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ABSTRACT OF THE DISCLOSURE 
I‘. . 

Method of preparing temperature resistant exhaust oxi 

10 

dation catalysts suitable for use in land vehicle exhaust - 
systems comprising a porous ceramic base impregnated 
with suitable oxidizing agents and the resulting cata 
lysts. The porous ceramic base is prepared from a ceramic 
powder ?lled, plasticized polyole?n. 

Reference is made to copending application Ser. No. 
83,020. ?led Oct. 22, 1970 and now abandoned, inven 
tor Christian B. Lundsager, of common ownership here 
with, directed to the method of preparing the aforesaid 
ceramic base used in making the catalysts of this inven 
tion. 

This invention is a porous ceramic structure impreg 
mated with suitable exhaust oxidation agents which is 
suitable for removing pollutants from land vehicle ex 
haust fumes and the preparation of the catalyst. This 
invention is also the method of producing the impreg 
nated porous ceramic structure. 
The problem of air pollution is not a new one. How 

ever, the problem has become aggravated in many cities 
in recent years. The air in most cities contains substantial 
quantities of both oxides of nitrogen and the products 
of incomplete combustion of organic fuels. In the pres 
ence of sunlight, photolysis of the oxides of nitrogen 
leads to the formation of measurable quantities of ozone. 
The ozone, in turn, reacts with various organic pollutants 
to form compounds which can cause the many unde 
sirable manifestations of smog, such as eye irritation, 
visi‘uiiity reduction and plant damage. ~ 
When meterorological conditions prevent the rapid 

dispersion of pollutants a smog condition results. Fur- ’ 
thermore, it is now known that in many cities a major 
portion or organic pollutants are derived from unburned 
or partially burned gasoline in auto exhaust. 

Another pollutant of much concern is carbon monox 
ide which is undesirable because of its toxic nature. 
This, too. is derived mainly from exhaust emissions. 

Almost since the advent of the automobile and diesel 
engine powered vehicles, attempts have been made to 
solve the problem by rendering harmless and unobjec 
tionable the noxious fumes which are the by-products 
of internal combustion engines. Various devices and 
?lters using elementary catalytic materials, and since 
the l920’s, various modi?cations of ?lters and mu?iers, 
have been designed in an attempt to solve this problem. 
To date, none have met with success comp‘ete enough 
for practical applications. One of the most dii?cult 
problems to overcome is the fact that although a given 
puri?cation system appears to work initially within a 
short period of time it becomes thoroughly contaminated 
and consequently useless. It does not seem feasible to in 
stall catalytic systems which must be periodically re 
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moved and rejuvenated because of the cost of such a 
system and such treatment. 

Several investigators have realized that the on'y prac 
tical way to treat exhaust fumes to reduce hydrocarbon 
and carbon monoxide pollution is to oxidize the hydro 
carbons to carbon dioxide and water and to oxidize the 
carbon monoxide to carbon dioxide. 
A wide selection of oxidation catalysts has been pro 

duced in the past varying both in the chemical compo 
sition and physical structure. With respect to chemical 
composition. the ability of a Wide variety of metals and 
metal oxides, either alone or in combination, to cata 
lyze the complete oxidation of hydrocarbons has been 
noted. 
To be sufficiently e?icient in the removal of hydro 

carbons and carbon monoxide from internal combustion 
engine exhaust gases and to meet the standards of maxi< 
mum emission currently under consideration in the legis 
latures of the various states. the catalyst for treating 
exhaust gas must become et‘?cient within a very few 
minutes after engine start-up and must maintain its 
activity throughout the various modes of engine opera 
tion. A catalytic converter must maintain its catalytic 
activity for a period of not less than 1 year and prefer 
ably for over 12,000 miles of engine operation. The 
problem of excessively high temperatures which are ob 
tained when high concentrations of pollutants are being 
oxidized must also be solved in this system. It is not 
unusual for catalyst temperatures to reach 1,600° F. or 
higher. A normal catalytic system cannot withstand 
thermal degradation of the catalyst. 

‘In this connection, the problem of conversion of car 
bon monoxide at the low temperatures obtained in a 
catalytic mu?ier system at the start-up period of the 
engine operation is particularly troublesome. A catalyst 
must be active initially to be acceptable for use in an 
auto exhaust catalytic system. It is not su?icient that a 
catalyst will have a good activity after the engine is 
warmed up and the catalyst bed is at a temperautre 
high enough to cause exhaust vapors passing through 
the bed to be oxidized to carbon dioxide and water. 
The catalytic systems which have been devised to give 

satisfactory results for carbon monoxide conversion fre 
quently suffer from relatively poor conversion of hydro 
carbons. Since the ideal catalytic system gives a good 
conversion of both of these exhaust gas components, this 
problem is of prime importance. 
An additional di?iculty in the preparation of auto ex 

haust catalysts and the design of suitable muttiers for 
the integration of the exhaust catalyst into the conversion 
system is the problem caused by the presence of oxides 
of lead and particles of metallic lead in the exhaust. 
This lead results from the conversion of tetraethyl lead 
which is still the most commonly used gasoline anti 
knock additive. In the preparation of gasolines, a quantity 
of tetraethyl lead is added to the gasoline at the re?nery 
to impart anti-knock properties to the fuel. In addition 
to the tetraethyl lead, various compounds such as ethylene 
bromide. for example, are added, which convert the lead 
to volatile compounds which have an appreciable vapor 
pressure and are thus carried out of the engine into the 
exhaust system. The presence of these compounds causes 
problems with catalytic systems in that these lead salts, 
in addition to physically coating the individual catalyst 
particies. cause decreased attrition resistance by deteriora 
tion and breakdown of these particles. 

