EPA-420-R-86-101
SOUTHWEST RESEARCH INSTITUTE

POST OFFICE DRAWER 28610 ¢« 6220 CULEBRA ROAD * SAN ANTONIO, TEXAS, USA 78284 * (512) 684-5111eTELEX 78-7357

September 29, 1986

TO: Mr. Craig A. Harvey, Project Officer
Emission Control Technology Division
Environmental Protection Agency
2565 Plymouth Road
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SUBJECT: Final Report for Work Assignment No. 20, Contract 68-03-3192,
"Catalyst Evaluation," SwRI Project 03-7774-020.

This Work Assignment has been intended to evaluate the condition of
catalysts and oxygen sensors removed from in-use vehicles. The catalysts and
oxygen sensors were removed from In-Use Technology Assessment program
vehicles by EPA. The converters represented monolith technologies and both
single and multiple beds. Catalysts used by several different manufacturers
were included in the evaluation, and they included both oxidation and/or three-
way catalyst types.

This letter report, along with the included data, is intended to be the final
report of the results from the catalyst and oxygen sensor evaluation testing. It
includes all the results from the "on-engine" evaluations (including converter
light-off times and converter efficiencies); and all results from the laboratory
analyses by whole converter x-ray, B.E.T. surface area, x-ray fluorescence,
proton induced x-ray emission (PIXE), x-ray diffraction, and scanning electron
microscopy (SEM). Twelve oxygen sensors (8 whole and 4 partial tips) were
evaluated for leakage rate, voltage output, sensor response time, cold light-off
time, B.E.T. surface area, and electron spectroscopy for chemical analysis
(ESCA) of exterior elements. Only a brief discussion of the analytical
procedure, and no discussion of the trends observed in the evaluation of each
catalyst, is included. A total of 42 converters (29 whole and 11 partial samples)
were examined. A list of the converters evaluated in the program is presented
in Table 1. Of the 42 converters, 9 were evaluated "on-engine" only, 7 received
laboratory analysis only, 7 were quality assurance samples for the laboratory, 2
were quality assurance for the engine, and 17 were examined using all of the
analytical procedures. A detailed description of the laboratory analytical
procedure is presented in the final reports for Work Assignments No. 10 and 17
of Contract 68-03-3162 (with the exception of PIXE and ESCA) and the
parameters for the "on-engine" evaluations are presented in Table 2.
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TABLE L. LIST OF CATALYSTS FOR EVALUATION

Converter or Engine
Biscuit Number Make Family Type of Catalyst
A3/1037-A Ford 1.6AP/EAC dual biscuit 3-way + Ox
A81/0270-1 Ford 3.3GQ/EAC single biscuit 3-way
A87/0479-2-A Chrsyler BCR1.7V2HI! dual biscuit Ox + Ox
A154/0392-A Ford CFMI1.6V2GKC2  dual biscuit 3-way + Ox
A155/0979-1-A Chrysler CCR2.2V2HFL1  dual biscuit 3-way + Ox
A160/0656-1 Ford CFM3.3VIGXF9  single biscuit 3-way
A180/0094 Nissan CNS2.8V5FAF4  single biscuit 3-way
A193/0908 Chrysler DCR2.2V2HAC3  dual biscuit 3-way + Ox
A214/0681-A Ford CFM5.0V2HDF8  dual biscuit 3-way + Ox
A218/0045 Nissan CNS2.8V5FAF1 single biscuit 3-way
A218/0045X Nissan CNS2.8V5FAF1 single biscuit 3-way
A218/0068 Nissan CNS2.8V5FAF1  single biscuit 3-way
A220/0392 GM D4G3.8V2ZNEA3  dual biscuit 3-way + Ox
A220/0810 GM D4G3.8V2NEA3  dual biscuit 3-way + Ox
A221/0152 Chrysler DCR2.2V2ZHAC3  dual biscuit 3-way + Ox
A221/0198 Chrysler DCR2.2V2HAC3  dual biscuit 3-way + Ox
A221/0204 Chrysler DCR2.2V2ZHAC3  dual biscuit 3-way + Ox
A221/0310 Chrysler DCR2.2V2ZHAC3  dual biscuit 3-way + Ox
A221/0447 Chrysler DCR2.2V2ZHAC3  dual biscuit 3-way + Ox
A230/0177X GM D1G2.0V5XAJ4 dual biscuit 3-way + 3-way
A230/0636X GM DIG2.0V5XAJ4 dual biscuit 3-way + 3-way
A240/0016L Ford DFM!1.6V2GDKé  dual biscuit 3-way + Ox
A240/0102 Ford DFM1.6V2GDKé6  dual biscuit 3-way + Ox
A240/0141L Ford DFM1.6V2GDKé6  dual biscuit 3-way + Ox
A240/0153 Ford DFMI1.6V2GDK6  dual biscuit 3-way + Ox
A240/0334L Ford DFMI1.6V2GDKé6  dual biscuit 3-way + Ox
A249/0169-1 Chrysler = DCR5.2V2HAP9  single biscuit 3-way
A249/0169-2 Chrysler DCR5.2V2ZHAP9  single biscuit 3-way
A249/0169-3 Chrysler DCR5.2V2HAP9  dual biscuit 3-way + Ox
A249/0486-1 Chrysler DCR5.2V2ZHAP9  single biscuit 3-way
A249/0486-2 Chrysler DCR5.2V2HAP9  single biscuit 3-way
A249/0486-3 Chrysler DCR5.2V2HAP9  dual biscuit 3-way + Ox
A254/0031 Toyota DTY2.4V5FBB2  dual biscuit 3-way
A254/0037 Toyota DTY2.4V5FBB2 dual biscuit 3-way
A254/0191 Toyota DTY2.4V5FBB2  dual biscuit 3-way
A254/0275 Toyota DTY2.4V5FBB2 dual biscuit 3-way
A280/0001L Chrysler ECR2.2V2ZHAC4  dual biscuit 3-way + Ox
A155/094!1-1 Chrysler CCR2.2V2HFL1  dual biscuit 3-way + Ox
A155/0941-2 Chrysler CCR2.2V2HFL!  dual biscuit Ox + Ox
A207/010! Chrysler CCRI1.7V2HBF?  triple biscuit 3-way + 3-way + Ox
A215/0201R Ford CFM5.0V5HEFQ  dual biscuit 3-way + Ox
EPA 1174R GM DI1G2.8H2NNA9  dual biscuit 3-way + OX




TABLE 2. PARAMETERS FOR CONYERSION EFFICIENCY AND LIGHT-OFF TIMES

IL.

IIL.

Light-Off times
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Engine speed = 1800 + 20 rpm

Purge catalyst before starting - cool to 100-110°F

Exhaust flow rate through catalyst - Engine Family Displacement
Air injected upstream

Temperature of exhaust at catalyst face = 730 + 30°F

Exhaust concentration settings

Sample for 600 seconds

Conversion Efficiency

1.
2.

3'

Engine speed = 1800 + 20 rpm

Temperature of exhaust at catalyst face = 730 + 30°F

(controlled by engine load)

Engine Exhaust Emission levels at 14.7 A/F ratio: HC = 1500 + 200

ppm and NOy = 1600 + 200 ppm

Exhaust flow rate through catalyst - Dependent on Engine Family

Displacement

Air/Fuel ratio increments of 0.2 from 14.1 to 15.3

Injected O; - set at 10% dilution of exhaust (Sarbon in | 1)
Carbon out

a. 3-way (no air injected)

b.  3-way + Ox (air injected to Ox catalyst

Gaseous Emission Instrumentation

Inlet
HC FID 0-5000 ppm

CO NDIR 0-3 and 0-6%

NOy Cl 0-1000 and 0-2500 ppm
O 0-25%

CO; NDIR  0-6 and 0-16%
Gas Temp.  0-5000C Strip, 100 to +1595°F Digital

Qutlet

HC 0-500, 0-100 and 0-5000 ppm

CO (low) 0-500 ppm

CO (high) 0-3 and 0-6%

NOy 0-1000 and 0-2500 ppm

Gas Temp. 0-500°C Strip, -100 to +1595°F Digital



IV.  Number of Cylinders Required for "On-Engine" Evaluation

Converter Number Number of Cylinders

A193/0908
A220/0392
A220/0810
A221/0152
A221/0198
A221/0204
A221/0310
A221/0447
A230/0177X
A230/0636X
A240/0016L
A240/0102
A240/0141L
A240/0153
A240/0334L
A249/0169-1
A249/0169-2
A249/0169-3
A249/0486-1
A249/0486-2
A249/0486-3
A254/0031
A254/0037
A254/0191
A254/0275
A254/0001L
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V. Engine Displacement by Cylinders

Cylinders Used Engine size, liters (CID)
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L Converter Efficiency and Light-Off Times

Before testing each converter for converter efficiency and light-off
times, a whole converter x-ray radiograph was obtained. The radiographs
served three major purposes: 1) to determine internal structural damage from
overheating and external shock or impact, 2) shadowing due to the presence of
lead or other deposits, and 3) to assist in the opening of the container without
damaging the biscuits. In general, the radiographs did not provide a significant
amount of quantitative data. A negative image was obtained for each
radiograph, and there was less film exposure where the density of the material
was greatest. These negatives were transformed to positives for clarity, and
they are shown in Appendix A.

The converter efficiency data for hydrocarbons, carbon monoxide, and
oxides of nitrogen are summarized in Tables 3 through 5. The data for each
individual test are included as Appendix B. All converters were tested at
air/fuel ratios from 14.1 to 15.3 in 0.2 increments. Three-way only catalysts
were tested with no injected air, and three-way + Oy catalysts were tested with
the air injected to the oxidation catalyst. The injected air flow was set to
simulate a 10 percent dilution of the total exhaust flow.

After the converter efficiency tests were completed, each converter was
cooled by injecting air upstream of the converter with the exhaust bypassing
the converter. The exhaust concentration was then set to 2,0%0.1% CO and
5.0£0.1% Oy. The oxygen concentration was obtained in the exhaust by
injecting air. A specially-designed diverter valve was activated to switch the
exhaust flow to the converter. The light-off times were monitored for each
converter and are presented in Tables 6 through 8 The data for the individual
tests are presented in Appendix B.

Converter A240/0204 was tested with the flow going in the opposite
direction from the converter design (i.e., oxidation biscuit as inlet and air going
to 3-way biscuit). The error was not discovered until after the converter had
been cut open. For this reason, the converter could not be retested with the
proper flow. It should be noted that even with the incorrect direction of
exhaust flow, the percent reductions for hydrocarbons and carbon monoxide
were only slightly lower than similar converters, and the percent reduction for
the oxides of nitrogen was about half. The light-off times were longer than all
of the other converters except A240/0102 and A193/0908, which were both
determined to be overheated. The data are included in the summary table and
Appendix B, but the emission results cannot be used for correlation with the
"on-vehicle" emission tests.

II. Laboratory Analysis

The laboratory analysis of the catalyst samples consisted of whole
converter x-ray, BET surface area, x-ray fluorescence, PIXE, x-ray diffraction,
and SEM. The catalyst samples were examined as follows:

1. Only whole converters were examined by whole converter x-ray
radiographs.



TABLE 3. STEADY-STATE CONVERTER EFFICIENCY SUMMARY

HYDROCARBONS
Converter Percent Reduction at Nominal A/F Ratio

Number Make Type 14.1 4.3 14.5 147 149 5.1 15.3
A193/0908 Chrysler DCR2.2V2HAC3 36,6 39.2 47,1 88.8 89.4 88.9 8§89.l
A220/0392 GM D4G3.8V2NEA3 89.4 90.3 89.6 92.0 92.0 90.9 91.7
AZ220/0810 GM D4G3.8VZNEA3 87.4 87.5 87.1 90.0 88.4 87.5 85.7
A221/0152 Chrysler DCR2.2VZHAC3 68.2 87.2 89.2 91.2 91.7 9l.4 90.¢6
A221/0198 Chrysler DCR2.2V2HAC3 73.3 67.4%4 90.0 90.0 91.4 91.8 9i1.7
A221/0204* Chrysler DCR2.2V2HAC3 66.6 65.5 65.83 75.0 87.5 89.6 90.4
A221/0310 Chrysler DCR2.2V2HAC3 57.6 75.6 65.4 89.7 91.2 92.2 9l.1
A221/0447 Chrysler DCR2.2V2HAC3 90.3 90.7 91.2 91.2 90.8 91.7 92.3
A230/0177X GM D1G2.0V5XAl4 54.5 95.0 94.6 93.5 95.3 94.9 93.8
A230/0636X GM DI1G2.0V5XAJ4 47.0 93.8 92.6 94.4 95.6 94,7 93.8
A240/0016L Ford DFM!.6V2GDKé6 1.9 29.5 92.0 92.8 92.0 91.8 93.0
A240/0102 Ford DFM!1.6V2GDKé 27.6 27.1 25.4 24.5 32.0 36.1 42.%
A240/0141L Ford DFMIL.6V2GDKé 83.1 85.7 87.3 89.5 88.0 87.2 87.8
A240/0153 Ford DFMIL.6V2GDK6 77.6 86.6 87.9 89.1 90.0 83.6 88.9
A240/0334L Ford DFML.6Y2GDKé6 75.7 90.2 92.6 94.0 93.5 92.7 93.8
A249/0169-1 Chrysler DCRS5.2VZHAPS 51.8 89.0 91.% 90.9 90.0 89.6 83.7
A249/0169-2 Chrysler DCRS5.2V2HAPS 42.1 75.7 86.2 85.7 86.2 87.9 85.2
A249/0169-3 Chrysler DCRS5.2V2HAPS 63.6 76.2 86.5 91.2 90.6 88.9 89.l
A249/0486-1 Chrysler DCR5.2V2HAP9 51.0 71.8 81.3 82.8 84.8 83.9 382.1
A249/0486-2 Chrysler DCRJ5.2V2HAPY 44 .4 64,7 82.5 82.8 84.0 82.8 82.1
A249/0486-3 Chrysler DCRJ5.2V2ZHAPS 8.7 92.2 91.8 92.6 92.6 90.0 90.3
A254/0031 Toyota DTY2.4V5FBB2Z 95.2 80.5 94.9 97.1 97.0 96.0 96.2
A254/0037 Toyota DTYZ.4VSFBR2Z 46.2 94.0 96.5 97.4%4 95.7 94.9 94.8
A254/0191 Toyota DTY2.4V5FBB2 96.5 80.2 97.2 97.1 95.4 95.7 95.4
A254/0275 Toyota DTY2.4V5FBB2 73.7 98.7 95.8 96.1 97.0 95.0 55.2
A280/000[L Chrysler ECR2.2V2ZHACH 66.0 66.3 62.3 3838.0 88.4 90.6 90.3

