g ■

calculated as zirconium oxide) per liter of the finished 

catalyst was prepared in the same way as in Example 1 except 

that the amount of zirconyl acetate was changed to 1000 g from ί

500 g in step (b)» f
■ r3

' ■ : ' . ' *
. . : : . . Γ

- 12
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Example 9
Catalyst M was prepared in the same way i-s In Example

1 except that cerium oxide in the same amount calculated as 

cerium oxide was used instead of cerium nitrate in step (b). 

Example 10
Catalyst N containing a cerium compound (6 g cal­

culated as cerium oxide) per liter of the finished catalyst was 

prepared in the same way as in Example 1 except that the amount 

of cerium nitrate was changed to 217 g from 434 g in step (b). 

Example 11
lataiyst 0 containing a cerium compound (30 g cal­

culated as cerium oxide) per liter of the finished catalyst was 

prepared m the same way as in Example 1 except that the amount 

of cerium nitrate was changed to 1035 g from 434 g in step (b) . 

Test Example 1

The catalysts (samples Λ to 0 obtained in Examples 1 

to 11 and Comparative Examples 1 to 4) were each subjected to a 

durability test by the following method, and then their catalyst 

performances were evaluated.

Durability test conditions

Each of the catalysts was packed into a stainless 

steel multiconverter, and under the following conditions, an 

exhaust gas simulating an actual exhaust gas was passed through 

the multiconverter for 40 hours.
Air-fuel ratios A/F=14.6

Catalyst bed temperatures 850 °C

Fuel: gasoline (lead-free)

- 13 -
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The performance of each of the catalysts was evaluated 

by packing it into the same multiconverter equipped with a 

sampling tube, and analyzing the gas components at the inlet 

and outlet vf the catalyst bed by means of MEXA8120 made by 

Horiba Seisakusho. A gas simulating an actual exhaust gas as 

used at this time, and the evaluation conditions were as 

follows:-

Air-fuel ratio: 14.55, 14.7, 14.85 (Δα/Γ=·±0.5)
SV: 133,000/hr

Catalyst inlet temperature: 400 °C

Frequencys 2.0 Hz .

The purification ratio of each of the components (CO,

HC, NO ) was shown by an average of the purification ratios at
Λ ' ' ' : ·

the above A/F ratios.

The results are shown in Tables 1 to 7.

a as 
a g a 
ΐ 8 9 «
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Table 1

Run Sample 
designa­
tion

Amount of 
cerium 
oxide added
(g/liter)

Amount of 
strontium 
acetate added

(g/liter, 
as SrO)

Amount of 
zirconyl 
acetate added

(g/1 i ter , 
as ZrO^)

Purification ratio (%)

CO HC NO X

Ex. 1 A 12 6 7 64 76 58

CEx. 1 B 12 none 7 40 49 31

CEx. 2 C 12 none none 34 45 27

CEx . 3 D 12 6 none 57 75 49

CEx. 4 E none 6 7 57 75 54

*1: The results for the samples were obtained by evaluation after a durability 
test at 850 °C for 50 hours.

*2: The weight ratio of Pd to Rh and the total amount of palladium and rhodium 
in the samples were constant at Pd/Rh=10/l and 1.6 g/liter, respectively. 
The number of cells was constant at 400 cpi .

*3: Conditions for evaluating purifying ability

Air-fuel ratio: 14.55, 14.70, 14.85 (ΔΑ/Ε-0.5)
SV: 133,000/hr
Catalyst inlet temperature: 400 °C 
Frequency: 2.0 Hz
Purification ratio (%): Average of the purification ratios

at the above A/F ratios
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Table 2

Run Sample 
designa­
tion

Strontium compound added Purification ratio (%)

CO HC NOX

Ex. 1 A strontium acetate 64 76 58

Ex. 2 E strontium hydroxide 62 77 58

CEx. 1 B none 40 49 31

*1: The amount of the strontium compound was constant at
5 g/liter calculated as strontium oxide.

*2: Additives other than the strontium compound were cerium
nitrate (12 g/liter calculated as cerium oxide) and 
zirconyl acetate (7 g/liter calculated as zirconium oxide).