Another di?iculty in the removal of pollutants from 
auto exhaust fumes is the expensive method of produc 
ing porous ceramic bodies of sut’?cient number to meet 
today’s needs and which are able to withstand the tem 
peratures to which they are necessarily subjected in the 
exhaust systems of land vehicles. 
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The use of organic bindeis for ceramic ponders is a 

well established commercial practice. Attempts to use 
?llers in a similar manner to e\tend or reinforce the 
more crystalline polyole?ns. however. have met with 
failure. Brittle products are generally obtained even with 
moderate ?ller concentrations. Previous attempts hzne 
been made to produce polyethylene??ller blends using 
conventional inert ?llers alone. Occasionally, these blends 
are found to have greater tensile strength than the un 
?lled polymer but when the polyethylene is heated it 
tends to have a low viscosity and is therefore not easily 
workable. 
On the whole, reported studies of polyole?n (espe 

cially polyethylene)/?ller blends indicate that satisfac 
tory products are rarely obtained. Small amounts of 
some inorganic materials can be blended into polyeth 
ylene as pigments, but serve no other purpose. 
With the advent of high molecular weight polyole 

?ns (at least 150,000) there was a renewed ,interest in 
the area of organic binders for ceramic powders. How- . 
ever, these high molecular weight polyole?ns were of 
little improvement since they could not be shaped con 
veniently by thermoplastic rr-—" ads because of their‘ 
high viscosities. Attempts to load the high molecular 
weight polyole?ns with ?llers, particularly ceramic pow 
ders further aggravated this condition. ‘ - ‘I 
More recently, however, it has been found that 'it is 

possible to provide a low cost, tough, ?exible polyole 
?n/?ller composition. A process for preparing such a 
composition is described in Australian Pat. No. 277,98l 
and Great Britain Pat. No. 1,044,502. The latter patent 
discloses a method of producing a composition containing 
(i) a polyole?n of molecular weight su?iciently high to 
give it a standard load melt index of substantially zero 
(ii) an inert ?ller, e.g., ceramic powder, and (iii) a plas 
ticizer. The composition described therein comprises 10 
80 percent by volume polyole?n, 5-60 percent by volume 
?ller material, and 15-85 percent by volume plasticizer. 
The former patent, Australia Pat. No. 277,981 dis 

closes a similar method of producing a composition which 
comprises 5-95 percent by volume polyole?n, 5-50 per 
cent by volume ?ller, and 5-40 percent by volume plas 
ticizer. 

Attempts to form ceramic structures have also met 
with little success because in the early stages of ?ring ~ 
the structures became distorted or even cracked. Attempts 
to overcome this di?‘iculty have been unsuccessful. Vari 
ous mixtures of thermoplastic binders have been found 
to be entirely unsuccessful. 

Porous ceramic structures are used for catalyst sup 
ports, absorption drying, separation of liquid phases, etc. 
Generally, porous ceramics are either prepared by one of 
two methods. The ?rst method consists of ?ring an alu 
mina silicate with a small amount of ?ux to form a slight 
glassy bond. In the other method alumina grain is ?red 
with a ceramic material which melts and holds the grain 
together. Although both of these methods produce ex— 
cellent porous ceramics, both are time consuming and pro 
duction is slow. 

Porous ceramic structures which are used in ?ltration 
processes allow cleaning without halting ?ow of the ma 
terial being cleaned. Cleaning is often accomplished, in 
the case of organic materials, by ignition to 1,200" 
l,600° F. without damage, and also by mechanical brush 
ing. In chemical processing gas is forced through a cata— 
lytic porous structure enabling the puri?ed gas to pass 
through the structure and the porous ceramic structure 
to retain the contaminants. However, in all cases there 
exists the slowness of production of the porous structure. 

Attempts to prepare porous ceramic articles have met ‘ 
with failure in that there has been an absence of success 
in preparing a sturdy porous ceramic article from a 
ceramic powder ?lled. plasticized thermoplastic. 

It is accordingly an object of this invention to provide 
a method for producing porous ceramic bodies containing 
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land vehicle e\hanst oxitli/ing agents capable of remov 
ing pollutants from a vehicle‘s exhaust t‘umes. 

It is t'urthcr an object of this invention to produce a 
porous catalyst containing ceramic structure from a 
?exible low-cost polyolelin material. It is a further ob 
ject of this lfH?'?liOll to produce a porous ceramic ctt|a~ 
lyst from a highly ?lled pulyolc?n material containing 
a plasticizer. lt is it further object of this invention to 
produce a porous ceramic article suitable for use as a 
catalyst support by the steps of (it preparing a compo 
sition comprising a ceramic ?ller. a plasticizer. and a poly 
olc?n material. til) shaping the material. (iii! extracting 
the plasticizer. tiv) burning the shaped matciial to re 
move the poiyo‘clin. t' v) tiring the ceramic material which 
remains, and (vi) impregnating the ceramic material with 
an oxilation catalyst. 

it is a further object to produce a porous ceramic ex 
haust catalyst. More speci?cally. it is an object to pro 
vide a low-cost, easy to make. porous ceramic automo 
bile exhaust catalyst. Further objects will be apparent 
from the following description of this invention. 

FIG. I shows the ceramic powder ?lled. plasticized 
polyole?n which has been rolled tip prior to removal of 
the plasticizer and polyole?n. 

FIG. 2 shows the ?nished product of this invention 
which is obtained after the process of this invention has 
been completed (only the sintered ceramic material re 
mains). 

FIG. 3 shows the ceramic powder tilled. plasticized 
polyole?n after it has been fabricated into a plastic sheet 
containing ribs. 

FIG. 4 shows the ?nal product obtained when the poly 
ole?n material shown in FIG. 3 is rolled up and the proc 
ess of this invention is followed. 

FIG. 5 shows a sheet of ceramic powder ?lled. plasti 
cized polyolelin material having ribs on both sides. 

FIG. 6 shows the resulting product when FIG. 5 is 
rolled and the process of this invention is followed. 

FIG. 7 shows the product obtained when a foamed 
polyole?n material is used. 