*Tested with exhaust flow in opposite direction from converter design



TABLE 4. STEADY-STATE CONVERTER EFFICIENCY SUMMARY
CARBON MONOXIDE

Converter Percent Reduction at Nominal A/F Ratio

Number Make Type 14.1 14,3 145 14,7 14.9 15.1 15.3
A193/0908 Chrysler DCR2,2V2HAC3 3.3 37.4 44,1 98.0 98.8 99.4 99.6
A220/0392 GM D4G3.8V2NEA3 98.3 9%8.2 99.0 99.6 99.5 99.6 99.4
A220/0810 GM D4G3.8V2NEA3 94.3 98.2 99.0 98.8 99.5 99.6 99.5
A221/0152 Chrysler DCR2.2V2HAC3 81.3 94.8 98.2 98.6 99.4 99.5 99.4
A221/0198 Chrysler DCR2.2V2HAC3 8.6 83.6 9.1 93,3 98.6 938.2 99.4
A221/0204% Chrysler DCR2.2V2HAC3 84.1 82.9 84.6 90.5 96.2 99.0 98.9
A221/0310 Chrysler DCR2.2V2HAC3 82.8 92.2 88.5 96.9 98.7 96.7 98.2
A221/0447 Chrysler DCR2.2V2HAC3 95.0 98.4 98.9 99.7 99.6 99.5 99.4
A230/0177X GM DIG2.0V5XAJ4 51.3 96.1 99.6 99.3 99.4 99.4 99.3
A230/0636X GM DIG2.0V5XAJ4 44.2 99.0 99.5 99.5 99.5 99.3 99.3
A240/0016L Ford DFM1.6V2GDKé 94.3 99,4 99.6 99.5 99.4 99.4 99.3
A240/0102 Ford DFMI1.6V2GDK6 19.0 18.5 13.1 23.5 30.8 42.9 56.0
A240/0141L Ford DFM1.6V2GDK6 93.1 98.8 99.2 99.2 98.9 99.1 98.8
A240/0153 Ford DFM1.6V2GDKé6 91.4 98.8 98.7 99.2 99.2 99.3 99.5
A240/0334L Ford DFM1.6V2GDKé6 90.1 99.3 99.5 99.6 99.5 99.3 98.9
A249/0169-1 Chrysler DCR5.2V2HAP9 42.4 95,4 94,0 98.0 98.6 98.3 938.2
A249/0169-2 Chrysler DCRS5.2V2HAP9 29.3 58.0 87.6 85.4 92.2 95.0 98.9
A249/0169-3 Chrysler DCR5.2V2HAPY 76.2 81.0 9l.4 93.2 95.0 95.2 94.3
A249/0486-! Chrysler DCRJ5.2V2HAP9 42.5 62.1 79.5 93.9 94.0 97.3 96.7
A249/0486-2 Chrysler DCR5.2V2HAP9 44.3 57.7 91.8 93.7 96.6 93.8 94.7
A249/0486-3 Chrysler DCR5.2V2HAPY9 &.1 93.5 91.6 94.6 97.4 96.4 99.1
A254/0031 Toyota DTY2.4V5FBB2 89.4 55.6 86.7 99.8 99.7 99.7 99.6
A254/0037 Toyota DTY2.4V5FBB2 42.5 81.8 99.8 99.8 99.7 99.6 99.6
A254/0191 Toyota DTY2.4V5FBB2 87.9 57.1 99.8 99.8 99.7 99.7 99.7
A254/0275 Toyota DTY2.4V5FBB2 49.6 99.3 99.8 99.9 99.7 99.7 99.8
A280/0001IL Chrysler ECR2.2V2HAC#4 8.9 87.9 85.9 96.7 97.9 98.6 98.4

*Tested with exhaust flow in opposite direction from converter design



TABLE 5. STEADY-STATE CONVERTER EFFICIENCY SUMMARY
OXIDES OF NITROGEN

Converter Percent Reduction at Nominal A/F Ratio

Number Make Type 14.1 143 145 14.7 149 15.1 153
A193/0908 Chrysler DCR2.2V2HAC3 29.1 29.7 33.4 40.0 35.2 25.6 23.4
A220/0392 GM D4G3.8V2NEA3 57.4 63.8 56.6 38.8 36.1 35.9 34.0
A220/0810 GM D4G3.8V2NEA3 32.9 36.5 38.9 4l1.4t 33.4 26.1 28.0
A221/0152 Chrysler DCR2.2V2HAC3 41,2 64.3 53.0 34.5 25.4 16.7 14.0
A221/0198 Chrysler DCR2.2V2HAC3 28.2 22.9 55.8 57.6 33.9 33.4 25.5
A221/0204* Chrysler DCR2.2V2HAC3 13.5 13.3 14.4 19.3 23.4 20.4 15.9
A221/0310 Chrysler DCR2.2V2HAC3 19.8 37.7 37.6 37.5 31.0 35.9 25.0
A221/0447 Chrysler DCR2.2V2HAC3 43.9 34,1 22.0 16.0 13.3 13.3 12.7
A230/0177X GM D1G2.0V5XAJ4 78.8 92.9 57.1 23.3 4.5 13.2 14.8
A230/0636X GM D1G2.0V5XAJ4 78.1 98.5 60.5 33.4 16.8 12.9 15.0
A240/0016L Ford DFM!.6V2GDK6 73.6 85.7 77.9 51.0 33.9 28.2 29.0
A240/0102 Ford DFM!.6V2GDK6 24.3 23.2 22.9 22.6 22.1 21.7 20.4
A240/0141L Ford DFM1.6V2GDKs 62.0 68.4 50.0 30.3 28.7 22.1 20.0
A240/0153 Ford DFM1.6V2GDK6 65.0 60.2 73.1 46.8 34.5 25.6 22.1
A240/0334L Ford DFM1.6V2GDK6 88.1 88.5 57.4 35.5 29.3 22.8 19.6
A249/0169-1 Chrysler DCR5.2C2HAPY 91.0 69.8 43.6 18.5 11.1 11.5 8.3
A249/0169-2 Chrysler DCR5.2C2HAP9 89.4 89.5 76.8 39.7 25.8 18.9 11.7
A249/0169-3 Chrysler DCR5.2C2HAP9 45.4 69.0 58.0 38.2 27.0 20.9 17.9
A249/0486-1 Chrysler DCRS5.2C2HAPY 85.9 8.3 68.7 26.6 18.5 17.8 13.3
A249/0486-2 Chrysler DCRS5.2C2HAP9 83.3 84.6 41.6 25.4 21.9 19.5 13.8
A249/0486-3 Chrysler DCR5.2C2HAP9 82.9 74.4 77.5 64.4 45.3 33.4 27.6
A254/0031 Toyota DTY2.4V5FBB2 9.1 97.1 99.1 57.7 40.2 20.9 11.2
A254/0037 Toyota DTY2.4V5FBB2 92.0 99.1 44.8 60.2 41.0 19.2 10.2
A254/0191 Toyota DTY2.4V5FBB2 95.0 99.0 48.0 52.8 18.4 17.7 10.0
A254/0275 Toyota DTY2.4V5FBB2 97.4 87.4 57.9 26.1 39.3 14.6 14.4
A280/0001L Chrysler ECR2.2V2HAC4 20.4 19.3 17.9 33.2 24.6 20.2 18.2

*Tested with exhaust flow in opposite direction from converter design



TABLE 6. SUMMARY OF LIGHT-OFF TIMES FOR CONVERTER RESPONSE
HYDROCARBONS

Time to Reach %

% Reduction After

Converter Reduction, sec.

Number Make Type 20 S50 20
A193/0908 Chrysler DCR2.2V2HAC3 87 108 132
A220/0392 GM D4G3.8VZNEA3 36 47 68
A220/0810 GM D4G3.8V2NEA3 4] 56 338
A221/0152 Chrysler DCR2.2V2HAC3 84 % 131
A221/0198 Chrysler DCR2.2V2HAC3 71 86 121
A221/0204* Chrysler DCR2.2V2HAC3 8 113 182
A221/0310 Chrysler DCR2.2V2HAC3 68 80 96
A221/0447 Chrysler DCR2.2V2HAC3 25 38 63
A230/0177X GM DIG2.0V5XAJ4 20 24 42
A230/0636X GM DIG2.0V5XAJ4 16 28 43
A240/0016L Ford DFMI1.6V2GDKé 31 38 50
A240/0102 Ford DFMI1.6V2GDKé6 141 172 NA
A240/0141L Ford DFM1.6V2GDK&6 33 43 64
A240/0153 Ford DFM1.6V2GDKé 28 48 70
A240/0334L Ford DFM1.6V2GDK6 33 39 50
A249/0169-1 Chrysler DCR5.2V2HAP9 22 30 67
A249/0169-2 Chrysler DCR5.2V2HAP9 42 55 NA
A249/0169-3 Chrysler DCRS5.2V2HAP9 20 28 54
A249/0486-1 Chrysler DCR5.2V2HAPY 22 43 NA
A249/0486-2 Chrysler DCR5.2V2HAPS 28 46 128
A249/0486-3 Chrysler DCRS5.2V2HAPY 18 30 46
A254/0031 Toyota DTY2.4V5FBB2 27 32 45
A254/0037 Toyota DTY2.4V5FBB2 34 40 54
A254/0191 Toyota DTY2.4V5FBB2 27 34 48
A254/0275 Toyota DTY2.4V5FBB2 22 36 51
A280/0001L Chrysler ECR2.2V2HAC4 57 72 110

205 sec 600 sec
86.7 86.7
91.2 90.3
84.4 89.7
87.0 88.0
86.8 89.1
85.0 88.3
87.8 38.4
90.6 20.3
93.0 93.1
9l.1 9l.4
83.3 88.7
69.7 75.7
85.7 37.1
89.9 90.9
89.8 90.3
80.0 83.0
74.6 77 .3
88.1 389.0
62.5 73.0
81.1 83.0
93.3 92.0
94.3 95.4
93.5 94.7
94.8 94,7
95.5 96.2
89.6 89.1

*Tested with exhaust flow in opposite direction from converter design
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TABLE 7. SUMMARY OF LIGHT-OFF TIMES FOR CONVERTER RESPONSE
CARBON MONOXIDE

Time to Reach %

% Reduction After

Converter Reduction, sec.

