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FOREWARD 

This study was a pilot project designed to analyze the efficiency 
and condition of in-use catalysts on high-mileage vehicles. These 1975 
model year vehicles were originally all public-owned and were obtained 
from an earlier EPA project (Restorative Maintenance Evaluation of High­
Mileage, Catalyst - Equipped Vehicles, conducted for EPA by Automotive 
Testing Laboratories, Inc., EPA Contract #68-03-2413) . Tables I and II 
present descriptions, miles accumulated and FTP results for these nine 
vehicles from this past report. 

For the current project the catalysts were removed from the vehicles 
and tested for conversion efficiency and pressure drop. The catalysts 
were then subjected to visual, chemical and physical analysis to provide 
data on their in-use condition. 
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Table I presents descriptions and miles accumulated for the original 
nine vehicles from the earlier report. 

TABLE I 
High Milea8e Vehicles for Catal_lst Evaluation 

Miles 
Veh. II Make Model Accumulated CID IW Trans. Engine Famil_l 
51 1 Plymouth Duster 138,831 225 3500 A F-RG-CII 
512 Dodge Charger 75,064 360 4500 A F-LA2L-C 
5 13 Plymouth St.Wagon 71,026 3 18 5000 A F-LA2-6C 
524 Mercury Monarch 103 '977 250 5000 M3 250 1CEF 
525 Ford Custom 108,238 400 5000 A 35 1M/400"E" 
526 Ford LTD 1 1 1,512 351 4000 A 35 1M/400 1CET 
537 Chev Nova 89,69 1 260 3500 A 10Fl3 
538 Chev Malibu 107,979 350 4500 A 10J23 
539 Buick St.Wagon 137,75 1 350 4500 A 40J43 
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Table II presents the composite FTP emission and fuel economy 
results for the high-mileage vehicles from the earlier report. Testing 
was performed after emission control . repair, removal of catalyst and 
catalyst replacement. 

Table II 
FTP ComEosite Results for Hi�h-Mileage 

Vehicles 

Test Conditions: 

(1) measured with high mileage catalyst after emission component 
repair and vehicle maintenance. 

(2) measured with catalyst removed 
(3) measured after the original catalyst was replaced with a new 

catalyst 

Test g/mi 
Vehlt Condition HC co NOx MP Gu 
5 1 1 (1) 3.00. 22.9 2.54 17 . 1 1  

(2) 3.15 29.8 2.10 18.24 
(3) 1.65 20.1 1.34 17.49 

5 12 (1) 3.75 16.6 2.08 1 1.05 
(2) 8.97 16.8 1.79 12.01 
(3) .93 21.8 .67 1 1.17 

5 13 (1) .74 4.6 2.12 . 1 1.46 
(2) 1.68 28.5 1.78 1 1.67 
(3) .62 14.3 1.34 1 1.69 

524 (1) 1.52 8.0 2.68 17.79 
(2) 2.09 20.7 2.4 1 18.17 
(3) .6 4.8 2.81 17.73 

525 (1) 3.07 35.2 3.06 6.61 
(2) 2.90 17.3 4.00 10.86 
(3) 2.13 14.3 4.44 9.85 

526 (1) 2.04 u.o 6.38 1 1.63 
(2) 2.84 10.3 6.76 1 1. 73 
(3) 2.05 8.0 6.21 1 1.64 

537 (1) 1.14 7.5 1.17 17.67 
(2) 3.35 9.1 1.25 18.56 
(3) .64 5.6 1.08 18.41 

538 (1) 1.90 12.9 1.52 13.05 
(2) 4.07 21.0 1.42 12.66 
(3) .69 7.3 1.37 12.36 

539 (1) 1.4 1 1 1. 9 1.87 12.53 
(2) 2.31 21.6 1.86 1 1.89 
(3) .59 8.4 1.49 1 1.88 



CHARACTERIZATION OF NINE CATALYTIC CONVERTERS 
REMOVED FROM 1975 PASSENGER CARS 

INTROPUCTION 

This report is divided into two sections authored by two different 

people. The first section deals with dynamometer tests made to obtain 

relative emission data, photographs of cut-apart converter cases, semi­

quantitative analysis by emission spectroscopy of major elements present 

on the inlet faces of the converters and quantitative lead analysis of one 

converter which appeared to have been run on leaded fuel. The second 

section deals with data obtained using X- ray diffraction, B. E.T. measure­

ments of surface area, differential thermal analysis, energy dispersive 

analysis and scanning electron microscope analysis. 



SECTION I 

Report by R. G. Lyben 

A. Description of Dynarnometer Tests 

A 400- CID Ford V-8 engine equipped with an adjustable carburetor 

and coupled to a dynarnometer is used to supply a controlled exhaust gas 

mixture to the converter under test. Table 1 gives the operating parameters 

of the engine. Figure 1 is a schematic drawing of the test piping. Photos 1 

and 2 show a converter· attached to the engine for testing. Photo 3 shows the 

emission measuring consoles used in thi� work. 

The test procedure used is detailed below: 

1. Warm up the engine with the converter installed but bypassed. The 

two valves attached to the converter are closed and the valve in the 

bypass line is ·open while the engine is brought up to equilibrium 

temperature at 50 mph road-load. The air/fuel ratio is adjusted 

to 16. 0 at which level 1. 9 - 2. 0% oxygen is present in the exhaust 

gas. 