*3, *4 and *5: Same as the footnotes *1, *2 and *3 to Table 1.

3
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Table 3

Run Sample 
designa­
tion

Amount of the strontium 
compound added

(g/liter)

Purification ratio (%)

CO HC NOX

Ex. 1 A 6 64 76 58

Ex. 3 G 3 54 71 52

Ex. 4 H 12 64 75 57

Ex. 5 I 20 59 74 56

CEx. 1 B none 40 49 31

*1: The strontium compound was strontium oxide, and its amount 
was calculated as strontium oxide.

*2: Additives other than the strontium compound were cerium
nitrate (12 g/liter calculated as cerium oxide) and 
zirconyl acetate (7 g/liter calculated as zirconium oxide).

*3, *4  and *5:  Same as the footnotes *1,  *2  and *3  to Table 1„



Table 4

Run Sample 
designa­
tion

Zirconium compound added Purification ratio (%)

CO HC NO
X

Ex. 1 A zirconyl acetate 64 76 58

Ex. 6 J zirconyl hydroxide 63 77 57

CEx. 3 D not added 57 75 49

*1: The amount of the zirconium compound was constant at
7 g/liter calculated as zirconium oxide.

*2: Additives other than the zirconium compound were cerium 
nitrate (12 g/liter calculated as cerium oxide) and 
strontium acetate (6 g/liter calculated as strontium oxide).

*3, *4 and *5: Same as the footnotes *1, *2 and *3 to Table 1.
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Table 5

Run Sample 
designa­
tion

Amount of the zirconium 
compound added

(g/liter)

Purification ratio (%)

CO IIC NO X

Ex. 1 A 7 64 76 58

Ex. 7 K 3 58 75 52

Ex. 8 L 14 67 76 59

CEx. 3 D none 57 75 49

*1: The zirconium compound was zirconyl acetate, and its amount 
was calculated as zirconium oxide.

*2: Additives other than the zirconium compound were cerium 
nitrate (12 g/liter calculated as cerium oxide) and 
strontium acetate (6 g/liter calculated as strontium oxide) .

*3, *4 and *5: Same as the footnotes *1, *2 and *3 to Table 1.
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Table 6

Run Sample 
designa­
tion

Cerium compound added Purification ratio (%)

CO HC NO X

Ex. 1 A cerium nitrate 64 76 58

Ex. 9 M cerium oxide 65 75 55

CEx. 4 E
___________

not added 57 75 54

t

to 
ο

I

*1: The amount of the cerium compound was constant at
12 g/liter calculated as cerium oxide.

*2: Additives other than the cerium compound were strontium 
acetate (6 g/liter calculated as strontium oxide) and 
zirconyl acetate (7 g/liter calculated as strontium oxide) .

*3, *4 and *5: Same as the footnotes *1, *2 and *3 to Table 1.
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Table 7

Run Sample 
designa­
tion

Amount of the cerium 
compound added 
(calculated as CeO.J 

(g/liter)

Purification ratio (%)

CO

64

HC NO X

Ex. 1 Λ 12 76 58

Ex. 10 N 6 61 76 54

Ex. 11 0 30 61 76 57

CEx. 4 E none 57 75 54

*1: The cerium compound added was cerium nitrate.

*2: Additives other than the cerium compound were strontium
acetate (6 g/liter calculated as strontium oxide) and 
zirconyl acetate (7 g/liter calculated as zirconium oxide) .

*3, *4 and *5: Same as the footnotes *1, *2 and *3 to Table 1.



[Explanation of the Tables]

Table 1

Comparison on the effect of additives on the purifi­

cation ratios of the catalysts after exposure at 850 °C.

Table 2

Comparison on the effect of the type of the 

strontium compound on the purification ratios of the 

,, catalysts after exposure at 850 °C.
St
•ί i - .

..., Table 3
■ f —--————:—' · . ■ .

« H '

j’. Comparison on the effect of the amount of the
«ail * . -

strontium compound added on the purification ratios of the
t β < ■ * ' :

·,’·,* catalysts affer exposure at 850 °C.