FIG. 8 shows how a ceramic ponder ?lled. plasticizcd 
polyole?n material is arranged to produce the linal prod 
uct shown in FIG. 9. After the product of FIG. 9 is im 
pregnated with the oxidizing catalyst it still has the same 
of the ?nal ?red product, e.g., that of HO. 9. 

SUMMARY OF THE INVENTION 

This invention is a novel method of producing porous 
ceramic catalyst-containing structures suitable for auto 
exhaust systems. The method comprises shaping a ?lled 
polyole?n material containing a plasticizer, extracting the 
plasticizer, burning-off the polyole?n, ?ring the porous 
shaped ceramic structure, and impregnating the structure 
with an engine exhaust oxidizing agent. This invention 
facilitates production of porous ceramic structures con 
taining suitable passages thereby increasing the effective 
ness of contacting a gas or liquid with a catalyst supported 
on the structure. Various shaped ceramic exhaust catalyst 
structures can easily be prepared by the utilization of this 
method. 
More speci?cally, I have found that a porous ceramic 

structure produced by the herein disclosed method can 
be impregnated with exhaust catalysts used to remove 
pollutants from land vehicle exhaust fumes. 

DETAILED DESCRIPTION OF THE INVENTION 

As shown in Christian B. Lundsager U.S. Ser. No, 
83.020 supra, it has been found that a porous ceramic 
structure can be easily prepared from a starting material 
comprising a ceramic powder, a polyole?n, and a plasti 
cizer. 

Since the instant invention requires the porous struc 
ture of the Lundsager invention as a starting base for 
subsequent catalytic impregnation, the Lnndsagcr struc~ 
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ture (and its method of preparation) will here be de 
scribed in detail: see especially Examples l-Z2. 

It is to be understood that the references made to 
polyolefin are generally to high molecular weight poly 
ethylene. 

More speci?cally a po'yole?n of very high molecular 
weight (e.g., at least 150,000) is a good binder for ce 
ramic powder and can tolerate high ?ller loadings with 
out becoming brittle when a plasticizer is present. This 
is quite unlike conventional thermoplastics. eg, poly 
ethylene having a molecular weight of around 60000 
to 100.000 which yields brittle products at relatively 
low ?ller concentrations. plasticizers must be incorpo 
rated into these highly ?lled blends to provide good ?ow 
characteristics and to facilitate mixing without causing 
excessive loss of ?exibility. Tough, flexible compositions 
therefore, can be produced from a three component sys 
tem consisting of (l) a high molecular weight polyole?n; 
(2) a ?ller: and (3) a plasticizer. ' 
Each of the above stated components is essential for 

attainment of desirable performance of the binder sys 
tem. The components of the composition carT‘vary in the 
following amounts and stiL. provide a workable plastic ' 
composition: polyole?n 5-67 percent by volume, plasti 
cizer 15-80 percent by volume, and ?ller 15-80 percent 
by volume or polyole?n 10-70 percent by weig ', plasti 
cizer 10-70 percent by weight and ?ller 20-90 percent 
by weight. However, preferable ranges are polyole?n 5 
50 percent by volume, plasticizer 20-60 percent by 
volume, and ?ller 20-50 percent by volume. The high ; 
molecular weight polymer confers strength and ?exibility 
to the initial composition. The plasticizer, of course, also 
provides ?exibility, but its primary role is to increase the 
melt index and thus produce a processable compound 
and to provide porosity for the combustion step and to , 
facilitate the initial dispersion of filler into the matrix. 
A wide variety of inexpensive, ?nely divided ceramic 

materials is available for use as ?llers. The following 
types are included as examples but are not limiting in 
this category: (a) metal oxides and hydroxides, especially 
those of silicon and aluminum such as tit-alumina, (b) 
metal silicates and aluminates; naturally occurring clays, 
mica, etc.; precipitated silicates, synthetic zeolites, etc., 
(c) titanates, zirconates, and compositions useful for 
making capacitors and piezoelectric devices, and (d) 
ferrite and garnet compositions useful in ferromagnetic 
devices. 

More speci?cally, the ?llers which are preferred in 
clude rnullite (JAlZOZ'ZSiOZ), synthetic mullite compo 
sitions, zirconmullite, spinel, and cQrdierite 

(ZMgO'ZAlZOB-SSiOZ). 
It has been found that ?llers of very high surface area 

require more plasticizer to be processable in the plastic 
than ?llers of less surface area and are very e?‘ective in 
retaining the oil, but generally give products with un 
measurably low melt indices. Additionally, ceramic 
powders of high surface area cannot be compounded to 
as high a ?ller loading capacity as those of a low surface 
area. Such fillers can be used in combination with ?llers 
of low surface area to help retain the plasticizer. 

As used herein, the terminology “plasticizer" is in 
tended to de?ne a material which performs l?veafuncr 
?gs. First, the addition of the plasticizer will improve 
the proTE?ibility of the composition, i.e., lower the melt 
viscosity, or reduce the amount of power input which is 
required to compound and to fabricate the composition. 
As explained more fully hereinafter, the melt index is an 
indication of the processibility of the composition, the 
melt index increasing as the molecular weight and vis 
cosity decrease. Similarly, a torque decrease indicates a 
lower melt viscosity and improved compounding ease 
(faster mixing cycle, and lower power requirements). The 
second function of the plasticizer is to improve the ?exi 
bility of the interim plastic composition. The improved 
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?exibility is reflected in such lllL‘Ll‘lll'Cl‘rlcf'.‘ 
tion at failure. the elongation at jsic'd :‘01111. . 
pact. and tension impact. Tho third fur :tion ot the i‘ltlsil 
cizer is its utility in the production of the final poi-wiry. 
Fourth, when the plasticizer is eventually rcmoietl lll.‘ 
viscosity of the material is then increased. Fifth. rc;uo..1l 
of plasticizer facilitates removing gaseous combustion 
products which are produced \thcn the polcolctin is 
burned-off. The plasticizer is the component of the poly 
ole?n/?llerr'plasticizcr composition thit is eu~ic~t to ex 
tract. The extraction can be performed “till ‘water or \\ llll 
any number of commercially avtilable organic “.ll'ic‘llls 
with the particular solvent depending upon the particular 
plasticizer used. It is especially advantageous. nouetcr. 
to use a plasticizer which is soluble in water. Bf. thing .1 
water soluble plasticizer, the extraction process will be 
more economical due to the low cost and relutitc safety 
of water in comparison to that of organic soirmh. The 
extraction process will also be much safer as there uill be 
no ?re or toxicity hazards encountered. 