2. When conditions have stabilized, the valves to the converter are 

opened and the bypass valve is closed. Temperatures, carbon­

monoxide and hydrocarbons are continuously recorded for samples 

drawn from the converter inlet and outlet taps. These measurements 

are continued until readings show no further change. 

3. Pressure drop across the converter is measured at 50 mph road­

load and then the engine is adjusted to 3800 rpm WOT where another 

pressure drop measurement is made. A 3011 mercury manometer 

is used to make these pressure measurements. 

4. The recorded charts are then examined to determine the time and 

temperature it takes to reach 50% hydrocarbon conversion. These 

data can be related to warm-up time. With some of the converters, 
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the .50% point is never reached. With 2% oxygen in the exhaust, 

CO levels are too low to be significant and very little reduction 

in CO occurs. 

B. Converter Efficiency 

Nine converters removed from high- mileage 1975 passenger cars were 

tested. Three converters were double-biscuit monoliths removed from Chrysler 

vehicles. Three single-biscuit monolithic converters were from Ford vehicles. 

The Ford converters of this model year were only installed in one leg of the 

exhaust system, thus only receiving one-half of the exhaust gas. When ana­

lyzing the Ford data, this should be kept in mind. The last three converters 

came from GM cars. These were all 260 cubic inch containers. Two were 

filled with spherical catalyst and one was filled with cylindrical catalyst pellets. 

1. Chrysler Converters - The Chrysler converters have two ceramic 

biscuits mounted in a single ·canister. Emission data are given in 

Table 2. Converters 511 and 513 gave HC reductions of 6 7 and 68% 

at equilibrium and appear to be undamaged. Converter 512 had a 

melted inlet face in the second section. This can be clearly seen in 

Photo 10. Photos 3-15 show all inlet and outlet faces of the Chrysler 

converters. 

a. Warm-up Time - This is defined as the time required to reach 

50% HC conversion. Catalyst 512 had a maximum conversion of 

24% due to the melt. 

Time to reach 50% TemEerature ° C 
Cat.# HC Reduction, secs. Inlet Outlet 

511 62 520 480 
512 N.R. 
513 50 515 400 

b. Pres sure Drop - As expected, catalyst 512 had the highest 
pres sure drop: 
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Cat. # 

511 
512 
513 

Back Pres sure 11 Hg 
50 mph 3800 rpm 

Road Load W. 0. T. 

1. 6 
2.4 
1. 2 

8. 0 
11. 0 

6. 2 

2. Ford Converters - These are single-section monoliths used only 
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in one leg of the exhaust systems in the 1975 model year. As shown 

in Figure 2, HC conversions were 55, 17 and 43%. Catalyst 525 was 

cut in half to exhibit a peculiar melt which began 1 /211 from the inlet. 

Usually, several inches of catalyst are required to build temperatures 

up to the melting point of the ceramic (see Photo 19). Other photos of 

Ford inlet and outlet converter faces are shown in Phtos 16-22. 

-a. Warm-up Time - Only converter 524 was active enough to reduce 

hydrocarbons by 50%. This occurred in 55 seconds at an inlet tem­

perature of 515 ° C and 410 ° C outlet. 

b. Pressure Drop - Pressure drops for the Ford catalysts are given 

below: 

Cat. # 

524 
525 
526 

Back Pressure "Hg 
50 mph 3800 rpm 

Road Load W. 0. T. 

0.8 
2.4 
0.6 

5. 1 
13.0 

4.6 

3. General Motors Converters - These 260-in. 
3 

converters utilize 

alumina spheres or pellets. Bacause of the greater mass involved, 

one would expect longer warm- up times before conversion starts. 

The GM catalysts gave conversions of 86, 57 and 74%. Converter 

538 had the lowest conversion efficiency, longest 50% HC conver­

sion time and largest pres sure drop of the three. Inspection of the 

outlet screen showed partial plugging due to attrition of the catalyst 

as shown in Photos 23- 26. 
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a. Warm-up Time - The times to reach 50% HC reduction are 

given below: 

Time to reach 50% Tem:eerature °C 
Cat.# HC Reduction, secs. Inlet Outlet ---

537 <30 482 75 
538 150 545 440 
539 75 530 240 

Catalyst 537 was.:exceptionally active. 

b. Back Pres sure - Catalyst 5 38 had the highest back pres sure 

due to partial screen blockage. 

Cat. # 

537 
538 
539 

Back Pressure 1 1 Hg 
50 mph 3800 rpm 

Road Load W. 0. T. 

0. 8 
2. 4 
1. 0 

5. 8 
13. 8 

6. 8 

C. Elemental Analysis of Converter Inlet Faces 

cylinders 
spheres 
spheres 

Order of magnitude analyses were made of samples removed from 

the inlet faces of the monolithic converters. Aliquot samples were also 

taken from the GM pellet-filled converters. Monolith samples were obtained 

by drilling 3 I 811 holes to a depth of 1 I211• All samples were ground to a fine 

powder and analyzed using Emission Spectroscopy. 