Number Make Type 20 50 80
A193/0908 Chrysler DCR2.2V2HAC3 90 105 123
A220/0392 GM D4G3.8V2NEA3 34 42 58
A220/0810 GM D3G3.8V2NEA3 45 50 54
A221/0152 Chrysler DCR2.2V2HAC3 77 8 102
A221/0198 Chrysler DCR2,2V2HAC3 66 76 92
A221/0204% Chrysler DCR2.2V2HAC3 82 100 130
A221/0310 Chrysler DCR2.2V2HAC3 65 74 82
A221/ou47 Chrysler DCR2.2V2HAC3 20 29 42
A230/0177X GM D2G2.0V5XAJ4 16 20 28
A230/0636X GM D2G2.0V5XAJ4 26 32 38
A240/0016L Ford DFM1.6V2GDKé6 28 42 48
A240/0102 Ford DFMI1.6V2GDKé6 117 156 182
A240/0141L Ford DFM1.6V2GDK6 30 40 46
A240/0153 Ford DFM1.6V2GDKé 35 34 55
A240/0334L Ford DFM1.6V2GDKé6 35 40 48
A249/0169-1 Chrysler DCR5.2V2HAP9 20 25 35
A249/0169-2 Chrysler DCRS5.2V2HAPY 38 45 60
A249/0169-3 Chrysler DCR5.2V2HAP9 18 26 40
A249/0486-1 Chrysler DCRS5.2V2HAPY 22 30 47
A249/0486-2 Chrysler DCRS5.2V2HAPY 30 40 55
A249/0486-3 Chrysler DCRS5.2V2HAPY9 16 26 35
A254/0031 Toyota DTY2.4V5FBB2 25 30 39
A254/0037 Toyota DTY2.4V5FBB2 32 38 49
A254/0191 Toyota DTY2.4V5FBB2 29 34 48
A254/0275 Toyota DTY2.4V5FBB2 21 32 46
A280/0001L Chrysler ECR2.2V2HACH 57 78 93

205 sec 600 sec
99.0 99.0
99.8 99.9
99.9 99.9
99.0 99.5
99.7 99.9
99.0 99.5
99.5 99.6
99.6 99.5
99.9 99.9
99.9 99.9
99.9 29.9
94.5 98.6
99.8 100
99.8 99.9
99.8 99.9
96.5 96.5
94.9 94.3
99.6 99.3
9.4 9.4
95.4 96.0
99.8 99.9
99.9 99.9
99.9 99.9
99.9 99.9
99.9 99.9
98.5 99.0

*Tested with exhaust flow in opposite direction from converter design
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TABLE 8. SUMMARY OF LIGHT-OFF TIMES FOR CONVERTER RESPONSE
OXIDES OF NITROGEN

Converter
Number Make Type
A193/0908 Chrysler DCR2.2V2HAC3
A220/0392 GM D4G3.8V2ZNEA3
A220/0810 GM D4G3.8V2NEA3
A221/0152 Chrysler DCR2.2V2HAC3
A221/0198 Chrysler DCR2.2V2HAC3
A221/0204* Chrysler DCR2.2V2HAC3
A221/0310 Chrysler DCR2.2V2HAC3
A221/0447 Chrysler DCR2.2VZ2HAC3
A230/0177X GM D1G2.0V5XAJ4
A230/0636X GM DIG2.0V5XAJ4
A240/0016L Ford DFM1.6V2GDKé
A240/0102 Ford DFM1.6V2GDK6
A240/0141L Ford DFM1.6V2GDK6
A240/0153 Ford DFM1.6V2GDK6
A240/0334L Ford DFM1.6V2GDK6
A249/0169-1 Chrysler DCRJ5.2V2HAP9I
A249/0169-2 Chrysler DCR5.2V2HAP9Y
A249/0169-3 Chrysler DCRS5.2V2ZHAP9Y
A249/0486-1 Chrysler DCR5.2V2ZHAP9Y
A249/0486-2 Chrysler DCRJ5.2V2HAP9
A249/0486-3 Chrysler DCR5.2V2HAP9
A254/0031 Toyota DTY2.4V5FBB2
A254/0037 Toyota DTY2.4V5FBB2
A254/0191 Toyota DTY2.4V5FBB2
A254/0275 Toyota DTY2.4V5FBB2
A280/0001L Chrysler ECR2.2V2HACH

NA - Not Achieved
ND - Not Determined
*Tested with exhaust flow in opposite direction from converter design

Time to Reach %
Reduction, sec.

% Reduction After

205 sec

600 sec

2 30 80
NA NA NA
ND ND ND
NA NA NA
82 NA NA
60 NA NA
NA NA NA
70 NA NA
NA NA NA
18 NA NA
NA NA NA
24 NA NA
NA NA NA
26 NA NA
29 NA NA
40 NA NA
NA NA NA
35 NA NA
NA NA NA
26 NA NA
27 NA NA
NA NA NA
24 NA NA
30 NA NA
28 NA NA
30 NA NA
NA NA NA

O o
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2. The whole converters were weighed with and without any heat
shields, photographed, and then carefully cut to expose the catalyst
material. All catalyst samples were visually inspected, weighed,
and photographed. Photographs of the front face of each biscuit
were taken.

3. The sectioning procedure for monolith catalyst samples is shown in
Figure 1.

a. Each biscuit was cut in half along a row of cells from the front
face to the rear face.

b.  Two strips were then cut from the entire length of the center
of the biscuit. These samples were the bulk samples for x-ray
diffraction and surface area.

c. The two halves were then cut in half again to form quarters.
Opposite quarters were ground to 400 mesh to prepare samples
for x-ray fluorescence and PIXE.

d. From the upstream quarter, about one half inch of the entire
front face was removed. This sample was cut into small cubes
to prepare samples for x-ray diffraction, surface area, and
SEM. The remainder was ground to 400 mesh for PIXE.

e.  About one half inch of the entire rear face was removed from
the downstream quarter to prepare samples for surface area
and SEM. Small cubes were cut for each of these samples.
The remainder was ground to 400 mesh for PIXE.

f. A total of ten samples were taken from the upstream biscuit
and five from the downstream biscuit. The sample
identification code is presented in Table 9; and a detailed
description of the sample selection and preparation criteria is
shown in Table 10. Partial biscuits for laboratory analysis only
were treated in a similar manner.

For the purpose of identifying the converters analyzed in this program,
each converter was designated with the seven or eight digit EPA identification
code. In the event of a dual-converter vehicle (example A155/0941), the
converters were also identified -1 and -2 after the EPA identification code.
The upstream converter was labeled "-1," and the downstream converter "-2."
In the case of the A249 class converters, one of the three-way converters was
labeled "-1" and the other was labeled "-2." The downstream three-way + Ox
converter was labeled "-3." Once the converters were opened, the upstream
biscuit was labeled "A," and the downstream biscuit was labeled "B." The term
"biscuit" is used to refer to each individual piece of ceramic honeycomb
material in a converter.

The weights of the various samples were determined in several stages.
All of the whole converters were weighed whole (both with and without the heat
shield if present), and each biscuit was weighed after opening. All of the
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Section G, Rear Face
surface area, PIXE,

and SEM samples. \\“‘~.\\\\<.
(one half inch long) c

Section F, Bulk
Surface Area
Sample

Section E, Front Face
surface area, PIXE,
and SEM samples.

(one half inch long)

et B o

Section A, Bulk

X-ray Diffraction Sample
(runs length of catalyst
like surface area sample)

o

P
~

Section D, Front Face
X-ray Diffraction Sample
(one-half inch long)

Sections B and C are combined and ground to a powder for
elemental analysis

Figure 1. Sectioning Procedure for Monolith Catalyst Samples



TABLE 9.
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SUMMARY OF SAMPLE IDENTIFICATION CODE

Front Front Second
Substrate Substrate Substrate Monolith
Test Front Rear Front Bulk
Procedures? Face Face Face Sampleb
BET
Surface E G E F
Area
X-Ray
Diffraction
(conversion D A
of gamma- to
alpha-alumina)
Proton Induced
X-Ray Emission H I C
(total noble
metal and
poison con-
centrations)
Scanning Electron
Microscopy, E G

Dot-Mapping, and

the SEM-EDX Spectrum

X-Ray Fluorescence

3L etters indicate sample identification for analysis from Figure 1.

bOne bulk sample sh

all be taken from each biscuit in each can.



TABLE 10. DETAILED SAMPLE SELECTION AND PREPARATION CRITERIA FOR VARIOUS
ANALYTICAL PROCEDURES

Number of Sample

Front Rear
Section® SampleP Biscuit Biscuit Location Type Size Analysis
A A 1 1 Bulk whole length (strip)  1/4"x1/4"x length  X-ray Diffraction
B&C C 2 2 Bulk ground to 400 mesh 10 g PIXE and XRF
D D 1 0 Front Face cube L/a"x1/4"x1 /2" X-ray Diffraction
E E 2 1 Front Face cube LH/u"xl/4vx1/2v Surface Area & SEM
F F t 1 Bulk whole tength (strip)  1/4"x1/4"x length  Surface Area
G G 2¢ 0 Rear Face cube /e x4 x1{2" Surface Area & SEM
E H 1 0 Front Face ground to 400 mesh  entire front 1/2" PIXE
G I 1 0 Rear Face ground to 400 mesh  entire rear /2" PIXE

aSection reters to section on Figure |

bSample letters indicate sample identification for analysis
CSample to be conducted on selected samples (A218/0045X, A220/0392, A221/0447,
A230/0177X, A240/0016L, and A249/0169-1)

¢l
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partial samples were weighed, but these weights are only a determination of the
amount of sample received. In order to do additional calculations on these
converters, the weights of the biscuits before the samples were taken must be
known or estimated. All of the weights are presented in Table 11.

The specific surface areas of the whole length for each biscuit were
measured with a Micromeritics Flowsorb II dynamic surface area analyzer using
the multipoint analysis technique. This analysis was conducted "in-house"
during this Work Assignment. The advantages for "in-house" analysis include a
stricter control of the analytical procedures, ease of repeating questionable
samples, and assurance that the analysis is performed on a sample that
represents the entire length of the biscuit. Losses in surface area are due to
thermal degradation and/or plugging of the sub-microscopic pores with metals
and other deposits. A loss in the active surface area results in the reduction of
contact between exhaust gases and the catalyst material. A low surface area
generally indicates converter overheating. Conversely, a normal surface area
does not necessarily indicate a normal catalyst, because the deposits can
increase the apparent surface area while covering the surface and preventing
contact with the exhaust gases. The specific surface areas are presented in
Table 12. The plots for the BET equation versus the relative pressure for each
converter are included in Appendix C.

X-ray diffraction analysis of the samples was used to determine the
crystal structure of the alumina. Gamma-alumina and several other very
similar alumina structures are the original crystal structures used in the
alumina washcoat. When a catalyst containing these types of alumina is
overheated (temperatures greater than 1000°C), the crystal structure changes
to the alpha-alumina form. This conversion in crystal structure can trap the
active metals and change the active surface area of the catalyst. The Debye-
Scherrer powder x-ray diffraction technique was used to determine the alumina
crystal structure, This technique is well suited for the analysis of monolith
catalysts because of the small quantities of sample required. In the case of
monolith catalysts, the alumina is deposited as a thin wash-coat on the surface
of the ceramic substrate. The alumina can be scraped off carefully and
analyzed. The x-rays are diffracted by the various crystalline compounds
within the sample. Each crystalline compound has a characteristic diffraction
pattern. Amorphous compounds do not result in a diffraction pattern. These
patterns are compared to known compounds in a Powder Data File for
identification. Table 13 lists the alumina crystal structure of each sample and
any other crystalline compounds observed in the samples.

A section of the front face portion of each converter was examined with
an SEM at 500X, 2500X, and 5000X magnification. A spectrum was recorded at
2500X. The surface concentrations of silicon, phosphorous, sulfur, lead,
calcium, and manganese were normalized to aluminum and presented in Table
14, At 5000X magnification, dot maps of aluminum, silicon, phosphorous,
sulfur, zinc and lead were taken and included in Appendix D with individual
spectra. In the cases where the concentration of the element was less than
twice the background, no dot map was taken.

One sample from the rear face of a representative catalyst for six of the
engine families was taken for comparison purposes with the SEM and dot
mapping. The specific catalyst was selected on the basis of three criteria:



TABLE 11. CONVERTER WEIGHTS

Whole Converters, lbs
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Converter With Heat Without Biscuit Weights, g
Number Shield Heat Shield Upstream {A) Downstream (B)

A160/0656-1 - - 528.6b -
A180/0094 - - NDa --
A193/0908 -— 9.41 1074.2 427.8
A214/0681-A - - 373.8b --
A218/0045 - -= 388.0 -
A218/0045X - - 405.1 -
A218/0068 - - 370.0 -
A220/0392 11.42 10.38 923.0 608.1
A220/0810 11.85 10.86 901.7 628.3
A221/0152 9.96 9.50 1071.5 452.6
A221/0198 - 9.65
A221/0204 - 9.70 1143.7 480.9
A221/0310 - 9.53
A221/0447 - 9.68 1095.0 472.7
A230/0177X - 9.47 801.2 655.6
A230/0636X 11.37 9.53 799.5 648.3
A240/0016L - 8.20 353.9 512.9
A240/0102 - 8.27 393.5 537.2
A240/0141L 9.71 3.13 392.1 504.6
A240/0153 - 8.26 423.0 550.8
A240/0334L 9.78 8.23 399.8 580.5
A249/0169-1 - 6.57 804.6 -
A249/0169-2 - 7.14 832.0 -
A249/0169-3 - 12,41 740.9 1366.3
A249/0486-1 - 6.60
A249/0486-2 - 6.78
A249/0486-3 - 12.59
A254/0031 - 12.82
A254/0037 - 9.65
A254/0191 - 11.58
A254/0275 - 9.66
A280/0001L 9.6% 9.21 1120.5 443.1
Al155/0941-1 11.00¢ 10.52¢ ND ND
A155/0941-2 7.19¢ 5.71¢€ ND ND
A207/0101 11.69¢€ 11.09¢ ND ND
dNo Data