Examples of the numerous suitable plasticizers are the 
following: 

a. chlorinated hydrocarbons 
b. miscellaneous plasticizers — sulfonarnidc. counta 

rone-indene, asphalt, etc. 
c. hydrocarbons — paraffin oil. low polymers such as 

polyisobutylene and polybutadiene. 
Examples of the numerous suitable vtutcr soluble plasti 

cizers are: 
a. glycol. glycol ethers and esters 
b. glycerin, glycerol monoacetate. etc. 
c. diethylene glycol, diethylcnc glycol etlicl's and es 

ters. triethylene glycol, etc. 
d. polyethylene glycols (molecular weight range 400 

to 20,000) 
e. propylene glycol, dipropylene glycol 
f. polypropylene glycol (molecular weight range 200 

to 1,200) 
g. trimethylene glycol, tetramethylene glycol, 2, 3 

butylene glycol, etc. 
h. alkyl phosphates (e.g., triethyl phosphate) 
i. Water soluble polymeric materials. such as polyvinyl 

alcohols, partially hydrolyzed pjolyvinyl acetate. poly 
acrylic acid, and polyvinyl pyrrolidone. 

It is also possible to use various combinations of the 
above mentioned plasticizers, such as a water soluble 
and a water insoluble plasticizer with a suitable ?ller 
and high density polyethylene. 
Most of the work was carried out using commercial 

particle form high molecular weight polyethylene, hav 
ing a standard load (2,160 g.) melt index of 0.0, a high 
load (21,600 g.) melt index of 1.8, a. density of 0.95. 
and a viscosity of 4.0 measured as 0.02 grams of poly 
mer in 100 g. Decalin at 130° C. This polymer can be 
prepared by the method given in US. Pat. No. 
2,825,721 using an ammonium ?uoride treated chro 
mium oxide catalyst. When the term “particle form” is 
used herein, it refers to the aforesaid polymer. How 
ever, any commercially available polyethylene having 
a standard load melt index of substantially 0 is entirely 
satisfactory. Many of the illustrations to be described 
used polyethylene having a standard load melt index of 
0.00, a high load melt index of 0.01, and a viscosity of 
9.3 measured as 0.02 grams of polymer in 100 g. Deca 
1111. 

It is noteworthy that melt index is a measure of poly 
ethylene ?ow at standard conditions of temperature, 
pressure, and time through an ori?ce of de?ned diame 
ter and length as speci?ed in ASTMD 1238-GST con 
dition F (“Measuring Flow Rates of Thermoplastics by 
Extrusion Plastometer”). The rate of extrusion in g./l0 
minutes is the melt index, and it is used to indicate the 
average molecular weight of a polymer. The lower the 
molecular weight of a polymer, the more rapidly it ex 
trudes, and therefore, melt index increases as molecu 
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lar weight decreases. By “high-load melt index" 
(HLMI) is meant melt index determined by the proce 
dure of ASTM-D-l238-65 Condition E, except that a 
weight of 211,600 g. is used. 

However, it has been found that in addition to high 
molecular weight particle-form high density (0.93-0.97) 
polyethylene, high molecular weight low density poly 
ethylene, high molecular weight polypropylene, and high 
molecular weight particle form ethylene-butylene copoly~ 
mer can also be used to give entirely satisfactory results. 

Further, depending upon the desired physical properties 
of the ?nal product, the high molecular weight polyethyl 
ene can be blended with standard commercial lower mo 
lecular weight polyethylene, bearing in mind the fact that 
if the overall molecular weight of the blended polymer 
becomes too low, the interim plastic product is apt to 
become brittle. 
The technique which was employed to produce the 

composition can be described as follows. In ,most cases 
the various components were premixed at room tem 
perature in a “dough-mixer." However, in some cases 
the ?ller and plasticizer were slurried together-at room 
temperature in a volatile solve"? which was,_evaporated 
before the materials were combined with the polyethyli 
ene. The polyethylene/?ller/plasticizer "dry blends” (in 
some cases a dough, in others a powder) were then mixed 
in a Brabender Plastograph. ‘ " 
The following mixing procedure was also found to be 

satisfactory. The polyole?n was added to the mixing 
chamber which was preheated to 180‘ C. When the 
polyole?n ?uxed, the ?ller was added, followed by the 
plasticizer. In those areas Where the initial portions of 
the filler produced extremely high torque, portions of 
the plasticizer were added to bring the torque down lie 
fore the rest of the filler was added. Generally 5 min 
utes was allowed to melt the polymer and add the ?ller. 
It was found that when the ?ller is added as a dry pow 
der it frequently accumulates in “dead spots” on the 
blades or in the mixing chamber. For this reason, a 
method of “double compounding" is used. This is ac 
complished by recovering all the material from the 
plastograph. and then replacing it in the plastograph to 
get the material from the “dead spots” adequately 
dispersed. 