The source of the elements found would be mainly from the fuel and 

oil. For example, unleaded fuels still contain about 0. 02 gram lead/ gallon 

. on average. Thus in 1 00, 000 miles of driving on unleaded fuel, assuming 1 5  

miles per gallon, 133 grams of lead would pass through the engine. Since 

the alumina and silica catalyst supports are good adsorbents of lead halides 

in the vapor state, it is not surprising to find appreciable amounts of lead 

in all samples. 
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1. Chrysler Converters - Table 3 lists the elements found on the 

inlet converter faces. Since the Chrysler converters are double­

section monoliths, two analyses are shown for each converter. 

Catalyst 512 .would appear to have been exposed to leaded fuel. 

Additional analyses for lead were made on converters 512 and 

513 by Atomic Absorption. Percent lead found was: 

Inlet #1 
Inlet #2 

Converter 512 

29. 10 
3. 41 

Converter 513 

2. 21 
0. 58 

2. Ford Converters - The Ford converters are single-section mono­

liths and were used in only one leg of the exhaust system in the 1975 

model year. Converter 525 suffered a peculiar melt that started 

about 1 /211 from the inlet surface. The lead content of all three inlet 
I 

faces is in the 1-10% range so it is unlikely that any of these ran on 

leaded fuel. Larger amounts of calcium, copper, titanium and zinc 

were found on the melted converter than on the other two. The 

elemental analyses are given in Table 4. 

3. GM Converters - One of the converters was filled with cylindrical 

pellets while the other two contained catalyst spheres. Table 5 gives 

elemental compositions for the three converters. The support material 

appears to be of different composition for the cylinders. The cylinder­

filled converter (#537) also was superior in conversion of BC, warm­

up time and back pres sure. 

D. Conclusions 

It would be difficult to reach firm conclusions on the basis of testing 

only nine converters. We can, however, compare the nine converters tested. 

1. The GM converters as a group were better than the Chrysler conver­

ters, which in turn were better than the Ford converters. 
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2. · One each of the Chrysler and Ford converters had ceramic melts. 

This occurs when ignition malfunctions and unburned gasoline is 

pumped into the exhaust system. It takes only a few minutes to 

reach ceramic melting point temperatures under this condition. 

3. One GM converter had high back-pressure caused by small catalyst 

particles lodging in the output screen due to attrition of the catalyst. 

4. One of the Chrysler cars appears to have been driven on leaded 

gasoline since the lead found on the face was more than 10 times 

greater than on any of the other monoliths. 



Carburetor: 

TABLE 1 

1973 Ford 400-CID V-8 
Operating Parameters 

D3MF-EA (Ford) 
ASTM manual STP 315F 
Sequence V - C - carburetor modification with 

V50F main jets and power valve drilled to 0. 07811 

Distributor Timing: 
6° BTC @ 625 rpm 

26 ° BTC @ 1900 rpm 

50-rnph Road Load: 
1900 ± 25 rpm @ 3 7# Beam = 70. 3 BHP 

A/F 15 16 17 

HC, ppm 146. 0 105. 0 81. 0 

co% 0. 309 0. 180 0. 089 

COz % 14. 60 13. 59 12. 83 

Oz% 0. 7 1. 9 3. 15 

NOx, ppm 2870 2917 1945 

18 

--- - -

0. 003 

12. 20 

4. 12 

- - -- -



TABLE 2 

Equilibrium Conversion Data (50 mph Road Load) 

Converters Removed from High-Mileage 1975 Cars 

Cat. 
# 

o c  o c  HC ppm HC ppm 
In Out In Out 

Chrysler Monoliths: 
511 552 540 78.58 26. 19 
512 565 526 68.28 5 2. 21 
513 563 551 75.81 23.94 

Ford Monoliths: 
524 553 535 77.80 . 35. 10 
525 552 515 80.48 66.74 
526 550 520 81. 65 46.66 

GM Pellets: 
537 562 537 87. 00 12.00 
538 558 516 86.35 36.95 
539 555 520 90.86 23.93 

Vehicle Identification:· 

#511 Plymouth Duster 
#512 Dodge Charger 
#513 Plymouth Wagon 
#524 Mercury 250-6 
#525 Ford 400-CID Custom 
#526 Ford LTD 
#537 Chevrolet Nova 250-6 
#538 Chevrolet Malibu 
#539 Buick Cent\;!.ry Wagon 

RGL:ah 

% co% 
Reduct. In 

66.7 
23.5 
68.4 

54.9 
1 7. 1 
42.9 

86.2 
57.2 
73.7 

0.067 
0.081 
0.075 

0.067 
0.064 
0.070 

0.064 
0.056 
0.075 

co% 
Out Oz% 

0.056 
0.064 
0.063 

0.063 
0.064 
0.060 

0.053 
0.053 
0.053 

1. 95 
2.08 
2. 00 

1. 95 
1. 95 
1. 95 

1. 93 
1. 98 
1. 95 

A/F 

15.92 
16.06 
15. 91 

I 

15.97 
15.90 
15.90 

15. 90 cylinders 
15. 95 spheres 
15. 95 spheres 



TABLE 3 

Elements Found on Inlet Faces of Chrysler Converters 

Values are "Order of Magnitude" Percentag es 

Converter 5 l l Converter 512 Converter 513 

Elen1ent Inlet 1 Inlet 2 Inlet l Inlet 2 Inlet 1 Inlet 2 
Alun1inum. >10 >10 >10 >10 >10 >10 
Barium 0. 1-1 0. 1- 1 0.01-0.1 0.01-0.1 0. 1-1 o. l - l 
Berylium -- -- - - --- - - -