Partial sample, total biscuit weight not available

CConverter weights obtained in Work Assignment 31, Contract 68-03-3162



TABLE 12. CATALYST SPECIFIC SURFACE AREA

Specific, mZ/g

Front Rear

Face Face Bulk Total for
Biscuit Number (E) (G) (F) Bulk Sample, m?2
A180/0094 19.4 18.8 22.3 ND2
A193/0908-A 11.2 8.8 2.7 2,900
A193/0908-B 5.1 -- 3.4 1,500
A218/0046 14.0 17.3 16.7 ND
A218/0045X 12.7 18.0 16.8 ND
A218/0068 13.7 18.2 18.3 ND
A220/0392-A 16.8 19.4 17.3 16,000
A220/0392-B 12.2 - 14.5 8,800
A220/0810-A 13.9 11.2 4.7 4,200
A220/0810-B 13.5 - 9.4 5,900
A221/0152-A 9.3 12.2 10.4 11,100
A221/0152-B 12.1 -- 8.6 3,900
A221/0204-A 5.4 11.2 3.0 3,400
A221/0204-B 8.2 - 6.3 3,000
A221/0447-A 12.9 10.0 4.8 5,300
A221/0447-B 9.6 - 8.0 3,800
A230/0177X-A 14.8 17.1 21.4 17,100
A230/0177X-B 18.6 -- 14.3 9,400
A230/0636X-A 12.7 13.2 10.6 8,500
A230/0636X-B 13.7 - 11.2 7,300
A240/0016L-A 21.5 21.5 22.8 8,100
A240/0016L-B 17.5 -- 17.4 8,900
A240/0102-A 8.3 2.7 1.8 700
A240/0102-B 12.8 -- 2.4 1,300
A240/0141L-A 17.8 20.0 18.7 7,300
A240/0141L-B 12.3 -- 9.7 4,900
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TABLE 12 (CONT'D). CATALYST SPECIFIC SURFACE AREA

Specific, m2/g

Front Rear

Face Face Bulk Total for
Biscuit Number (E) (G) (F) Bulk Sample, m2
A240/0153-A 26.6 8.4 20.1 8,600
A240/0153-B 13.7 -- 13.6 7,500
A240/0334L-A 22.9 19.4 19.9 8,000
A240/0334L-B 18.8 -- 8.6 5,000
A249/0169-1 7.8 10.2 6.8 5,500
A249/0169-2 13.4 2.9 2.2 1,800
A249/0169-3-A 7.9 6.6 4.8 3,600
A249/0169-3-B 3.8 -- 1.5 2,000
A280/0001L-A 7.5 9.2 5.1 5,700
A280/0001L-B 18.8 -- 7.0 3,100
A155/0941-1-A 7.6 6.0 3.6 4,500b
A155/0941-1-B 2.8 - 6.9 4,100b
A155/0941-2-A 4.4 6.5 3.1 1,500b
A155/0941-2-B 7.3 -- .1 2,100b
A207/0101-A 5.2 9.4 6.2 3,900¢
A207/0101-B 7.8 - 2.7 2,000€
A207/0101-C 11.0 -- 2.1 1,300¢

3Partial biscuit, no total weight available
bTotal surface area based on biscuit weights of converter A155/0926.
CTotal surface area based on biscuit weights of converter average

of A207/0025 and A207/0054.



Biscuit Number

TABLE 13. ALUMINA CRYSTAL STRUCTURE

Alumina Crystal Structure

Bulk Sample

Front Face

A180/0094

A193{0908-A
A193/0908-B

A218/0045

A218/0045X

A218/0068

A220/0392-A

A220/0392-B

A220/0810-A

A220/0810-B
A221/0152-A
A221/0152-B
A221/0204-A

A221/0204-B

mostly Y/8 alumina and/or spinel cubic Ni or
MgAl;0y with possible NiO

mixture of & and € alumina with CeQ,
mostly a alumina

mostly Y /6 alumina and/or spinel cubic Ni or

MgAl;Oy with possible NiO

mostly Y/8 alumina and/or spinel cubic Ni or
MgAl,Oy with possible NIiO

mostly Y/6 alumina and/or spinel cubic Ni or
MgAIl;0y4 with possible NiO

mostly Y/0 alumina and/or spinel cubic Ni or
MgA150, with NIO and CeO5 or ZnS
mostly Y/8 alumina

mostly @ alumina with spinel cubic Ni or MgAl;0y

mostly Y/6 alumina

mostly 8 alumina with CeO;

mostly & alumina

mostly © alumina with some a and CeO,

mostly € alumina with possible unknown phosphate

mostly Y /6 alumina and/or spinel cubic Ni or MgAl20y,
with (Al, Fe)(PQ3)3, and possible AlPOy
and other Fe or Zn phosphates

no alumina detected, mostly AIPO, and possible CeO5

mostly Y/ alumina and/or spinel cubic Ni or MgAl0y
with (Al, Fe)l(PO3)4, and possible AIPOy
and other Fe phosphates

mostly Y/8 alumina and/or spinel cubic Ni or MgAl30,
with (Al, Fe)(PO3)3, and possible AIPOy
and other Fe phosphates

mostly Y /@ alumina and/or spinel cubic Ni or MgAl0y
with (Al, Fe)(PO3)3, and possible AIPOy
and other Fe phosphates and NiO

mostly Y /6 alumina with traces of CeO2 or ZnS and
AlPOy

mostly Y /6 alumina with trace of a, NiO, AIPO, and
other possible phosphates

mostly 8 alumina with possible CeQ7 and AIPOy
N
(@)

mostly 8 alumina with CeO; and possible AIPOy



Biscuit Number

TABLE 13 (CONT'D). ALUMINA CRYSTAL STRUCTURE

Alumina Crystal Structure

Bulk Sample

Front Face

A240/0334L-A

A240/0334L-B
A249/0169-1

A249/0169-2

A249/0169-3-A
A249/0169-3-B

A280/0001L-A

A280/0016L-B
A155/0941-1-A
AL55/0941-1-B

A155/0941-2-A

A155/0941-2-B
A207/0101-A
A207/0101-B

A207/0101-C

mostly Y alumina and/or spine! cubic Ni or MgAl;0y
with NiO and CeQ;

mostly & with some € alumina and CeO>
mostly 8 alumina

mostly 8 alumina and possible CeO5

mostly Y alumina with CeO»
mostly a alumina with trace of ¥/ alumina

mostly 8 alumina with CeO7 and possible Spinel
MgAl,Oy

mostly Y/6 alumina with possible Spinel MgAl,Oy,
mostly Y/8 alumina with CeO>
mostly Y/6 alumina

mostly Y/8 alumina

mostly Y/ alumina
mostly Y/6 alumina with AIPO4 and CeO»
mostly Y/8 alumina

mostly Y/8 alumina with possible CeO,

mostly Y alumina NiO and possible CeO3, Ni or
MgAIlOy and AIPOy,

mostly 8 alumina with AIPOy4 and possible CeO;

mostly 8 alumina with CeO7 and possible unknown
phosphates

mostly Y alumina with CeO7 and PbSOy

mostly Y/@ alumina with CeO; and possible AIPOy or
other unknown phosphates

mostly Y/8 alumina with AIPOy and CeO;

mostly Y/8 alumina with FepO3 and possible FePOy
and AIPOy

mostly Y/8 alumina with CeO5

1z



Bistuit Number

TABLE 13 (CONT'D). ALUMINA CRYSTAL STRUCTURE

Alumina Crystal Structure

Bulk Sample

Front Face

A221/0447-A
A221/0447-B
A230/0177X-A
A230/0177X-B
A230/0636 X-A
A230/0636X-B

A240/0016L-A

A240/0016L-B

A240/0102-A

A240/0102-B

A240/0141L-A

A240/0141L-B

A240/0153-A

A240/0153-B

mostly 6 alumina with CeO;

mostly 8 alumina with possible PbSOy,
mostly Y /6 alumina with CeO7 or Zn$
mostly ¥ /8 alumina with CeO,
mostly Y /8 alumina with AIPOy
mostly ¥ /8 alumina with CeO;

mostly Y alumina with NiO and possible CeO2 or ZnS
and spinel cubic Ni or MgAl,04

mostly Y alumina with CeO; or ZnS and possible Ni
or MgAl,0y

mostly a alumina and trace of Y/8 alumina with
Mullite (AlgSi20)3), NiO, AIPOy spinel cubic Ni or
or MgAl>0y and possible CeO3 or ZnS

mostly a alumina with Mullite (Al¢S5120] 3), Spinel
{(MgAl20y), and possible CeO3 or ZnS

mostly Y/6 alumina with NiO and possible spinel
cubic Ni or Mg Al>0y and CeO5 or ZnS

mostly Y/8 alumina with CeO>

mostly Y alumina and/or spinel cubic Ni or MgA 1,0y

with NiO and CeO7 or ZnS and possible trace of AIPOy

mostly Y alumina and possible trace of AIPOy

mostly 8 alumina with CeOj

mostly Y/6 alumina with AIPO,

mostly Y/ alumina with AIPOy,

mostly Y alumina with possible CeO» and AIPOy or
other unknown phosphates

trace of Y/8 alumina with spinel cubic Ni or Mg
AlyOy, NiO, AIPOy and possible trace of CeO;

mostly Y /0 alumina with NiO

mostly Y alumina and CeO5

ZZ



TABLE 14. SURFACE ATOMIC RATIO OF ELEMENTS NORMALIZED

TO ALUMINUM

Normalized Atomic Ratios

23

Sample Number p S Ca Mn Pb Si

A180/0094 17.40 0.21 3.61 1.24 82.64 0.25
A193/0908 3.09 2.80 0.54 0.36 1.55 2.84
A218/0045 15.06 2.04 4,08 0.91 42.56 2.26
A218/0045X 11.44 15.65 2.48 0.75 34,38 10.17
A218/0045X* 0.20 0.01 0.04 -- 0.09 0.02
A218/0068 49.54 2.89 11.04 1.23 155.73 3.42
A220/0392 3.34 2.09 0.77 0.08 5.17 2.23
A220/0392* 0.12 0.02 0.0l -- 0.03 0.02
A220/0810 11.45 0.68 2.95 0.10 8.15 0.80
A221/0152 10.90 24.96 2.58 5.20 19.51 24.36
A221/0204 12.64 1.55 2.41 0.24 14.88 1.94
A221/0447 2.08 3.0!1 0.28 0.12 13.07 3.22
A221/0447* 0.03 0.04 0.003 -- 0.02 0.06
A230/0177X | 0.56 0.37 0.09 0.05 0.27 0.42
A230/0177X* 0.05 0.03 0.01 -- 0.02 0.05
A230/0636X 1.68 0.23 0.23 0.08 3.09 0.27
A240/0016L 2.40 0.61 0.35 -- 8.58 0.72
A240/0016L* 0.45 1.00 0.04 -- 0.87 0.12
A240/0102 3.47 1.20 1.01 0.08 3.42 1.33
A240/0141L 6.12 37.62 0.85 4.03 6.20 30.63
A240/0152 1.71 0.10 0.13 0.27 1.15 0.11
A240/0334L 0.74 0.41 0.03 0.03 1.46 0.45
A249/0169-1 1.48 0.58 0.08 0.05 1.08 0.54
A249/0169-1* 0.05 0.0l 0.0l -- 0.04 0.02
A249/0169-2 1.76 4.04 0.10 0.12 1.83 3.56
A249/0169-3 1.29 0.41 0.87 -- 14.60 0.56
A280/0001L 9.04 2.19 2,27 1.68 3.60 2.49
A155/0941-1 2.64 0.60 0.67 0.51 0.70 0.64
A155/0941-2 0.72 0.52 0.21 0.07 2.26 0.62
A207/0101 0.35 0.07 0.0l 0.07 0.03 0.08

*Rear Face of A biscuit for comparison within each engine family
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1.  condition of the converter as observed with the whole converter
x-ray
2.  visual integrity of the biscuits upon removal from the container

(i.e., no melting, plugging, or excess discoloration)
3.  results of the converter efficiency and light-off times

These criteria were used because the results from the surface area, PIXE, x-ray
fluorescence, and x-ray diffraction were not available before the samples had
to be submitted for SEM analysis. The best samples for each of the six engine
families selected on the basis of these criteria were:

A218/0045X A220/0392 A221/0447
A230/0177X A240/0016L A249/0169-1

The six rear face samples were submitted for SEM at three magnifications
(500X, 2500X, 5000X), normalized surface concentrations for Si, P, S, Pb, Ca,
and Mn, and dot mapping at 5000X. These data are also included in Table 14
and Appendix D.

Proton induced x-ray emission (PIXE) was used to determine the
concentrations of noble metals and the accumulation of poisons. The elements
of concern were phosphorus (P), sulfur (S), calcium (Ca), manganese (Mn), zinc
(Zn), lead (Pb), platinum (Pt), palladium (Pd), rhodium (Rh), and nickel (Ni). The
elements P, S, Ca, Mn, Zn, and Pb are poisons or contaminants. They are
derived from engine wear, dirt deposits, oil, fuel, and other sources. The noble
metals are Pt, Pd, and Rh, and they perform the function of "cleaning up" the
exhaust. Nickel was found in some converters, and is reportedly present to
enhance the catalytic activity. Aluminum and silicon are major constituents of
the support material and were not quantitatively determined. The weight
percentages of each element are included in Table 15. Where the concentration
of an element was at the detection limit of the analytical procedure, the word
"trace" was used, and an asterisk (*) was used to identify those elements with
concentrations below the detection limit.