It is possible to produce the composition by mixing 
the components in any order. Generally the components 
are mixed in the plastograph at 30 to 200 RPM until 
the mix appears to be uniform. 
The ?nal product blends can vary in overall composi 

tion according to the desired porosity in the ?nal prod- _ 
net. It has been determined that the greater the overall 
surface area of the ?ller, the more plasticizer that can 
be incorporated. Further. the relative proportions of the 
ingredients can vary greatly, depending both upon the 
desired physical properties of the intermediate product 
and the ?nal product. 
The polyole?n/?ller/plasticizer blends were normally 

pressed in standard fashion common to the art on a hy 
draulic press into 0.020 inch (nominal thickness) sheets 
at l25°-l75° C. for about 3 minutes at about 500 psi. 
The only property of interest in the intermediate plastic 
property is sul‘?cient flexibility and strength to be sub 
jected to the forming, fusing (where indicated), and ex 
traction steps necessary before burning and ?ring. 
The method of shaping, pressing (or fabricating), is 

directly related to the type of porous ceramic structure 
which is desired. 

In one embodiment a smooth ?lled thermoplastic sheet 
is rolled up as in FIG. 1 and then subjected to the process 
of the invention. The resulting ceramic body (FIG. 2) 
is then high in microporosity and is readily impregnated 
with oxidation catalysts. 

In another particular embodiment the ?lled polyole?n 
sheet is prepared with integral ribs as shown in FIG. 
3. Following the preparation of the ?lled polyole?n it 
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can be prepared as shown in FIG. 3 by any of several 
methods of fabricating such as molding, extrusion em 
bossing or calendering. The sheet can then be rolled up 
as in FIG. 4. The ribs 1 can be toward the inside or the 
outside of the roll. The ribs whose shape can be contin 
uous, discontinuous, cylindrical (like tufting in a car 
pet) etc. act as spacers to provide macroporosity. This 
type of shaping will produce a honeycombed ceramic 
structure exhibiting both micro and macroporosity. The 
microporosity is achieved as the polyole?n is eventually 
burned out. 
A slightly different honeycomb structure can be ob 

tained by rolling the sheet at any angle of less than 90° 
(FIG. 6) when a polyole?n material having integral ribs 
(2, 2) on both sides (FIG. 5, wherein the ribs on each 
side of the sheet are not parallel in order to avoid "nest— 
ing” of the ribs on contacting sides) is used. Such a mi 
cro-macro porous ceramic body assures a turbulent flow 
of gas and is particularly well-suited to serve as a catalyst 
support having a high capacity for contacting a gas such 
as exhaust fumes from an automobile, in accordance with 
the instant invention. ~ 

It is possible to provide additional pore volume in ii 
porous ceramic structure by foaming the ?lled polyole?n 
composition. (The foaming can be accomplished by the 
addition of any known foaming agent to the ?lled. plasti 
cized polyole?n composition.) Such a composition can 
then be fabricated into any foamed shape by normal 
plastic processing means and later developed into a porous 
ceramic structure (FIG. 7). 

In yet another embodiment nets of ?lled polyole?n 
(FIG. 8) (as hereinafter described) can be fused together 
(FIG. 9) to form a three-dimensional network which. 
when converted into a microporous ceramic is useful as 
a support for a catalyst in gas contacting catalytic proc 
esses. This structure is readily impregnated with catalysts 
in accordance with this invention. This method produces 
a low density ceramic structure with a large surface and 
having no straight paths through the structure, thereby 
providing a tortuous path and a highly turbulent ?ow of 
gas. The interim fused structure can be prepared by layer 
ing net or rolling up of net. both prior to fusing the adja 
cent layers. 

Following fusion the plasticizcr is then extracted. This 
can be accomplished by any solvent in which the plasti 
cizcr is soluble. For example, when using a plasticizer such 
as mineral oil, hexane is a suitable solvent. When a water 
soluble plasticizer such as diethylene glycol is used. water 
is a suitable solvent. The removal of the plasticizer re 
sults in the formation of a microporous structure. in addi 
tion to providing greater surface area. the extraction of 
the plasticizer prior to burning off the polyole?n is of 
great value since the formation of the micropores aids in 
removing gaseous combination products which are formed 
when the polyole?n is burned off. 

After the plasticizer has been extracted the structure 
is heated to above the degradation temperature of the 
thermoplastic so as to completely burn oil’ the polyole?n. 
The degradation temperature will. of course, vary with the 
choice of polyole?n. For the high viscosity linear poly— 
ethylene that I prefer to use, a temperature in the range 
of at least 240° to 260° C. is greatly preferred to initiate 
degradation. 

At a temperature of about 240° C. (when polyethylene 
is the polyole?n) the structure begins to turn black and 
at about 700° C. the structure begins to turn white, indi— 
cating that the thermoplasic has entirely burned off. 
When the thermoplastic is completely burnt off. the 

temperature is increased to that in which the particular 
powder sinters into a monolithic structure, still retaining 
the microporosity. When using the preferred ceramic pou 
der, a-alumina. a temperature of about l.300°-l._150“ (I 
is recommended. The temperature is held at the sintering 
point for about 2 hours and then the structure is tlliO\\Cd 
to cool slowly to room temperature. The cooling time is 
generally about 3—4 hours. 
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The resulting porous ceramic body appears identical in 

shape to the original plastic structure except that a slight 
linear shrinkage. 15-20 percent. takes place. 

In addition to the basic procedure heretofore described 
i.e. mold. roll, heat the structure to just below the burn 
off point to fuse thermop'astically, extract the plasticizer, 
burn off the polyole?n. and ?re the ceramic structure, 
variations of this procedure also result in excellent porous 
ceramics. 
The method of impregnation is not critical, but rather 

any method which is capable of placing the catalytic com 
ponents within the porous structure is sufficient. Further, 
the particular catalytic components used are not speci?c 
to this invention. Any of the various catalytic components 
suitable for removing air polluting fumes from auto gases 
are operable. 
Some of the useful catalytic compositions are disclosed 

in US. Pat. Nos. 3.288.558; 3.295.918; 3.?04,l50; 3.322, 
491; 3.338,666; 3,346,328; 3,455,843 and 3,470,105. These 
catalytic compositions include the following catalytic com 
ponents in percentages by weight of the tgtal catalyst 
structure. ' 

15 

20 

Catalyst 1 Catalytic Components-40?’; CuO, 4.0% 
Cr2O3, 0.02% Pd. 