Bo1·0n -- - --- -- - ---

Calciun1 o. 1-1 0. 1-1 o. 1-1 o. 1-1 0. 1-1 0. 1-1 

Chromium o. I -1 0. OI-I 0.01-0.1 0. 0 I-1 O.OI-0.I O.OI-0.1 

Copper 0.0I-0.I O.OI-0.I 0.01-0.I 0.001-.01 0. I -I 0.0I-0.I 

Iron 1-IO 1-10 I-10 1-10 I-IO 1-10 

Lead 1-10 I-10 >10 1-10 1-10 I-IO 

Magnesium >10 >10 >IO >10 >10 >10 
Manganese o. 1-1 o. I -1 o. 1-1 o. 1-1 o. 1-1 0. I -1 

Molybdenum 0.001-.0I 0.001-.01 0.001-.01 O.OOI-.OI O.OOI-.OI O.OOI-.01 
Nickel 0.0I-0.1 0.01-0.l 0.01-0.I - 0.01-0.1 0.01-0.1 O.OI-0.l 
Palladium 0.01-0.I 0.01-0.1 
Phosphorus 1-10 I-10 1-10 o. I -I 1-10 o. 1-1 

Platinum 0.01-0.1 0.01-0.I 0.01-0.1 0.01-0.1 0.01-0.1 0.01-0.1 
Silicon >10 >10 >10 >10 >IO >10 
Strontiurn 0.001-.01 0.001-.01 0.001-.01 o. 001-. 01 0.001-.01 0.001-.01 
Tin 0.001-.0I 0.00I-.01 0.001-.01 0.001-.01 ----- - - - --
Titanium 0. 1-1 0. 1-1 0. 1 -1 o. 1-1 0. 1-1 o. 1-1 
Vanadium 0.001-.01 0.001-.01 O.OOI-.OI 0.001.:..01 0.001-.0I 0.001-.0I 
Zinc 1-IO o. 1-I 1-10 0.01-0.1 o. 1-1 0.01-0.1 

Lead by A. A. - - - -- -- - - - 29. 10 3.41 2. 21 0.58 
HC Reduction 67 24 68 
War1n-up Time, secs. 62 50 
Back Pressure WOT 8.0 11. 0 6.2 



TABLE 4 

Elements Found on Inlet Faces of Ford Converters 

Values are 110rder of Magnitude11 Percentages 

Converter 524 Converter 525 Converter 5 26 

Element Inlet Face Inlet Face Inlet Face 

Alurninum >10 >10 >10 

Barium 0.01.0.1 0.01-0.1 

Berylium -----

Boron - - - - - 0.01-0.1 

Calcium. 0.01-0.l 1-10 o. 1-1 

Chromium 0.01-0.1 0. 1- l 0.01-0.1 

Copper 0.01-0.1 1-10 0. 1-1 

Iron 1-10 >10 1-10 

Lead 1-10 1-10 1-10 

Magnesium >10 >10 >10 

Manganese 1-10 1-10 1-10. 

Molybdenum 0.001-.01 0.01-0.1 0.001-.01 

Nickel 0.01-0.1 0. 1-1 0.001-0.l 

Palladium 0. 1-1 0. 1-1 0. 1-1 

Phosphorus 1-10 1-10 1-10 

Platinum 0.01-0.1 0.01-0.1 0.01-0.1 
, 

Silicon >10 >10 >10 

Strontium 0.001-.01 0.001-.01 0.01-0.1 

Tin 0.01-0.1 

Titanium o. 1-1 1-10 1-10 

Vanadium 0.01-0.1 0.01-0.1 0.01-0.1 

Zinc o. 1 - 1 1-10 o. 1-1 

HC Reduction 55 17 43 
Warm-up Time, secs. 55 
Back Pres sure WOT 5. I 13. 0 4. 6 



TABLE 5 

Elements Found on Aliquot Samples of Catalyst Pellets from GM Converters 

Values are "Order of Magnitude" Percentages 

Element 

Aluminum 
Bariun-1 
Berylium 
Boron 
Calcium 
Chromium 
Copper 
Iron 
Lead 
Magnesium 
Manganese 
Molybdenum 
Nickel 
Palladium 
Phosphorus 
Platinum 
Silicon 
Strontium 
Tin 
Titanium 
Vanadium 
Zinc 

HC Reduction 
Warm-up Time, secs. 
Back Pres sure WOT 

Converter 537 
Cylincters 

>10 

0.01-0.l 
0.01-0.l 
0.001-.01 
o. 1-1 
o. 1-1 
0. 01-0. 1 
0. 1-1 
0.001-.01 

0. 1- 1 

0.01-0.1 
o. 1-1 

0.01-0.1 

86 
<30 
5.8 

Converter 538 
SEheres 

>10 

0. 001-. 01 
0.01-0. 1 
0.01-0.1 
0. 01-0. 1 
0.001-.01 
0. 1-1 
o. 1-1 
0. l - 1 
o. 1-1 
0. 001-.01 
-- -- -