In addition to PIXE, a sample from the bulk of each biscuit was analyzed
by x-ray fluorescence. This technique uses x-rays as the incident radiation
rather than protons to cause the characteristic x-rays to fluoresce for each
element. This was the technique used in all previous work assignments. This
analysis was included as a means of comparing the two analytical techniques
and as a comparison to previous work assignments. The correlation between the
two procedures will be discussed in a subsequent section. The data are
summarized in Table 16 and the individual results are included in Appendix E.

M. Oxygen Sensor Evaluation

In addition to catalyst evaluation, oxygen sensors were also examined in
this work assignment. A total of 12 oxygen sensors were evaluated in this
program (& "on-engine" and & partial tips plus one reference for laboratory
analysis). A list of oxygen sensors evaluated is presented in Table 17, and a list
of evaluations and test parameters is included in Table 18. All "on-engine"
tests were compared to a new Ford sensor, which served as a reference.



TABLE 15. ELEMENTAL ANALYSIS OF NOBLE METALS AND POISONS BY PIXE

Blacuic Sample Welght Perceant
HNusher Locat Lon P 5 La i Hi In Eh Pd Pr Ph Jcthera
2180/ 0094 Bulk 0,5450,0] " 0. 110,01 0.02i0.902  T.56K0.B8 0, L710.003 D, 13:0,01 trace 0. 59=0.01 0.55620.01 Hg, 4l, 5L, K, Ti, Fe, Ce
Front Face 2.2430.05 * 0,210,010 0.0440,002 4,330,004 0.61=0.01 a,07+0.01 * 0. 0,01 1.82:40.02 Mg, al, 51, K, TL, Fe, Ce
Rear Face 0.07£0.02 Q.13:0.01 0.10:0.91 0Q.D10.00F  &.59¢0.04 R.0%:0.000L 4. W0kl Lrace 0. 37=0.01 0.0720.001 Ha, bg, &l, 2L, L1, &, Ti, Fe, Ce
AL93/0908-A Bulk 1.5610,05 0.15:0,02 0©,20:0,01 0.03:0.001 0,02+0.0004 0.27:0.003  0.03%0.003 * 0.2430.003 0.16:0.002 Hg, Al, 51, K, TL, Fe, Ce
Front Face 3.7410,07 * 0.30t0.01 0.09+0.002 0.02:0,001 0.82:0.01 0.0210.003 * 0.18:0.003 0.6510.01 Mg, al, 51, K, TL, Fe, Ce
Rear Face 0.39£0,03 0,19:0,02Z 0.1%:0.01 0.01£0,001 0,02:0.005 0.L17:0.002  ©0.0210,003 * 0.2220.003  0.04:0.001  Ra, Mg, Al, S1, K, Ti, Fe, Ce
AL93/0908-B Bullk 0,19:0.02 0.19:0.02 0,150,001 ©.01¢0.0003 0,01+0.0001 ©.15:0.001 * 0.38:0.01 0.0120.0004 0.17:0.002 Ha, Mg, Al, Si, X, Ti, Fe, Ce
A215/0045 Bulk 0.30£0,03 0,2310,02 0.10£0.01 trace 6.0410,06 0.08:0.002  0.1120,01 trace 0.450,01 0.17:0.01 Na, Mg, AL, SI, K, T1, Fe, Ce
Front Face 2.10:0,06 * 0,2540.01 0.02:G.002  3,66:0.04 0.6710.01 0.0610.01 * 0.28:0.01 1.23:0.02 Mg, Al, 51, K, TL, Fe, Ce
Rear Face 0.15£0.03 0.18:0.02 0.13:0.01 O0,01:(.001 &4.6110.05 0.0810.02 0.07£0.01 trace 0.3410.01 0.1040.003 Ha, Mg, Al, Si, K, Ti, Fe, Ce
A218/0045% Bulk 0.63:0,04 n 0.080.01 trace 5,0710.05 0.10:0.002  0.09£0.01 * 0.4110.01 0.3310.01 Ka, Mg, Al, Si, X, Ti, Fe, Ce
Front Face 2.9210.07 * 0,27:0.01 0.02:t0.002 3,53:0.04 1.02:0.01 0.07+0.01 b G.2910.01 2,3210.03 Mg, Al, 51, K, T1, Fe, Ce
Rear Face 0.25+0.04 0,17t(,02 0,12:0.01 trace 3,15+0,03 0.07:0.000 0,07:0.01 * 0.25:0.004 0.10:0.002Z Ha, Mg, Al, Si, &, Ti, Fe, Ce
AZ18/0068 Bulk 0.48t0,03 * 0,11:0.01 0.01:0.002 5.53+0.07 0.19+0.003  0,0810.01 * 0.5120.01 0.68:0.01 Mg, al, 51, K, 11, Fe, Ce
Front Face 1.3J820,04 & 0,17:0,01 ©O.01:¢.00k  Z,30:0,02 0.4510.01 0.03:0,01 trace G.18:0,003 1,37t0.02 Hg, AL, i, Kk, Tl, Fe, Ce
Rear Face 0.18:0.02 0.24:0,02 0,07:0.01 trace 4,750.05 0.05:0.001  0,07:0,01 trace 0.38:0.01 0.1120,003 Na, Mg, Al, S1, K, Ti, Fe, Ce
A220/0392-A Bulk 1.4040.05 0.60:0.03 0.1010.01 L] 9.1410.05 0.19:90.003  0.,04%0,01 0,12%0,01 0.1020,003 0.22:0.01 Mg, 41, 51, K, Ti, Fe, Ba, Ce
Front Face 2,92:0.07 0.45:0,03 0.2010.01 0.024D,0602 1,97%0.04 0,60¢0.0% 0.0310.01 0.09:0.01 0.0720,004 0.6420.01 Mg, Al, 5L, K, Ti, Fe, Ba, Ce
Rear Face  0,2110.03 0,72:0.03 0.0410.01 . 4,2720.04 0,0440.001  0.04:0.01 0,1010.01 0.10:0.003 0.04¢0.002 HNa, Mg, Al, Si, K, T1, Fe, Ba, Ce
#220/0392-8 Bulk U.12:0.79 0.79:0,03 0.1010,01 * 0,0210.003 0.08:0.001 * 0.15t0,004 0.39:0.006 0.05:0.001 Mg, Al, 51, K, Ti, Fe, Ce
AZ20/0810-A Bulk 2,60:0.06 0.46:0.02 0.25:0.01 0.01:03.002  3.93:0.04 0.61:3.01 0.05423,01  0.12:0.0! 0.1010.004  £.318:0.01 Mg, al, 51, K, Tl, Fe, Ba, Ce
Front Face 4. 77+0.09% " 0.6120.02 0.0220,002  3.9410.04 2.15t0.02 trace 0.08£0. UL 0.0810,004 1.25:0.02 Hg, 4l, 51, K, T1, Fe, Ba, Ce
Rear Face 0.68:0,04 0,9320.03 0,2%:0.01 = 4,42+0,05 0.4510.01 0.03%0,01 0.11:0,01 0.1120,006 0.13:0.004 Mg, Al, 51, K, Ti, Fe, Ba, Ce
A220/0810-8 Bulk 0.59:0.04 ©.9920.03 0.2120.01 0.01:0.0003 0.01+0,0002 0.20:0.002 » 0.12:¢0.006 0.3210.003 ©0.14:0.002 Mg, Al, 51, K, Ti, Fe, Ce
A221/0152-4 Bulk 1.8520.05 * 0.1710.00 0.14:0.002 0.0120.001 0.42:0.004 0.04%0.01 * 0.3420.01 0.52:0.01 Mg, Al, 51, K, Ti, Fe, Ce
Front Face 3.33:0.06 * 0.28:0.08 0,28:0,003 0.02:0,001 1.07:0.01 0,02:0.004 * 0.19£0.003 1.13:0.01 Mg, Al, 51, K, T, Fe, Ce
Rear Face 0.35:0,03 0,2920.02 0.12¢0.08 0,03:0.001 0.01:0.003 0.12:0.001 0.03:0.001] * 0.30%0.004  0.1630,002 Mg, Al, 51, X, TL, Fe, Ce
A221/0152-8 Bulk 0.1610.02 0.25t0,02 0.15:0,01 ©,0420,001 " 0.14:0,001 * 0.39:0.01 0.0L:0.0004 0.32:0.003 Mg, Al, 51, K, Ti, Fe, Ce

se



TABLE 15 (CONT'D). ELEMENTAL ANALYSIS OF NOBLE METALS AND POISONS BY PIXE

Biseult Sample Weight Percent
NumheT location P S Ca Mn Ni in Rh Pd |44 Fb
4221/0204=-A Bulk 3.3410,08 * 0.40:0.01 (0.0120.001 ©0.0130.0004 1.1510.01 0.01£0.003 * 0.2120.003  0.33:0.004
Front Face 5.23t0,09 0,03t0.01 0.7610.02 0,010,002 0.02:0.001 3.1120.03 0.0120.004 * 0.1610,004 0,92:0.01
Rear Face 0,70¢0.06 0.1410.02 0.17:0.01 * 0,01:0,0002 0.2110.002 0,02¢0.003 * 0.20:0.002  0.06:0.002
A221/0204-B Bulk 0,8320.04 0.43:0.0Z 0.40:0.0f 0.01:0.003 0,01:0.0002 0.6620.01 * 0.56:0.01 0.04:0,001  0.38:0.004
A221/0447-4 Bulk $.910,04 * 0.1318.01 0,01£0.001  ©0,0110.0003 ©.1310.002 ©.DL2D.0D% * 0.3510,004  9,.6310.01
Front Face 2,3740,u5 * 0.1740,01 0.03£0,001 0.01%0.0005 0.5320,01 0.02:0,004 * 0.21#0.003  2,10+0.02
Rear Face 0.17¢0,03 0.36:0.02 0.0920.01 * * 0.09£0.001 ©0.02:0.003 0.26%0,003 ©,19:0,003
4221/0047-8 Bulk 0.08+£0.02 0.29:0.02 0.11:0.01 0.0110.0003 * 0.0810.001 * 0.50£0.01 0.01£0.0005 ©.63t0,01
A230/0177X-&  Bulk 1.10£0,0% ©,28:0,02 0,1020.0! 0,04%0.002 0,01:0,001 0.2130,003 0.0310.01 0.18:0.01 0.30£0,01 0.32:0.01
Front Face 2.10%0.00 * 0.29:0.01 0.08:0.002 ©.03:0.0D1 0.85:0.01 trace 0.10£0.01 0.2410,004  0.81:0.01
Rear Face 0,0910,02 0,1320.02 0,08:0.01L 0.01:0.001 0.01:0.0004 0,04:0.001 0.03:0.004 0.11:0.01 0.2410.003  0.05:0.001
A210/01L77X-8  Bulk * 0,27£0.01 0.06%0,01 0,010,001l 0,D110.0006 0.0520,001 0.04:0.005 0.15:0.01 0.3140.004  0.05:0.002
A230/0636%X-A  Bulk 0,9210.04 * 0,120,001 0,010,001 ©,0220,000 G.22:0,002 0.04%0.001 0,13z0,01 0.30:0,004 0,4810.01
Front Face 2.72%0.05 * 0,3220.01 0.040,002 (0.04:0,00F 0,72:0.01 0.02£0,004 0.10£0,01 0.2320,004  1.15#0.01
Rear Face 0,1120.02 0.07:t0,01 0.06%£0,01 0.0::0.001 0.0110.0005 0.04:0,001 0,0310,01 0,10:0,01 0.2110,003 0,06+D,002
A230/0636K-2  Bulk 0.07:0,02 0.29:0.01 0.0620.01 0.01%0.001 ©0.U1%0,0004 O0.0710.00L 0.05:0,005 0.20:0,01 0.32:0.004  0.08:0.002
A240/0016L-4  Bulk 0,67¢0,04 0.48:0.02 0,07%0.01 . 7.09:0,07 0.1740.002 0.04:D.01 trace 0.20:0.004 0.7120.01
Front Face 1,1110.05 * 0.10%0.01 » 6.1810.05 0.3340.004 0.03%D.01 A 0.1720.004 1.2210.02
Rear Face 0.43%t0,03 0,4110.02 0.07:0.01 L) 6.92¢0.07 0.10:9.002 0.04:0,01 trace 0.1840,004  0.491D.01
A240/0016L~B  Bulk 0.2130.03 0.73:0,03 D0.1320.01 trace 0.13:0.001 0.1420.001 trace 0.12:0.01 0.1710.002  0.40£0.004
A240/0102-A Bulk 2.74t0,06 0.17¢0.02 0.16:0.01 0,02:¢0.001 4.62:0.05 0.0640.01 0.0710.02 0.06%0.02 0.14$0,004  0,3010.01
Front Pace 3.1110,06 * 1.74%0.01 0.02:0.001 4.640.05 0.6120,01 trace trace 0.13:0.004 0,32:0.01
Rear Face 1,03tD.04 0,13#0.01 0.10:0.01 0.01+0.001 3,71:0.04 £0.1510.002 0.03t0.61 0.02t0.005 0.1140.002 0.0810.003
A240/0L02-B Bulk 0.70:0.v4 0.2310.02 0,20:0.0L 0,0110.0ul ©0.03:0.001 0.36:0.003 * ¢.10:0.005 0,1420,002 0.14:0.002
A240/0141L-A  Bulk 0.4520,03 D0.21t0.02 0.0620,01 0.07:0.002 6.35:0.06 0.1120.002 0.05:0,02 0.07:0,02 0.19:0.004 0,1720.01
Front Face 0,81:0,03 * 0.08:0.01 0,10:0.002 4, 33:0.04 0.2020,002 trace trace 0.12¢0.003  0.2810.01
Rear Face  0,2220,02 0,24%0.02 0.04%0,.01 0.02¢0.002 6.06:0.06 0.0310.001 0.04:0.01 0.03:0.01 0.17:0,004  0.17:0.003
A240/0141L-B  Bulk 0.26420.01 0,3910.03 0,0510.01 0.03:0.001 0.02:0.0005 0.05:0,001 * 0.10%0.01 0.1510.002  0.06:0.001
A240/0153-A Bulk 1.50£0.04 0,3610,02 0.07¢0.01 0.08+0.003 7.27:0.07 0.2020.003 0.0410.01 trace 0.18:0.01 0.5410.01
Front Face [,81:0.05 * 0.10t0,01 0.16x0,003 7.15:0,07 0.4510,01 t race * 0.1920.01 1,k740.02
Rear Face 0,87:0.04 0.33:£0.02 0.0680.01 0.0610.002 6.4610.07 0.10:0.002 0.030,01 trace 0.1620.004 0.28:0.01
AZ40/0153-B Bulk 0,34%0.63 0.52:0.03 0,10£¢.01 0.05:0.001L Q.73:0.0t 0.15£0,001  0.01:0.002 ¢,13:0.01 0.17¢0.002  0.16:0.002
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TABLE 15 (CONT'D). ELEMENTAL ANALYSIS OF NOBLE METALS AND POISONS BY PIXE