Catalyst 2 Catalytic Components—8% CuO; 12.0% 
MrlOz, 0.02% Pd. ‘ ’ 

Catalyst 3 Catalytic Components——4% CuO, 6% MnO;,, 
4% 0,0,, 0.02% Pd. 

Of course, other catalytic compositions are also useful. 
A particularly suitable method of impregnating these 

catalytic components onto the porous material is that de 
scribed in U.S. Pat. No. 3,455,843 wherein the cdpper 
palladium is impregnated into the porous structure by 
means of a copper-palladium solution followed by impreg 
nation with the chromia (Cr2O3) by vacuum impregnation 
(Catalyst 1). The components of Catalyst 2 are therein 
impregnated into the porous structure by immersing the 
structure in a copper-manganesc-palladiurn salt solution. 
When this is followed by impregnation with the chromia 
by vacuum impregnation, a porous ceramic structure con 
taining the catalytic components of Catalyst 3 was thereby 
prepared. 
The following examples will aid in further explaining 

the invention. 
EXAMPLE 1 

An alumina ?lled polyethylene composition designated 
Composition A and containing the following components, 
8.6 grams particle form linear polyethylene of 0 Melt In 
dex (SLMI), 76.8 grams tit-alumina, and 28.8 grams of 
a mineral oil with approximately 80 percent saturates 
(viscosity: ssu at 100° F.=547, refractive index=l.4932 
1:0.0003, and special gravity at 15° C.=0.9036—0.9071) 
available commercially as Shell?ex 411 was prepared by 
compounding the raw materials in a Brabender Plasto 
graph at 170° C. This composition was then labeled “Plas 
tic A" and was then pressed to a 12 mil sheet in a hydraulic 
press with 20 tons force, then repressed in a mold to give 
a ribbed sheet with a 6 mil backweb, and about 25 mil 
wide with a taper, 30 mil high ribs spaced one-eighth inch 
apart. From the ribbed sheet, strips were cut 30 mm. wide 
by 8 inches, and these were rolled up tightly with the ribs 
in the direction of the axis of the roll, forming a honey— 
comb-like cylinder. This was inserted into a tight ?tting, 
glass tube, and heated to heat-seal the consecutive layers 
of the spiral roll of ribbed sheet at about 150° C. 
The cylinder was then cooled and immersed in hexane 

for 30 minutes to extract substantially all the mineral oil, 
then dried and heated in a furnace in an oxidizing atmos- ' 
phere ?rst to about 250° C. (over a period of about 2 
hours) when degradation began as evidenced by the black 
color of the structure. The temperature was slowly de 
creased and about 2 hours later and at about 700° C. the 
structure turned white, indicating that the burn off of the 
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polyethylene was complete. The temperature was then 
slowly increased and about 2 hours later the temperature 
reached 1.4500 where it was held for about 2 hours to 
sinter the remaining ceramic powder and cooled slowly 
(about 4 hours). 
The honeycombed porous ceramic body (designated 

“Ceramic body A“) which resulted appeared identical 
in shape to the original plastic structure, but the dimen 
sions were slightly smaller. The body had good physical 
strength and was hard enough to scratch ordinary glass. 

Weight percent can readily be converted to volume 
percent by dividing a given component by its density and 
recalculating on a percentage basis. Thus, in Example 1, 
the components in weight percent can be converted to 
volume percent as follows: 

Volume 
Wt. percent+ in propor 

Component density tional parts Volume percent 

Polynthylene___._ __._ B.6-:—ll= 8.6 
a-alurninn _ _ _ _ _ _ _ _ _ _ _. 76.8+4= 10.2 

Mineral oil _ _ . _ . . . _ . _ .. 28.8+1\= 28.8 

Total ___________________________ _ . 56. 6 10'). 0 

1 An approximation. 

Volume percent is converted to weight percent by the 
same procedure, except that the volume percents are multi< 
plied by the densities of the respective components. 

In the generalized description, and in the claims, it will 
be noted that the invention is de?ned in volume percent. 
This mode of de?nition is frequently preferred, since the 
volumes of the respective components are more generally 
important than their respective weights as regards control 
of processability of the polymer/?ller/plasticizer mixture 
and ability of the product to sinter to a strong ceramic 
product and yet retain useful porosity. 

EXAMPLE 2 

Another sample of “Composition A" was used to pre 
pare another sample of “Plastic A” which was then pressed 
to a 20 mil sheet in a hydraulic press with 20 tons force. 
then repressed in a mold to give a ribbed sheet with 6 
mil backweb and ribs on opposite sides of the sheet, cross 
ing at 90", each 25 mils wide (tapered) and 30 mils high. 
and spaced one-eighth inch apart. From the ribbed sheet 
strips were cut at 45° angles to both ribs 30 mils wide by 
8 inches, and these strips were rolled up. Fusing was then 
accomplished by passing hot air through the strip as in 
Example I. The fused structure was then cooled and im 
mersed in hexane for 30 minutes to extract the plasticizer, 
dried and heated in a furnace ?rst to about 250° C.. then 
to about 700° C. and finally to 1,450° C., as in Example 
1. The honeycombed porous ceramic body (designated 
“Ceramic Body B") which resulted appeared identical to 
the original plastic structure, but the dimensions were 
slightly smaller. This body also had good physical strength 
and was hard enough to scratch ordinary glass. 