0. 1-1 
o. 1-1 
0.01-0.1 
0.01-0.l 
--- - -
-----
0.01-0.1 
0.001-. 01 
o. 1-1 

57 
150 
13. 8 

Converter 538 
SE heres 

>10 

0. 001-.01 
0.01-0.l 
0.01-0.1 
0. 01-0.1 
0.001-. 01 
o. 1-1 
o. 1-1 
0.01-0.1 
o. 1-1 
0.01-0.1 
-- - - -

o. 1-1 
o. 1-1 
0. 01-0. 1 
o. 01-0. l 
- - - - -

-- - - -

0.01-0.1 
0. 001-. 01 
0. 1-1 

74 
75 
6.8 
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Photo 5. Converter #511 Outlet 1 
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1'>75 Plymouth IJu�;l<•r 

Photo 6. Converter #511 Inlet 2 
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Photo 7. Converter #511 Outlet 2 



t�512 INLET 1 
1975 Dodge Charger 

Photo 8. Converter #512 Inlet 1 



H512 OUTLl::T 1 
1975 uouge charger 

Photo 9. Converter #512 Outlet 1 



t�512 INLJ�T 2 
1975 oodgc Churgcr 

Photo 10. Converter #512 Inlet 2 
(showing melt) 



#512 OUTLET 2 
1975 Dodge charger 

Photo 11. Converter #51 2 Outlet 2 



;t513 
1975 J>Jymuuth '•'u<Jcm 

Photo 1 2. Converter #513 Inlet 1 



Photo 13. Converter #51 3 Outlet 1 



Photo 14. Converter 4f5 l 3 Inlet 2 



#513 OUTLET 2 

1975 Plymouth Wagon 

Photo 15. Converter /1513 Outlet 2 
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Photo 19. Converter //525 Inlet 

(showing melt) 
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Converter #5 26 Inlet 
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Photo 22. Converter #526 Outlet 



Photo 23. Converter //-538 Inlet Screen 



Photo 24. Converter f/538 

Front of Outlet Screen 



Photo 25. Converter /f 5 38 

Back of Outlet Screen 



Photo 26. Converter f/538 
Back of Outlet Screen (Close-up) 



SECTION II 

CHARACTERIZATION OF CATALYST SAMPLES 
BY INSTRUMENTAL TECHNIQUES 

Report by Leonard Niebylski 

A. X-ray Diffraction Analyses 

1. Core Samples 
a. Chrysler Cars 
b. Ford Cars 
c. GM CarB 

2. Surface Deposits 
a. Chrysle:� Cars 
b. Ford Cars 
c. GM Car:; 

B. X-ray Energy DiBpersive Spectroscopy - Surface and Core 

C. Surface Area Measurements 

D. Differential Thermal Analysis 

E. X-ray Diffraction Pattern Charts 

F. Specific Surface Area Data Tables 

G. Differential Thermal Analysis Curves 

H. Scanning Electron Micrographs 
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A.., X-ray Diffrac�ion Analyses 

Both core and. surface deposits were analyzed by X-ray diffraction. A 
scanning X-ray diffractometer with filtered copper-X-rad.iation was used.. 
The monolithic core Kith deposits was grou_"t'ld in an automated mortar and 
pestle apparatus. T1:.e grrn1nd material was placed on a microscope slide with 
doubled-side�. scotch tape being used to secure the deposit. All materials 
were analyze;·.� in duplicate. The extru.date and spherical pelleted catalysts 
were similarl:,r proce::: sed with several pellets used as the composite sample. 
T'ne suxface deposits · on both pellets and at the entrance and passages of the 
monolith were analyze:d. In some instances, particularly when very little 
deposit was present, core material became intermixed with the surface deposits. 

The X-ray diffraction patterns obtained for each of the catalysts pro­
vid.ed are included. with this report. Pattern analyses yielded no surprises 
with exception of catalyst 525 which had a melt down. An w_imown crystalline 
material was characterized for the :fused co:::-e material. 

The reported crystalline composition of the monolith u..sed as a support 
material as manufactured. has been co!1firmec. tli...rough our X-ray analysis of 
si.,:pports obtained d.irectly from the manufacturer before wash coating and 
.catalytic metal processing. T"ne gene::. al composition of Corning ivionoli ths is 

.cordierite, 2Vig02.P1_12035Si02 dominant phase 

VaTyir...g trace amounts of other phases include: 

Alu...r!lina 

Mullite 

Spinel 

alpha-Al203 

3Al2032Si02 

MgA1204 

A wash coat is added to the surface of the monolith supuort. This m?.terial 
is either ga."Il.'1H�. or theta alumina or a mixture of the two. This high surface 
alu_':l.ina is pre:sent i:J. a few mils thickness. It is this layer of the support 
that become catalyti<::ally activated with platimun and palladium. Normally 
our X-Tay dif:fractio:'.lal analyses will not pick up this high surface alumina 
unless the coating i.s exceptionally thick and free of deposits of combustion. 

Pelleted, spherical and extruded catalysts, are normally all pure ga.rmna 
or theta, high slrrfa:!e area :o.lmn.ina. The average c:::::stallite size of the 
alu.':D.na will generally range about 100 to 300 Angstroms. No wash coat is 
necessary for this m3.terial, therefore the platinum and palladiu..'ll. are added 
to the pelletized surface after the pellet is formed to conserve on catalytic 
metals used. 

The specific core analyses for all the nine catalysts s·u.p:plied is smn­
r:ie..::-ized in the follo·;.ring: 
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l , X-ray Diffraction Analyses Summary of Catalystic Supports 

- Core Analysis Only -

ex, C.'ll·ysler Cars: Two Corning monoliths were used in each of the cars. Ti1e 
monoliths :i1ave a tric:.ngular shaped open space with 236 cells per square inch. 
Some variations were noted in core composition of the two monoliths supplied. 