Biscuit Sample Welght Percent
Numbe r Locat lon P S Ca Hn N1 Zn Rh Pd Pt Pb
A260/0334L-A  Bulk 0.38:0,03 0.53:0.02 0.,03t0.01 trace 7.83:D.08 0.04:0.002 1©,.05:0.01 * 0.21+0.01 0.17:0,01
Front Face 0.73:0,05 0.59£0.03 0,04:0,0L 0,01t0.00Z 7.08%0,G7 0.08:0.002 0.04t0.01 * 0.19:0.01 0.31:0.01
Rear Face 0.15:0,02 0.37:0.02 D,0420.01 trace 5.91:0.06 0.02:0.001 0.03:0.01 trace 0.1620.004 0.0810.003
AZAD/0YIAL-B Bulk * 0.35£0.02 0.09:G.01 * 0.12¢0,001 0,02:0,0004 * 0,10:0.004 0,14:0,001 0,05:0.001
A249/0169-1 Bulk 0.5610,03 * 0.12£0.01 0.02:0.001 0.0410,001 0.09t0.001 0.08:0.004 trace 0.52:0.01 0.31£0,003
Front Face 1.4310,04 * 0.13t0.01 0.04t0.01 0.04:0.001 0.20:0.002 0.05%0.004 trace 0.38:0.004 0.39:0.01
Rear Face 0.13%0,02 * ¢.01+0,001 0.01t0.00} ©0,04:0,001 O0,01*0.001 0.05¢0.003 trace 0.35%0.004 0.24:0.03
AZ49/0169-2 Bulk 0.6510,02 » 0.10£0.004 0,02t0,001 0,01:0.0003 0.01:0.001 0,06:£0.003 trace 0.37:0.004 0.16:0,002
Front Face 1.7810,04 * 0.13t0.01 0.05t0.001 ©,0120,0004 0,21:0.002 0,04:0.004 * 0,330,004 0.85:0.01
Rear Face 0.10%0,02 * 0.10+0.01 * 0.01t0.0003 0.02:0.0005 0.04*0.004 * 0.30%0,003 0.03:0.001
A249/0169-1 Bulk 0.1110.02 0.48:0,02 @.1410.01 0.01:0.001 0,01:0.0003 0.08:0.001 0.06:0.004 trace 0.37:0.004 0.53:0.01
Front Face 0.23t0,03 * 0.21:0.01 0.02+0.002 0.03+0,001 0,31£0.003 0,050,011 * 0.4020.01 1.88:0.02
Rear Face * 0.3740.02 0.1410.01 * 0.01£0,000) 0.0410.001 0.06£0.004 * 0.4120,01 0.1420,002
A249/0169-3-B Bulk * 0.27+0,02 0,0110.001 0,01:0,0003 0,01+0,0002 0.02:0.0004 * 0.90:0.01 Lrace 0.09:0.001
A4280/0001L-A  Bulk 1.62t0,05 * 0.23:0.01 0,19:0.002 0.01:0.0003 0.55¢0.01 0.02¢0.002 * 0.2320.003 0.2510.003
Fraat Face 4.2010.08 * 0.48:0.02 0.4410.01 0,02:0,001 1.67t0.02 0.02:0.004 L] 0.1920,004 0.72:0.01
Rear Face 0.28£0,03 0.1610.02 0,09t0.01 0.04:0.001 0.01:0.0002 0.09t0.001 0.02:0.002 ol 0.2110.002 0.07t0.001
A280/0001L-B  Bulk 0.2210.03 0.28:0.02 0.1520.01 0.05:0.001 trace 0,190,002 * 0.4510.01 0.01£0.001 0.2210.002
A155/0941-1-A Bulk 1.3610.05 * 0.17¢0.01 0.06:0,002 0.0120,0004 0.24:0.002 0.0310.004 * ¢.27£0,003 0.23£0.003
Front Face 3.56%0,08 * 0.37¢0.01 0.1420,002 0.02:0.0004 0,79:0.01 0.02:0.003 * 0.23%£0,003 0.77¢0.01
Rear Face 0.2320.0)3 * 0,1220.01 0.0120,001 0,01x0.0003 O0.08:0,001 0,02:0.003 * 0.2610,003 0.07:0.002
A155/0941-1-B Bulk 0,16x0.03 * 0.1520.01 0.02:0,000] * G, 1380,001 * * €.18+0.002 0.18+0 002
Al55/0941-2-A Bulk 0.,4310.03 0.92t0,03 0.48:0.01 0.04£0.001 0.01:0.0002 0.41t0.00% * * 0.1720.002 0,420,004
Front Face 0.5320,04 0.52¢:D0.03 0.3120.01 0.0410,001 * 0,29t0.003 * bd 0.17¢0.002 0.67t0.01
Rear Face 0.17:0.03 0.57t0.02 0.10:0.01 0.0110.0001 * 0.05t0.001 * * 0,140,001 0.13:0.001
A155/0941-2-B  Bulk 0.16:0.03 0.34:0.02 0.13:0.01 0.0120.0003 0,0110.0002 0.10:0.001 * * 0.1420,001  0.06:0.001
A207/0101-A Bulk 1,0420,05 * 0.08:£0.01 0.18x0,002 0.01:0,0004 0.2210,002 0.0420,004 * 0.3720.004 0.40+0.01
Front Face 1.83:0.05 * 0.1210.01 0.34:0.004 0.0210.001 0.5610.01 0.03:0.004 * 0.36%0,01 0,99:0.01
Rear Face 0.43:0.0) * 0,07:0.01 0.08£0.002 ©.0120.000% 0.06%0.001 0,04%0,004 * 0.3540.004 0.08:0.002
a207/0101-8 Bulk 0,10£0,03 0.22:0,02 0,05%0.01 @.0120,0003 0,01£0.0002 ©.03t0.0005 * 0.32:0.01 » 0.06:0.001
A207/0101-C Bulk 0.29:0,03 * 0.09£0.00 0.08:0.00! 0.0L+0.0003 0.05%0.001 0.03%0.003 i 0.33:0.004 0.04+0,001
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TABLE 16. ELEMENTAL ANALYSIS OF NOBLE METALS AND POISONS BY X-RAY FLUORESCENCE

Weight Percent of Elements

Biscuit Number P S Ca Mn Ni Zn Pt Pb Others
A130/009% 0.6520.03 0.26%0.01 0.13%0.01 0.01x0.001 6.65%0,33 0.16+0.01 0.5610.01 0.53%0.03 Mg, Al, 51, K, Ty, Fe, Ba, Ce
A193/0908-A 1.54*0.08 0.21*0.01 0.23%0.01 0.03+0.002 0.0120.001 0.31*0.02 0.2520.01 0.18%0.01 Mg, Al Sy, K, Ty, Fe, Ce
A193/0908-B 0.1530.01 0.22+0.01 0.16*0.01 0.0120.001 * 0.t5%0.01 0.01%0.001 0.19%0.01 Na, Mg, Al, 5, K, T, Fe, Ce
AZ18/0045 0.2710.01 0.29%0.02 0.10X0.01 * 5.32*0.27 0.0710.004 0.4320.02 0.15%0.01 g, Al, Sy, K, T1, Fe, Ba, Ce
A218/0045X 0.5710.03 0.1620.01 0.10+0.005 * 4.5010.023 0.09£0.005 0.38%0.02 0.3020.02 Mg, Al, 51, K, T), Fe, Ba, Ce
A218/0068 0.78%0.04 0.3410.02 0.17*0.01 0.01*D.001 6.24%0.31 0.25*0.01 0.52*0.03 0.77%0.04 Mg, Al, 51, K, Ty, Fe, Ba, Ce
A220/0392-A 1.3920.07 0.77X0.04 0.1110.01 * 4.6730.23 0.19%0.01 0.10%0.01 0.24%0.01 Mg, Al, 51, K, T, Fe, Ba, Ce
A220/0392-B 0.10%0.¢1 0.89%0.04 0.1720.01 ¢.01X0,001 0.02+0.001 0.0840.004 0.3520.02 0.04+0,002 Na, Mg, Al, Sy, K, Ty, Fe, Ba, Ce
A220/081C-A 2.03%0.10 0.54%0.03 0.3010.02 0.0120.001 3.6310.18 0.640.03 0.10%0.01 0.4420.02 Na, Mg, Al, Si, K, Ty, Fe, Ba, Ce
A220/0810-8 0.4810.02 1.15%0.06 0.20%0.01 0.01*0.001 0.0220.001 0.25%0.01 0.37%0.02 0.1720.01 Na, Mg, Al, Si, K, T, Fe, Ba, Ce
A221/0152-A 1.68*0.08 0.23+0.01 D.16X0.01 0.12*0.01 0.0120.001 0.40%0.02 0.3120.002 0.51%0.03 Mg, Al, 51, K, Ty, Fe, Ce
A2Z1/0152-B 0.16*0.01 0.2720.01 0.13%0.01 0.0310.002 b 0.13%0.01 * 0.2940.01 Na, Mg, Al, Si, K, Ty, Fe, Ba, Ce
A221/0204-A 2.78%0.14 0.1110.01 0.4110.02 0.0120.001 0.0120.00t 0.1610.06 0.20*0.0! 0.35%0.02 Na, Mg, Al, Sy, K, Ty, Fe, Ba, Ce
A221/0204-B 0.3710.02 0.2910.01 0.2410.0! * * 0.3620.02 0.02*0.001 0.24%0.01 Na, Mg, Al, 51, K, T\, Fe, Ba, Ce
A221/0447-A 0.93%0.05 0.38%0.02 0.11%0.01 0.0220.001 0.01*D.001 0.20%0.01 0.32*0.02 0.72%0.04 Mg, Al, S1, K, T1, Fe, Ce
A221/0447-B 0.0910.01 0.2920.01 0.10%0.005 0.01*0.001 d 0.0720.003 0.01%0.001 0.5610.03 Mg, Al, 51, K, Ty, Fe, Ba, Ce
A230/0177X-A 0.9210.05 0.33%0.02 0.:8+0.01 0.0420.003 0.0120.001 0.24%.01 0.28%0.01 0.3620.02 Mg, Al, 51, K, Ty, Fe, Ba, Ce
A230/0177X-B 0.0619.004 0.28%0.02 0.091¢.005 0.01%0.001 G.01(*0.00! 0.0520.093 0.30%0.02 0.0420.002 Mg, Al, Sy, K, Ty, Fe, Ba, Ce
A230/0636X-A 0.8720.04 0.2120.01 0.14+0.01 0.01*0.001 0.0210.001 0.22*+0.01 0.28%0.01 0.4820.02 Mg, Al, 51, K, T), Fe, Ba, Ce
A230/0636X-B 0.0819.005 0.37%0.02 0.0810.004 * 0.0120.001 0.08X0.004 0.33%0.02 0.0720.004 Mg, Al, 51, K, Ti, Fe, Ce
A240/0016L-A 0.7210.08 0.66+0,03 0.68+0.00% * 7.39120.37 0.19%0.01 0.23%0.91 0.8120.0% Mg, Al, Si, K, T), Fe, Ba, Ce
A240-0016L-D 0.2620.01 0.9510.05 0.10X0.01 0.01*0.00| 0.1320.01 0.15%0.01 0.17%0.01 0.4110.02 Mg, Al, 51, K, Ty, Fe, Ba, Ce
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TABLE 16 (CONT'D). ELEMENTAL ANALYSIS OF NOBLE METALS AND POISONS BY X-RAY FLUORESCENCE