EXAMPLE 3 

Another sample of Composition A was used to prepare 
another sample of “Plastic A" which was then made into 
a foamable material (designated “Plastic Foam A“) by 
the addition of 0.25 percent ‘of a chemical blowing agent, 
azo-bis-formamide. The foamable material was heated at 
200° C. at which temperature the foaming agent decom 
poses. The foamed material was then water-cooled and 
fused as in Example 1. The plasticizer, mineral oil, was 
then extracted by dipping the shaped material into hexane 
for 30 minutes. After drying at room temperature for 30 
minutes, the shaped material was heated in a furnace to 
about 250° C., then 700° C. and ?nally to 1,450“ C. as in 
Example 1 to burn off the polyethylene and to sinter the 
ceramic powder and cooled slowly. The porous ceramic 
body (designated “Ceramic Body C") which resulted ap 
peared identical ‘in shape to the original foamed structure 
except that the dimensions were slightly smaller. This ce 
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ramic body provided additional pore volume and was less 
dense than Ceramic Bodies A and B. 

EXAMPLE 4 

Another sample of Composition A was used to prepare 
a sample of Plastic A which was pressed to a 20 mil sheet 
in a hydraulic press with 20 tons force and then pressed 
between two crossed. grooved press platens to produce a 
sample of plastic net. The net was cut. rolled up. and 
then fused together by heating at a temperature of about 
(50° C. to form a three-dimensional net structure which 
was then cooled to room temperature. Extraction of the 
plasticizer and heating to burn off the polyethylene and 
sinter the ceramic structure took place as in Example I. 
The porous ceramic body (designated “Ceramic Body 

D") was of low density (48 lbs./ft.3). had a large surface. 
and without straight paths. The body also had good physi 
cal strength and was hard enough to scratch ordinary 
glass. 

EXAMPLES 5 AND 6 ' 

Example l was repeated except that a high molecular 
weight ethylene-butene copolymer commercially'available 
from Allied Chemical Company (0 standard load melt 
index, 1.8 high load melt index. 0.943 density, a reduced 
solution viscosity of 4.0 and a molecular weight of about 
180,000) was used in place of polyethylene in Example 5. 
In Example 6. Hifax 1901. a high density linear pol'y'ethyl 
ene (0 standard load melt index. and a molecular weight 
of about 2 million) was used in place of the polyethylene. 
In each case. ceramic bodies were obtained exhibiting 
good strength. 

Various other ?llers as explained herein were used in 
place of a a-alumina of Example I. Some of the partiipu 
larly good ceramic powders adaptable of this invention 
were the following: 

EXAMPLES 7-9 

In Example 7 a mullite composition of 75 percent by 
weight raw kyanite (-325 mesh, Al2O3-SiO2) and 25 per 
cent by weight South Carolina kaolin (commercially avail 
able from Huber Corp.) was used in place of the a-alu 
mina. In Example 8 a mullite composition of 75 percent 
by weight calcined mullite (—325 mesh, a 70 percent alu 
mina bauxite-clay calcine) and 25 percent by weight 
South Carolina kaolin (Huber Corp.) was used in place 
of the tit-alumina; and in Example 9 a mullite composi 
tion of 85 percent calcined mullite (-325 mesh. a 70 per 
cent alumina bauxite-clay calcine) and 15 percent Jack 
son ball clay (commercially available from Kentucky 
Tenn. Clay Corp.) was used in place of the tit-alumina. In 
each case the sintering temperature was about 1,225 
1.35011‘. With each ceramic powder a ceramic body of 
good strength was obtained. 

EXAMPLE [0 

In this example a zircon-mullite composition of 50 per 
cent calcined mullite (-325 mesh. a 70 percent alumina 
bauxite-clay calcined). 25 percent ground zircon (—325 
mesh) and 25 percent South Carolina clay was used in 
place of the tit-alumina of Example 1. The rest of the 
procedure was the same as Example 1 except that the 
sintering temperature was 1,225°—1,350° C. A ceramic 
body of good strength was obtained. 

EXAMPLE 11 
Example 1 was repeated except that in place of a-alu 

mina. a spine] (commercially available from W. R. 
Grace & Co.) prepared from the decomposition of high 
purity magnesium aluminate was used. The sintering 
temperature was 1.225°-l.350° C. and a porous ceramic 
body of good strength was obtained. 

Another preferred ceramic powder is that commonly 
referred to as cordierite, which is a zeolite of the for 
mula 2MgO-2Al2O3-5SiO2. The following cordierite 
compositions were prepared and used as the ceramic pow 
der in the plastic composition. 
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EXAMPLES l2~l5 

In Example 12 a cordierite composition was prepared 
by admixing 50 percent by weight Florida kaolin and 
50 percent by weight sierralite (a relatively pure pro 
chlorite commercially available from United Sierra Div. 
Cyprus Mines Corp.). The mixture was substituted for 
the a-alumina of Example I. The remaining procedure 
of Example 1 was followed. The resulting good strength. 
porous ceramic body was sintered at li2(l()“-l.225° C. in 
Example 13 the procedure of Example 1 was followed 
except that a cordierite composition was prepared from 
75 percent by weight Florida kaolin and 25 percent by 
weight tale. The porous ceramic body which was obtained 
after sintering at L300“ C. was of good strength. In Ex~ 
ample 14 a cordierite composition of 72.5 percent by 
weight Florida kaolin, 22 percent by weight talc, and 5.5 
percent by weight magnesium carbonate was substituted 
for the tit-alumina of Example 1. The rest of the procedure 
of Example l was followed except that sintering took 
place at l.275°-l.300° C. and a strong porous ceramic 
body was obtained. In Example 15 the a-alumina of 
Example I was replaced with a cordierite composition 

' prefaced by admixing 68 percent by weight Florida kaolin. 
15 percent by weight talc. and 17 percent by weight mag 
nesium carbonate. The rest of the procedure of Example 
1 was followed and a strong porous ceramic body was 
obtained. 

EXAMPLES 16-19 

Example 1 was repeated except that the plasticizer. 
mineral oil. was replaced by the following plasticizers: 
glycerin (Example 16). diethylene glycol (Example 
17), dipropylene glycol (Example 18). and polyacrylic 
acid (Example 19). In each case the plasticizer was ex 
tracted with water and the end product was a strong 
porous ceramic material. 