NOTE: 

Test 511-1 major component cordierite 
�5% o<-Al203 
l5-2oo/o 0::-Si02 

Test 511-2 major component corciierite 
,.._, 5% �-Al203 

Test 512-1 and 512-2 major component corciieri te 
5-10% o<-Al203 
15-20°/o Un_'lmown phase 

Test 513-1 and 513-2 major corrponent cord.ieri te 
5% o<.-Al::e03 

15-20°/o Un_>mu.m 3211 

l UYL'mown ph3..ses are designed by the d.-value of the strori.gest 
diffractio:n line. Different ur11rJiown number designations 
indicates ::. different crystalline phase is present. 

2971 

b, Ford Cars: Catalysts from tests 524 and 525- used square hole: 200 cells per 
square inch Corning supports. The catalyst from test 526 used a rippled 
suppo::.·t of 256 cells per square inch manufactured by .A...r.11erican Lava. This 
support material is no longer being manufactered. Two supports 
were used per car in this test series. 

Test 524 

Test 525 

Non-fused Core: 

Fused Core: 

major component 
loa/o 
10-15% 
look 'fl -

cordierite 
MgA1204 
o<�Al203 
mullite 

A portion of this catalyst ha,1 a melt down. Both 
the fused and the non-fused ceramics were analyzed. 

major component 
�5% 
5-10°/o 

40% 
30�35% 
<lO<{o 
<10% 

cordierite 
o<-Al203 
MgA1204 

cordierite 
UrL1':..-riow21 2571 
c<-Al203 
mullite 



Test 526 major compone!'lt 
20% 
25-30% 
<10% 

cord.ierite 
l'l.1g.Al204 

o(-Al203 
mullite 
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c. General Motors Cars: Pelleted support materials are used in these test 
catalysts. Test 537 used extruded, cylindrical shaped pellets about 1/8 inch 
long - 3/32 inches d.:Lameter. C'=l.talytic supports from test 538 and 539 are 
spherical with the spheres rangiri..g from 3/32 to 5/32 inches in diameter. 

Test 537 alpha al1unina 
theta alumina 

The presence of alpha, alu.rnina suggests the catalyst was subjected to an ele-..ated 
temperature in exces,s of l800°F during a portion of its operation. 

Test 538 

Test 539 

40% 
60°/o 
trace 

6ocp 
40% 
trace 

��, - Surface Deposit A:!:lalysis -

g a.irnna alumina 
theta alu.rn.ina 
of either eta or delta Al203 

gamma alu.rr..ina 
theta alUJ1'1..ina 
delta alumina 

The core material composition has been subtracted out from the diffrac­
-cion pattern if present. The composition data is thst of materials deposited 
on tne catalyst supr:ort which is formed by combustion or volitilization of 
materials from the engine. The deposits from pelleted catalyst is that material 
1·1hich is on the pell.et surface. The lr.onoli th surface deposit is that which is 
ci.eposited at the entrance to the monolith passages. 

ci. Chrysler Cars: 

Test 511-1 anc. 511-2 70-7576 PbS04 
15-20% l'lm304 
rer:lainder unknown 

Test 512-1 and 512-2 85<{a PbS04 
1576 PbOPbS04 

Test 513-1 anCL 513-2 l5-20C/, PbS04 
75% Mixtm·e of 1ml:nowns 

b Ford Cars: 

In all instc.nces 0�1e or moTe w1b10;·:11 phase s are present in the sm·face 
C.eposits. Catalyst:; fro'.".! tests 524 and. 526 c.re app:rnxir:iately the sa:':le. Deposits 
:'::.'0;:1 car test 525 contains a different set of 'J . .nl·::..nmms \·:i th the exception of 
possibly one phase being common in all deposits. (See Diffraction :tatten.!s) 
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c, Gene2·al Moto!'s Cars: 

UP.like the For<i test S8.i"llples) the surface deposits on General Hotor 
pelleted catalysts are poorly developed crystallites. 1'-Lri.304 is present in 
concentrations up to 20% in all catalysts samples. �ne un..k:.�ovrns present on 
catalysts of Ford cars are also present on these supports. (See diffraction 
patterns). 

ei Surface Analysis by X-ray Energy Dispersive Spectroscopy 

To help characterize the urumown compositions of the surface deposits 
observed by X-ray diffraction on Ford and General Motors catalysts a surface 
analysis was per:f"orm:!d using scanning electron microscopy (SEM) and energy 
dispersive spectroscopy (EDS). The type of surface d.eposits formed on catalyst 
surfaces is illustrated in the SE!,1 micrographs for catalyst from tests: 512 
(Cb.rysler monolith) 525 (Ford monolith) and 537 (GM extrudate) and 538 (GM 
cieposits on pelleted catalysis will vary from 10 to 40 microns. The deposits 
within the ch&..rillels of a monolith will vary from 15 to 60 IPicrons and. at the 
entrance to the monoliths deposits may be more than 100 microns thick. 