Weilght Percent of Elements

Biscuit Number p S Ca Mn N Zn Pt Pb Others
A2u0/0102-A 2.33%0.12 0.15%0.01 0.18*0.01 0.01*0.001 3.57%0.18 0.4910.02 0.11%0.01 0.25%0.01 Na, Mg, Al, 51, K, Ty, Fe, Ba, Ce
A2460/0102-B 0.63+0.03 0.29%0.01 0.2210.01 0.01+0.001 0.04+0.002 0.40+0.02 0.1420.01 0.1610.01 Na, Mg, Al, St, K, Ty, Fe, Ba, Ce
A240/0141L-A 0.4310.02 0.26*0.01 0.08%0.004 0.03%0.002 5.92+0.30 0.100.01 0.18%0.01 0.1520.01 Mg, Al, Sy, K, Ty, Fe, Ba, Ce
A240/0141L-B 0.18*0.01 0.48%0.02 0.0710.004 0.0410.002 0.0310.001 0.0620.003  0.16*0.01 0.07+0.004 Mg, Al, S1, K, Ty, Fe, Ba, Ce
A240/0153-A 1.40x0.07 0.4420.02 0.0810.004 0.0410.002 0.01%0.001 0.21%0.01 0.1920.01 0.5910.03 Mg, Al, 51, K, Ti, Fe, Ba, Ce
A240/0153-B 0.28%0.01 0.63%0.03 0.10%0.01 0.04*0.003 0.68%0.03 0.1520.01 0.1720.01 0.17*0.01 Mg, Al, Si, K, Ti, Fe, Ba, Ce
A240/0334L-A 0.3320.02 0.61%0.03 0.05%0.003 * 0.01*0.01 0.05%0.002  0.22*0.0! 0.19*0.01 Mg, Al, S, K, T1, Fe, Ba, Ce
A240/0334L-B 0.06+0.003 0.46*0.02 0.0710.004 * 0.13*%0.01 0.02+0.001 0.1620.01 0.0510.003 Mg, Al, Si, K, T1, Fe, Ba, Ce
A249/0169-1 0.50%0.03 0.13%0.01 0.1010.01 0.02*0.002 0.0410.002 0.0910.005 0.50%0.03 0.31%0.02 Mg, Al, S), K, T1, Fe, Ce
A249/0169-2 0.53%0.03 0.04*0.002 0.11*0.01 0.02+0.001 0.01%0.001 0.0610.603 0.36%0.02 0.17*0.01 Mg, Al, 5y, K, T1, Fe, Ce
A249/0169-3-A 0.10X0.01 0.65X0.03 0.1510.01 0.02*0.001 0.01%0.001 0.1020.01 0.4720.02 0.68*0.03 Mg, Al Sy, K, T, Fe, Ba, Ce
A249/0169-3-B 0.04X0.002 0.3410.02 0.09%0.005 0.01*0.001 0.0110.001 0.0310.001 * 0.10X0.01 Na, Mg, Al, 51, K, Ty, Fe, Ce
A280/0001L-A 1.5510.08 0.1520.0t 0.25%0.01 0.14%*0.01 0.01%0.001 0.6110.03 0.23%0.01 0.28%0.01 Mg, AL, Sy, K, T), Fe, Ba, Ce
A280/00C1L-B 0.18%0.01 0.2720.01 0.1410.01 0.04*0.003 * 0.18%0.01 0.01%0.001 0.22*0.01 Na, Mg, Al, Sy, K, T, Fe, Ba, Ce
A155/0941-1-A 1.1420.06 0.0620.004 0.2020.01 0.0610.004 0.01%0.001 0.2810.01 0.28+0.01 0.2610.01 Mg, Al, Si, K, T1, Fe, Ba, Ce
A155/0941-1-B 0.t210.01 0.1120.01 0.180.01 0.02+0.001 * 0.1620.01 0.2120.01 0.21*0.01 Mg, Al, S1, K, T1, Fe, Ce
A155/0941-2-A 0.2610.01 0.78%0.04 0.4120.02 0.03%0.002 0.0120.0004 0.3910.02 0.15%0.01 0.41%0.02 Na, Mg, Al, S, K, T, Fe, Ce
A155-0941-2-B 0.09%0.01 0.39%0.02 0.1710.01 0.01*0.001 0.01%0.001 0.1210.0! 0.17%0.01 0.0710.004 Na, Mg, Al, S5, K, Ty, Fe, Ba, Ce
A207/0101-A 0.8820.04 0.1020.01 0.1020.01 0.18%0.01 0.01*0.001 0.2610.01 0.3920.02 0.45%0.02 Mg, Al, S, K, T1, Fe, Ba, Ce
A207/0101-8 0.16*0.01 0.05%0.004 0.1120.01 0.08+0.004 0.01%0.001 0.0610.003 0.36*0.02 0.03+0.002 Mg, Al, S1, K, Ty, Fe, Ba, Ce
A207/0101-C 0.0420.003 0.2420.01 0.0710.004 0.01*0.001 0.01%0.0004  0.0410.02 » 0.07X0.004 Mg, Al, Si1, K, Ti, Fe, Ce

* below the detectton hmit
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TABLE 17. LIST OF OXYGEN SENSORS FOR EVALUATION

Sensor Engine

Number Make Family Condition
A220/0660 GM D4G3.8V2NEA3 whole sensor element
A220/0810 GM D4G3.8V2NEA3 whole sensor element
A221/0146 Chrysler DCR2.2V2HAC3 whole sensor element
A221/0310 Chrysler DCR2.2V2HAC3 whole sensor element
A230/0177 GM D1G2.0V5XAJ4 whole sensor element
A230/0649X GM D1G2.0V5HAJ4 whole sensor element
A249/0064 Chrysler DCR5.2V2ZHAPS whole sensor element
A251/0467 GM D2G1.8V5TDGX whole sensor element
A180/0094 Nissan CNS2.8V5FAF4 partial tip only
A218/0045 Nissan CNS2.8V5FAF1 partial tip only
A218/0045X Nissan CNS2.8V5FAF1 partial tip only
A218/0068 Nissan CNS2.8V5FAF1 partial tip only
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TABLE 18. O4 SENSOR EVALUATION

Leak-Down Check

a.
b.
c.
d.

Prepare leak-down chamber

Attach O3 sensor

Pressurize with air to 10" Hg

Monitor the leak-down rate on a strip chart recorder

Engine Evaluation

a.

C.

Light-Off

(1) Mount O3 sensor onto exhaust generator (370°C)
(2) Warm engine to set temperature and switch exhaust to sensor
(3) Determine "light-off" time by recording the sensor voltage

Voltage Output

(1) Monitor voltage output on strip chart as A/F ratio stepwise
changes from 14 to 16 at 370°C
(2} Repeat at another exhaust temperature (590°C)

Repsonse Time

(1) Measure response time for instananeous shift in A/F ratio
from 14 to 16 and then 16 to 14 (change from 200 millivolts to
600 millivolts) at 370°C.

(2) Repeat at another exhaust temperature (590°C).

Laboratory Analysis

a.
b.
C.

Disassemble
Conduct surface area analysis
Submit for ESCA of exterior metals and poisons
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A leak-down rate chamber was prepared to determine the leakage rate of
each of the sensors. The internal volume of the chamber was measured at 3220
ml. A pressure transducer mounted on one end was connected to a strip chart
recorder. The chamber was pressurized to an internal pressure of 10"Hg and
the leakage rate was determined after 15 minutes. The leakage rate for each
sensor is reported in Table 19.

Cold "light-off" times for all the oxygen sensors were determined using
exhaust gas from an engine mounted on a dynamometer test stand. The sensors
initially started at room temperature and were heated by the exhaust gases to
approximately 3700C. The times for the sensors to begin to respond and the
exhaust temperatures are presented in Table 20.

The response times of all the sensors were determined at 370°C and
590°C. The response times were measured following an instantaneous switch
from a rich to a lean air/fuel ratio and again from lean to rich. The response
times for each sensor are recorded in Tables 21 and 22.

The voltage outputs at various air/fuel ratios and two exhaust
temperatures (370°C and 590°C) were also determined. These data are
presented in Tables 23 and 24. The air/fuel ratio was slowly changed from rich
to lean in a stepwise manner. The voltage output of each sensor was recorded
as a function of the air/fuel ratio. These data can be used to determine the
air/fuel ratio at which the sensor will send a signal to change from rich to lean.

The specific surface area of each sensor tip was determined with the
same technique used for the catalyst samples. The results are included in Table
25. One important note is that the results for surface areas of sensor tips using
the multipoint technique are about 4 to 6 times greater than with the
singlepoint technique which was used in previous work assignments. The cause
of the lower values is the result of a negative peak which follows the desorption
peak. The negative peak is probably due to the larger thermal mass of the
sensor tips. The area under the negative peak was not accounted for in the
singlepoint analysis in the previous work assignments and resulted in lower
reported values. The plots for the BET equation versus the relative pressure for
each sensor tip are included in Appendix F.

The exterior surfaces of the oxygen sensor tips were examined with
ESCA. This is a quantitative technique capable of determining the
concentration of all elements except hydrogen and helium above about 0.1 atom
percent in the sample. The depth of penetration is about 100 A into the sample.
The elements detected included carbon (C), oxygen (O), aluminum (Al),
magnesium (Mg), calcium (Ca), silicon (Si), chlorine (Cl), sulfur (S), phosphorous
(P), lead (Pb), nitrogen (N), zinc (Zn), sodium (Na), chromium (Cr), and iron (Fe).
The sensor tip consists of a yttrium impregnated zirconium dioxide ceramic
with a thin platinum coating covered by an exterior spinel coating. The spinel
coating is composed of magnesium, aluminum, and oxygen. The exteriors of the
sensor tips contained many of the same elements that are found in the catalysts
as poisons. The weight percentages of the various elements detected are
presented in Table 26. The individual spectra are included in Appendix G. It
should be noted that a significant amount of carbon and oxygen was found on
the surface and that very little magnesium and aluminum were detected. This



TABLE 19. LEAKAGE RATE FOR OXYGEN SENSORS

Sensor Temperature. OF Pressure, "Hg Leakage Rate

Number Initial Final Initial Final SCIM*
A220/0660 76 76 10.18 10.14 0.02
A220/0810 76 76 10.20 10.12 0.04
A221/0146 76 75 10.20 10.11 0.03
A221/0310 76 75 10.20 10.14 0.02
A230/0177 75 75 10.14 9.44 0.30
A230/0649X 76 76 10.20 9.84 0.16
A249/0064 76 76 10.18 10.00 0.08
A251/0467 76 75 10.18 8.12 0.88
Reference 75 75 10.18 10.12 0.03

*SCIM - Standard cubic inches per minute
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TABLE 20. O, SENSOR EVALUATION - LIGHT-OFF TIMES AT 370°C

Sensor A/F Final Temperature, °F Light-Off Times, Sec.