Table 4 ,

,· · Comparison on the effect of the type of the zirconium
■ < ¢- :

compound added on the purification ratios of the catalysts

«·, « after exposure at 850 °C
* «ί . : ■

Table 5

9 00 Comparison on the effect of the amount of the
9 C ft . ' ;
sea· .

zirconium compound added in the purification ratios of the 

catalysts after exposure at 850 °C.

Table 6 [
■ 4'

Comparison on the effect of the type of the cerium ’

compound added on the purification ratios of the catalysts 

after exposure at 850 °C,

Table 7 j
: --------------— : |

Comparison on the effect of the amount of the cerium <
■ ■ ■ ■ . ; ■ . . i

: 1 : J
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compound added on the

after exposure at 850

purification ratios of the catalysts 

°C.

It is seen from Table 1 that the catalyst (sample A)

simultaneously containing the cerium compound, the strontium

compound and the zirconium compound showed excellent low- 

temperature activity even after exposure at 850 °C. When at

least one of these additives was lacking, the low-temperature 

after exposure at 850 °C markedly decreased.activity

It is seen from Table 2 that if the strontium com-

pound is present together with the other additives (the cerium

compound and zirconium compound) , the catalysts showed excel­

lent low-temperature activity after exposure to high tempera­

tures irrespective of the type of the strontium compound.

It is seen from Table 3 that the effect of adding the

strontium compound is noted even when it is in a small amount,

but the optimum range of the amount of strontium compound

added, calculated as strontium oxide/ is 0.1 to 40 g/liter, 

preferably 1,0 to 20.0 g/liter, more preferably 5 to 15 g/liter.

It is seen from Table 4 that if the zirconium com­

pound is present together with the other additives (the cerium

compound and strontium compound) , the catalysts show excellent

low-temperature activity even after exposure to high tempera­

tures irrespective of the type of the zirconium compound.

It is seen from Table 5 that the effect of adding the

© & 
O G « 
358 «

zirconium compound is noted even if it is in a small amount,

but the optimum amount of the zirconium compound added is 0.1

23
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to 30 g/liter, preferably 1.0 to 20.0 g/liter, more preferably

5 co 15 g/liter, calculated as zirconium oxide.

It is seen from Table 6 that if the cerium compound

is present together with the other additives (the strontium 

compound and the zirconium compound), the catalysts show excel­

lent low-temperature activity irrespective of the type of the 

cerium compound.

It is seen from Table 7 that the optimum range of the 

amount of the cerium compound added is 1 to 150 g/liter, prefer­

ably 1 to 50 g/liter, more preferably 5 to 40 g/liter, cal­

culated as cerium oxide.

(Effect of the Invention]

By depositing palladium, rhodium, active alumina, the 

cerium compound, the strontium compound and the zirconium 

compound as active compounds on the monolithic support in 

accordance with this invention, there can be provided a catalyst 
ft s 
ft t

which when its activity is evaluated in terms of purification
o .

ratios at 400 °C, after exposure at 850 °C, increases the ratio
s fl -
ft Π O 0

of purifying all regulated substances by 10 to 15 % and by 30

,·% o to 40 % in an air-rich atmosphere of A/F=14.0 as compared with
© o a

conventional catalysts.

Ο Ο Φ G
0 C O
OOQ

o & o

0 U £>

ft 0 6 
ft ft β 
« ® ft- ft
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:

1. An exhaust gas purifying catalyst comprising a 

monolithic support and deposited thereon palladium, 

rhodium, active alumina, a cerium compound, a strontium 

compound and a zirconium compound as catalyst components,

2. A process for producing an exhaust gas purification 

catalyst, which comprises

(a) a step of preparing active alumina containing

palladium and rhodium,

(b) a step of preparing a slurry comprising the

active alumina, a cerium compound, a strontium compound

,e and a zirconium compound as catalyst components, and
» »*»

* (O a step of depositing the slurry on a monolithic

; support and calcining the deposit.
©

« 3. An exhaust gas purifying catalyst substantially us

»„ hereinbefore described with reference to the Examples.

DATED THIS 3RD DAY OF JULY, 1991

: ENGELHARD CORPORATION
By its Patent Attorneys

« " „ „ GRIFFITH HACK & CO.
u Fellows Institute of Patent

Attorneys of Australia I
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