Energy C..ispersive spectroscopy is a technique by which electrons generat­
ing an image in the SEM also generate X-rays chare.cteristic of the element 
being irradiated. These X-ray radiations are picked up and a sD.2'.'face analysis 
of a 10- 20 ::nicrons layer thick is obtained. In areas >·1here the d.eposi t may be 
thinne2· than 20 rriicrons some of the suppor-ting catalysts will be detected. 

All nine catalysts were analyzed by EDS. The data are presented in the 
table on the :;'.'olloi·1ing page. Only the 9 major el,�ments generating enri.ssions 
are d.etected. ThesE data ai·e quantized :relative to weight pr ::sent on the 
surface at the location being irracij_ated. Elec::.f=nts in greater than lOofa con­
centration will havE� a significant influence on the bulk crystalline composi­
tion of the d.epositli:. 

It should be pointed that Mg) Al. and Si are due priinarily to support 
materia.Ls. The presence of J?b and Mn is due to an antiknock present in gaso­
line the vehicle used. The presence of Zn, Ca) P and S are due to oil additive· 
cons-ci -cuents. The 1;Ds techniq-u .. 2 being used does not readily distinguish be­
ti·:een sulfur and lead in concentration less than 3ap. Consequentl·y when sulfu,r 
or lead is detected there will be a -::.uestion as to which elernent is p:res.;nt. 
Another surfe.ce ana:Lytical technique is needed to establish the absolute quanti­
tative concentrations of sulfur and lead. When the concentration of Pb is 
greater than 3°/o secondary lead lines are detected therefore the concentration 
o:� lead present is <�bsolute. Unfortunately it does not yield sulfur data unless 
sulf"ur is present in excess of 5'{o. 

Based on the :3urface analysis data it appears that lead contamination 
occurred in about half the catalysts provided. 
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Maj or Lead Cont2..i.'Ili.nation in Surface Deposits of Exhaust Catalysts 

Chrysler 

511 yes 

5 13 slight 

Ford 
Test Pb-Contarnination 

5 24 yes  

5 25 questionable 

526 yes 

General Motors 
Test Pb-Conta,�ination 

537 , pos sibly some 

5,38 no 

539 no 

The 
and lead. 
537: 538, 

u.rikn.owns in test 524 and 526 appear to be associated·  with manganese 
Whereas the un .. 1m.owns detected in deposits on catalysts from test 

and 539 appear to be associated with Mn, Ca and P. 

C, Surface Area T'-':S:asurements 

T'ne cs.talytic  activity of a material can be estimated by the specific 
surface area mes.sured for that material . Multi-point B .  E . T .  analyses  were 
obtained on all nine catalytic sa.rnples . An Accus01·b Physical Adsorption 
.Analyzer using nitrogen gas was used to pTovide the gas adsorption d.ata.  
T'ne suecific s·u.rface area obtained for each sa..rnple is su::"marized in the table � -
belov: . All the adsorption data are also provided in the attached computer 
print- out sheets .  

Specific Surface Area of  Test Catalysts 

Sample 
Identification 

5 11-1 Flymouth 
5 12 Dodge 
513-1 Plymouth 
5 24 Ford 
525 Ford 400 
5 26 Ford LTD 
537 GM 
538 GM 
539  GM 

Specific Surface fa..rea - (m2 /g ) 
8. 68 
6 . 35 
6 . 98 
5 . 09 
3 . 91+ 
8 . 08 

60 . 9 
108 . o 

58 . 5 
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Pell et i z e d cat 9.lyst s normally rate 100 to 125 m2/g when fre sh .  The 
low er r eadings of 58 and 60 m2 /g suggest s ome . deact :.vatio!1 of the catalyst . 
Monolith support surface area i:�e asur ement s ar e de c eiving s inc e only a very 
thin wash c oat provi de s  the r e quir e d  high surfac e area for a catalyt i c ally act ive 
mat er ial. Ther efo r e ,  it s weight is ins i gnificant · compar e d  to that of the mono­
lith support it s el f .  Cons equently: surface ar ea measurement o f  monoliths 
yi eld values of 5 to 10 "(4 m2/g .  Lower r e ading wo-..U.Q sugg est p o s s ibly s ome 
catalyst deact ivat ion has o c curred. 

D. Different ial Thermal Analy s i s  

The solid stat e  thermal prop ert i e s  o f  the . monolith with it s depo s it s  
were analyz e d  b y  differential thermal analy s i s  ( DTA ) .  A DuPont 990 thermal 
analy s i s  s y s t em was us ed. It i s  capable of mea sur ing therr.ial chang e s  up to 1200° C 
in a c ontrolle d atmo sphere environment . The thermographs �-;p-,· e ·  obta ined on all 
nine cataly s t  sample s . ·  App�oximately · 30 rn.illigrams of s ample which was 
ground and packe d into a plat inu.."l!l c ell . The atmo sphere gas c ontained 0. 8<fo 
oxygen i n  nitrogen. The oxygen level clos ely approximat e s  the oxygen level 
in ex.haust str eam when 11./F r at io is at stoi chiomet r i c  and. no adde d air i s  
inj e ct e d  int o  the exhaust strea.rn. Both heating and cooling curves were ob-
taine d ar..d registe::.· e i  on the s a.rne chart . The DTA thermog2:"·:.:.ms ar e provided. 
w ith thi s r eport . The th:;rr.ial s ensit ivity o f  the therm.al re spon s e s  obtaine d 
i·�as s et at two levels , 0. 2 and l .  0 milli c alor i e s  per inch s cale deflection. 
Und.e::' the s e  s ensitivity c onditions the thermogrc....rn provide s  a view of the maj or 
and. :':inor thermal r eactions that are t aki:ng plac e .  The sy stem was heat e d  at 
a r at e  of 10° C per minut e .  A s imilar c ooling r at e  was programe d. T'ne therraal 
de.ta obtained on the nine s ampl e s  i s  s1u11rnari z ed b elow : 