EXAMPLE 20 

This example is intended to show the importance of 
the plasticizer in the ?lled polyole?n. A ?lled plastic 
material was prepared from 66.7 percent by volume (90 
percent by weight) tit-alumina and 33.3 percent by vol 
ume (10 percent by weight) particle form linear poly 
ethylene of O melt index. The procedure of Example l 
(except. of course, for the plasticizer extraction step) was 
repeated. The resulting ceramic structure was distorted, 
one end was bubbly, and there was a hole through the 
center of the structure. 

EXAMPLE 2! 

This example illustrates the necessity of using a high 
molecular weight polyole?n. 
The same composition as used in Example 1, except 

that in place of the high molecular weight polyethylene 
a normal molecular weight polyethylene having a stand 
ard load melt index of 2.0 was utilized to attempt to 
prepare a porous ceramic structure. When the structure 
was burned to remove the polyethylene, the polyethylene 
melted and prevented the formation of any ceramic body. 

EXAMPLE 22 

The same composition as that used in Example 1 was 
used. except that it was made'into a sheet without ribs. 
When fusion took place the entire material fused giving 
a cylindrical structure containing micropores. but not 
any macropores. The porous ceramic structure was very 
strong and hard enough to scratch glass. 

EXAMPLE 23 

Three “Ceramic Bodies A," three “Ceramic Bodies B." 
three “Ceramic Bodies C," three “Ceramic Bodies D“ 
were each impregnated with the following catalytic com 
ponents: 4.64% Cr2O3, 6.96% MnO2, 4.64% CuO, and 
0.02% Pd (percentages are by weight). The method of 
impregnation was that described heretofor. 
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A “screen system“ was used to determine the effective 
ness of the catalytic compositions on the porous base 
material prepared by the process of this invention. A feed 
composition consisting of the following components was 
passed through the product of this invention: N-hexane 
and 750 p.p.m. carbon, 1,900 ppm. NO, 1.0% CO, 2.0% 
O, and 10.0% H2O. 

The inlet temperature (the point at which the feed 
composition entered the product of this invention) was 

, about 300° F. The temperature was increased 50° at about 
15 minute intervals over a total period of 3 hours. The 
results are given in the following Table 1: 

TABLE 1 

Percent 00 Percent 
conv.‘ conv. 

HG 
Temperature ' 

aaeeeeeessss. GQWOZOMCGMFQWW 
‘Percent of C0 and HC removed from the feed composittoidfsteam. 

For purposes of determining the effectiveness of the 
product of this invention it was decided to measure the 
amount of catalytic activity, hereafter referred to as 
“activity.” Activity graphs were prepared wherein the 
horizontal axis represented temperatures ranging from 
350° to 850° F. and the vertical axis represented the 
amount of conversion of the base component of; the 
feed composition. With reference to the whole area of 
the rectangle formed with base “350-850° F.” and alti 
tude “CI-100% conversion," the ratio of the area on the 
graph beneath the plotted line to the whole area, times 
100, was referred to as the “percentage of activity.” An 
ideal catalyst would, of course, have a "percentage of 
activity” of 100. For the particular catalytic component 
used in this example the “percentage of activity” was 
obtained as follows: 

CO _____________________________________ .._ 59.1 

HC _____________________________________ __ 27.8 

It was also found that the temperature for a 10 percent 
conversion of CO was 316° F. and for HC the tempera 
ture was 506" F. The temperature necessary for 50 per 
cent conversion was 530" F. for CO and 765° F. for HC. 

These results are comparable to those obtained when 
‘ther forms of catalyst are used for auto exhaust control. 

It claimed: ~ 
1. A process for preparing an engine exhaust catalyst 

comprising the following steps: 
a. homogeneously blending a composition consisting 

essentially of 15-80 volume percent of a polyole?n 
having a molecular weight of at least 150,000 and 
a standard load melt index of substantially zero, 
5-67 volume percent of a ceramic ?ller, selected 
from the group consisting of alumina, mullite, zir 
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con mullite, magnesium aluminate spinel and cor 
dierite, and 15-80 volume percent of a plasticizer: 
selected from the group consisting of mineral oils 
diethylene glycol, propylene glycol, dipropylene 
glycol glycerine, and a glycerol monoacetate, tri 
methylene glycol, tetramethylene glycol, 2.3 
butylene glycol, triethyl phosphate, polyvinyl alco 
hol, and polyvinyl pyrrolidone, 

b. heating said composition to about 125° to 175° C. 
molding to form a plastic sheet and impressing ribs 
thereon, 

c. rolling said plastic sheet so that said ribs contact 
said sheet, heating to about 150° C. to just below the 
burn o?‘ point to fuse the contacting areas together 
thermoplastically, 

d. extracting said plasticizer with water or an organic 
solvent, 

e. removing said polyole?n by heating to 240° to 
700° C. to form a porous ceramic structure, and to 
burn off the polyole?n and, 

f. ?ring said porous ceramic structure at a temperature 
of 1,3001c to l,450° C. [for about 2 hours] for a 
time su?icient to sinter said porous ceramic structure, 

g. impregnating the porous ceramic structure with solu 
tions of soluble salts of metals exhibiting catalytic 
activity for converting engine exhaust gases and heat 
ing to convert the metals to the active form. 

2. The process according to claim 1 wherein said poly 
ole?n is selected from the group consisting of polyethyl 
ene, copolymers of polyethylene, and polypropylene, the 
plasticizer is mineral oil and the plasticizer is removed 
by contacting the fused structure with hexane. 

3. The process according to claim 1 wherein the soluble 
metal salts include salts selected from the group consist 
ing of copper, chromium, manganese, and palladium 
salts and mixtures thereof. 

4. The process according to claim 3 wherein the solu 
tions contain a sufficient quantity of metal salts to pre 
pare a catalyst containing about 4 to 10 percent CuO. 
about 4 percent Cr2O3, 0 to 12 percent MnO; and 0.02 
percent Pd. 
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