Chrysler C at r.lyst s : T e st s  511, 512, and 51�, , C ornirur 1 s 236 c/iif supp ort s :  
A minor, but . sha1·p- exotherm, o c c·::r s b etween 170- 190° C Hhi ch cannot b e  as s o c ie..t e d  
with any known phys i cal change e:,:,..:: ept surfac e de sorption . 

A pronounced oxi dat i on r eact i o n  r eaches an exothernii c  peak at : 

400° c for 

260° c for 

360° c for 

cat aly s t  

cataly s t  

cat aly s t  

511 

512 
5 13 

In all th e s a.rnples a minor exothermi c r eact i on appear s  to be initiat e d  b etween 
700-750° c .  Thi s app ear s as i ncreas e d  no i s e  in the th�i·ni.al recor ding . It 
i s  beli eved the s e  r Ea.ct:: 2ns ar e due to s int er ing or surface r eact i ons . 

A subt le, miner endothermi c reac� i on appears to range from about 620° c · 

t o  850° C .  Th5. s change i s  u.11dbubt edly due to a crystallographi c  chc..2:ge that 
occurs within the cc r e .  

_l'J._ sharp exothermic phas e tran s it ion o c curs in cataly s t  513 ,  at 695 ° C thi s 
i 3  a phas e rever s al tran s it ion s ince it als o  o c cur s  endotherm.ically on cooling . 
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Ford Cataly sts 

T e st s am:1l e s  5;�4 and 525 repre s ent Corning 200 c e ll s /in2 monoliths . 
The monolith f: �;m t e :;t 526, r epr e s ent s an Am eri can Lava support whi ch i s  
consicl.erably l e s s  pu:�e than the Corning s amples .  'Yne s e  were anal:i· z e d  by 
different ial thermal analy s i s . Some slight high t einp erature differ enc e s  
are not e d  i n  the I!rA curv e s  that would d.i stingui sh the Lava support from 
the Corning support . 

An init ial minor but sharp exotherm o c curs at 170- 190° C s imilar to that 
ob s erved with the Chrysler support s .  Oxi dat ion r eact i ons oc cur w ith the exo ­
therm reachil}g a maximum at : 

370° c for t e st 524 

340° c for � es t  525 

425° c for t e st 526 

In the i·ange of 65 0° - 700° an endotherm i s  init iat e d.  and. ext end.s to 900° C .  
Thi s  th ermal react ion is believed to be due to a crys tallographi c  pha s e  chang e . 

Minoi· pha s e  trans it ions provide a sharp exo-r.nerm in the cooling curve s 
in the range of 970- 10�·0° c .  The higher tran s it ion t emp erat-tl.r e  r epr e s ent s a 
Lava support . 

General Moto::::- s Cataly s t s : 'Y.c .. 2 s e  pe llet e d  c atalyst s w er e  analy z e d  s lE..ilar . to the 
monolith supp orts . Cataly st pellets f'ro:E t e s t  537 we:i:e extrudat e s ;  and pellets 
from t e sts 538 and 539 were sphere s .  Thermal di ff erenc e s  b et1·1 e en the t\·io f orms 
was slight, only the high t emp eratuTe pha s e  tran s i t i ons can di s t inguish b etwe en 
the two forms . Tb.e sphei·es show a sharp e:xothenn on cooling at 1035°  C while the 
extrudate produc e s  a. exotherm at )\S0° C pha s e  trans it ions . The s e  tran s it i ons ar e 
i· eve r s ible on heating and cooling . 

Overall the p e llet e d.  catalyst s prod-u.c e  an initial strong endotherm in the 
range of 35 t o  80° c ,  pos s ibly aG.s or bed wat er or gas is b eing de sorb ed .  A 
minor exothe1·rn. i s  ol: s e !'"lre d  in the r ang e of 170 to 190° C s in:ilar t o  that not e d  
· ... 'ith the monoliths :  although i t  i s  l e s s  pronounc e d  in the cas e o f  the pellet s .  

An oxidat i on maximu.'!l i s  not e d  for the differ ent t e s t s  s e:::ples at : 

350° C for t e st s a1nple 537 
290° c for t e st sample 538 

310° c for t e s t  s ample 539  

In conclu s ion, i t  would b e  nec e s s ary to c omb ine hi gh t er�peratur e  X-ray 
diffract ion analy s i �: and tn ermogravometr i c  analy s i s  to gas cfi_romat o-
graph i c  analy s i s  to as c ertain the subt le thermal chang es that are b eing ob­
s ey\re d .  In general though t11e r eact i ons are s li ght s.11d. do :·18� a.ff'ect t11e 
ove1·a11 p::-:�,1 s i cal st !·uc tlff e of the support 1 .. 1hen heat e d  to 1200° C .  Po s s ibly 
1:ighe1· t empe ratw: e s  may be required to s e e  a catas trophic change 2. n  structure . 