Number Ratio Voltage, mV Initial* Final** Initial* Final**
A220/0660  14.0% 6380 512 642 26 2u4
A220/0810 14.0% 645 47 665 52 341
A221/0l46  14.02 690 543 670 34 274
A221/0310 14.02 855 555 695 46 386
A230/0177 14.04 565 512 645 26 260
A230/0649 14.02 735 570 713 60 476
A249/0064 14.02 770 555 704 46 437
A271/0467 14.04 315 547 660 50 311
Reference® 14,02 780 515 650 20 204
Reference® 14.04 775 512 655 25 306

*Initial temperature is temperature where sensor begins to respond.
Initial time is time when sensor begins to respond.
**Final temperature is temperature where sensor reached 90% of final response.
Final time is time to reach 90% of final response
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TABLE 21. O SENSOR EVALUATION - RESPONSE TIME AT 370°C

Response Time Response Time
to Maximum Between Limiting
Response, sec. 600-200 mV, sec. Voltages
Rich to Lean to Rich to Lean to mVY
Sensor Number Lean Rich Lean Rich Rich Lean
A221/0146 7 16 2.1 2.8 830 35
A249/0064 3 11 0.2 0.2 850 30
A221/0310 37 7 2.2 16.6 870 35
A230/0649X 1 3 0.2 0.2 7380 45
Reference Test 18 1 3 0.2 0.6 800 35
A230/0177 1 1 --€ --C 460 0
A251/0467 23 13 --C --C 430 60
A220/0660 7 1 0.5 0.2 730 0
A220/0810 1 2 0.6 0.2 660 0
Reference Test 2P 12 1 0.8 0.2 920 70

aTest | with sensors A221/0146, A249/0064, A221/0310, A230/0649X
bTest 2 with sensors A230/0177, A251/0467, A220/0660. A220/0810
€600 mV not achieved



TABLE 22. O SENSOR EVALUATION - RESPONSE TIME AT 590°C

Response Time

Response Time
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to Maximum Between Limiting
Response, sec. 600-200 mVY, sec. Voltages
Rich to Lean to Rich to Lean to mV
Sensor Number Lean Rich Lean Rich Rich Lean
A221/0146 1 2 - 0.2 570 0
A249/0064 23 17 7.7 6.0 810 10
A221/0310 9 4 1.6 2.6 820 2
A230/0649X 10 27 2.9 8.8 800 55
Reference Test |3 9 l 0.6 8.2 910 80
A230/0177 1 6 0.2 0.3 310 45
A251/0467 29 46 4.1 34.2 630 80
A220/0660 5 2 0.2 Q.2 800 40
A220/0810 1 6 0.2 0.2 380 &5
Reterence Test 2P 0.5 2 0.2 0.2 830 40

3Test | with sensors A221/0146, A249/0064, A221/0310, A230/0649X
bTest 2 with sensors A230/0177, A251/0467, A220/0660. A220/0810



TABLE 23. O SENSOR EVALUATION - YOLTAGE OUTPUT VERSUS
AIR/FUEL RATIO AT 370°C

A/F Voltage Qutput, mV

Ratio A2Z1/0146 A249/0064% A221/0310 A230/0649X Reference
14.21 830 870 890 820 800
14.51 700 600 600 500 600
14,56 700 600 600 500 600
14.66 130 170 180 150 250
14.75 90 30 100 90 100
14.98 70 60 80 70 90
15.48 45 40 40 65 70
16.47 35 30 35 45 35

A/F Voltage Output, mY
Ratio A230/0177 A251/0467 A220/0660 A220/0810 Reference
13.98 410 425 670 635 940
14.49 370 410 670 630 320
14.61 370 370 680 620 315
14.68 370 330 670 550 910
14.81 250 200 500 350 900
14.92 120 140 400 240 885
15.438 20 60 100 30 190

16.23 0 25 70 70 90



TABLE 24. O SENSOR EVALUATION - YOLTAGE OUTPUT VERSUS
AIR/FUEL RATIO AT 590°C

A/F Voltage Output, mV _
Ratio A22170146 A249/0064 A221/0310 A230/0649X Reference
14.16 550 810 810 780 925
14.54 510 740 760 680 910
14.63 480 670 700 600 890
14.73 250 270 220 250 3870
14.83 180 60 160 [30 730
14.98 150 60 140 120 650
15.43 100 20 100 55 250
16.07 20 10 75 40 20
A/F Voltage Output, mV
Ratio A230/0177 A251/0467 A220/0660 A220/0810 Reference
14.18 820 700 820 820 850
14.45 650 580 - 500 700
14.57 550 540 500 450 500
14.81 150 180 140 100 180
14.73 220 250 210 160 250
14,98 140 130 120 90 150
1541 60 90 75 60 60
16.26 30 65 45 50 40

38



TABLE 25. SPECIFIC SERVICE AREA OF OXYGEN SENSORS

Sensor Specific Surface

Number Area, m2/g Surface Area, m?2
A220/0660 1.8 7.4
A220/0810 0.7 2.5
A221/0146 1.3 3.9
A221/0310 1.8 5.4
A230/0177 1.2 4.7
A230/0649X 1.5 5.7
A249/0064 1.8 5.1
A251/0467 1.0 4.2
A180/0094 3.5 *
A218/0045 4.5 *
A218/0045X 3.6 *
A218/0068 3.1 *
New Chrysler 3.0 8.7

* - partial sample, no total weight available
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TABLE 26. ELEMENTAL ANALYSIS OF EXTERIOR SURFACE OF OXYGEN SENSORS BY ESCA

Sensor Weight Percent of Element
Number C O Al Mg Ca Si ClI S P Pb N Zn Na GCr Fe

A220/0660 6 21 -- 1.6 0.8 2.9 -- -- 2.5 0.3 1.6 -- 2.5 =-- ==
A220/0810 61 24 -- 3.1 0.3 l.%4 -- 1.4 2.6 0.1 0.9 -- 4.6 -- --
A221/0146 67 21 -- 5.1 -- 2.8 -=- .- 2.3 0.5 0.7 -- 0.7 -= --
A221/0310 60 22 -- 3.1 -- 9.2 -- -- 2.4 0.6 1.7 -- 0.8 -- .-
A230/0177 >6 27 -- 2.0 1.6 4.8 -- 0.8 4.0 0.5 -- 1.5 2.7 == --
A230/0643X 56 26 -- 2.0 0.8 9.0 -- -- 2.2 0.6 -- -- 2.8 0.2 0.2
A249/0064 77 18 -- = - 2.1 == 0.7 0.5 0.2 |l <= =  -= ==
A251/0467 51 26 -- 4.0 -- 12 == -- 2.7 0.4 == == 3.3 == --
A180/0094 38 41 -- == .- .- == 2.2 5.1 7.6 -- 4.7 5.6 - ==
A218/0045 8 13 -- - - e- -e - = 0B .- - 2.1 -- -
A218/0045X 42 35 2.0 5.0 -- 2.6 -- -- 6.8 2.6 -- -- 4.4 - -
A218/0068 82 15 -- == == == .= == 1.5 0.8 -- -- 1.3 - --

New Chrysler 13 39 27 14 2.0 2.4 0.6 1.2 -- -- == = == = ==
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indicates that each tip was covered with a layer at least 1004 thick of exhaust
products. The new Chrysler sensor tip was mostly magnesium, aluminum, and
oxygen, with a smaller amount of carbon and detectable levels of calcium,
silicon, chlorine, and sulfur. A correlation between the exterior elements and
the operation of the sensors was not performed.

IV. Quality Assurance and Correlation

In an effort to assure the quality of the experimental resuits for the "on-
engine" evaluation, a number of steps were taken. Two converters were
selected to undergo three repeat tests each for converter efficiency and light-
off times. These converters were A215/0201R and EPA 1174R. The test
results for the quality assurance program are summarized in Tables 27 through
32, and the data for the individual quality assurance tests are included with the
individual results for all of the converters in Appendix H. An average range and
percent range were calculated for each converter. In general, the repeatability
of the engine and analytical system was good except at rich air/fuel ratios. A
plot of the time versus percent reduction in the exhaust concentration for the
three repeat tests from each converter is shown in Figures 2 through 6 for the
light-off tests. The average value for the test results was calculated and is also
included on each plot.

The Micromeritics Flowsorb II dynamic surface area analyzer was set up
to analyze the catalyst samples "in-house." Two NBS Standard Reference
Materials and seven standards from Duke Scientific Corporation were used to
establish the instrument operating range, linearity, and confidence in the
analytical procedure. In this work assignment, the surface areas were
determined with a multipoint technique. The standards were analyzed using
this technique, and the results are presented in Table 33. In general, the
standards repeated within the published confidence limits for the entire range
of standards (0.62 mZ/g to 265 m2/g).

In this work assignment, a new analytical technique was applied to
catalyst samples. This technique was PIXE. In an attempt to correlate the
results from previous work assignment with this work assignment, several steps
were taken. They included a comparison of SwRI x-ray fluorescence, EPA/RTP
x-ray fluorescence, x-ray fluorescence at Surface Science Laboratories (SSL),
and PIXE by Elemental Analysis Corp. The ten samples were selected to
undergo a multitude of correlation tests which included:

l.  submission of five samples to all laboratories

2. submission of samples previously analyzed by Ford to EPA/RTP and
PIXE

3. Independent analysis of all samples by wet chemistry (WC)/direct
coupled plasma (DCP)

4,  submission of SwRI standards to EPA/RTP, SSL, and PIXE.

The data for each of the correlation samples are included in Table 34. Samples
A3/1037-A, A81/0270-1, A87/0479-2-A, A154/0392-A, and A155/0979-1-A were
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TABLE 27. STEADY-STATE CONVERTER EFFICIENCY SUMMARY
FOR QUALITY ASSURANCE

HYDROCARBONS
Converter Percent Reduction at Nominal A/F Ratio
Number Type Test 14,1 143 14.5 14.7 14,9 15.1 15.3
A215/0201R 3-Way + Ox 1 88.2 91.9 92.6 91.9 92.3 92.2 91.1
2 8.9 86.1 90.9 90.3 93.1 92.3 91.3
3 8.6 87.3 91.7 93.3 92.%4 91.3 92.8
Avg. 8.8 88.4 91.7 91.8 92.6 91.9 91.7
Range 3.3 5.8 1.7 3.0 0.8 1.0 1.7
% Range 3.8 6.6 1.9 3.3 0.9 Il.1 1.9
EPA 1174R 3-Way + Ox 1 8.0 89.2 92.2 92.8 91.9 90.9 89.5
2 85.7 86.7 89.8 90.5 92.8 91.5 90.0
3 8.8 87.7 91.0 91.4%4 90.6 91.3 90.7
Avg. 85.5 87.9 91.0 9l.6 91.8 91.2 90.1
Range 1.2 2.5 2.4 2.3 2.2 0.6 1.2
% Range 1.4 2.8 2.6 2.5 2.4 0.7 1.3
TABLE 28. STEADY-STATE CONVERTER EFFICIENCY SUMMARY
FOR QUALITY ASSURANCE
CARBON MONOXIDE
Converter Percent Reduction at Nominal A/F Ratio
Number Type Test 14.1 14,3 14.5 14.7 149 151 15.3
A215/0201R 3-Way + Ox 1 98.0 99.6 99.5 99.5 99.4% 99.4 99.2
2 98.4 98.9 99.6 99.6 99.5 99.4 99.3
3 99.2 99.2 99.6 99.8 99.7 99.6 99.6
Avg. 98.5 99.2 99.6 99.6 99.5 99.5 99.4
Range 1.2 0.7 0.1 0.3 0.3 0.2 0.4
% Range 1.2 0.7 0.1 0.3 0.3 0.2 0.4
EPA 1174R 3-Way + Ox 1 96.4 99,6 99.5 99.6 99.4 99.2 99.1
2 98.5 99.1 99.7 99.7 99.6 99.5 99.6
3 7 94.8 99.5 99.7 99.7 99.6 99.5 99.7
Avg. 96.6 99.4 99.6 99.7 99.5 99.4 99.5
Range 3.7 0.5 0.2 0.1 0.2 0.3 0.6
% Range 3.8 0.5 0.2 0.! 0.2 0.3 0.6
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TABLE 29. STEADY-STATE CONVERTER EFFICIENCY SUMMARY
FOR QUALITY ASSURANCE
OXIDES OF NITROGEN

Converter Percent Reduction at Nominal A/F Ratio
Number Type Test 14.1 14.3 14.5 14.7 14,9 15.1 15.3

71.6 71.6 48.0 28.2 . .
68.8 77.9 47.5 34.4 29.0 24.9
72.0 44.2 32.9 28.8 .1

A215/0201R 3-Way + Ox 1 75.
2
3 73.

Avg. 68.7
Range 18.2

70.
3.
% Range 26 4
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1 63.8 78.
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Avg. 53.3 74.
Range 16.8 6.
% Range 32 9.
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TABLE 30. LIGHT-OFF TIMES FOR QUALITY ASSURANCE
OF CONVERTER RESPONSE
HYDROCARBONS

Time to Reach Percent Reduction
Converter % Reduction, Sec. After
Number Type Test 20 50 80 205 sec 600 sec

A215/0201R 3-Way + Ox 1 26 36 54 88.7 88.0
2 27 30 52 36.3 88.7

3 28 35 52 87.3 88.5
Avg. 27 34 53 87.6 88.4
Range 2 6 2 1.9 0.7
% Range 7.4 1.8 3.8 2.2 0.3
1 55 63 89
2 40 48 66
3

48 54 75

.0 88.7
.0 91.5
2 91.2

EPA 1174R  3-Way + Ox

\O \O O
b N e

Avg. 48 55 77 91
Range 15 15 23
% Range 31 27 30

90.5
2.8
3.1

——
L] L] .
r—O.p
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TABLE 31. LIGHT-OFF TIMES FOR QUALITY ASSURANCE
OF CONYERTER RESPONSE
CARBON MONOXIDE

Time to Reach Percent Reduction
Converter % Reduction, Sec. After
Number Type Test 20 50 &0 205 sec 600 sec
A215/0201R 3-Way + Ox 1 21 30 38 99.8 99.8
2 20 30 37 99.8 99.8
3 22 30 36 99.8 99.8
Avg. 21 30 37 99.8 99.8
Range 2 0 2 0 0
% Range3 9.5 0 5.4 0 0
EPA 1174R  3-Way + Ox 1 48 57 66 99.8 99.9
2 33 42 50 99.0 100.0
3 41 48 55 99.8 99.9
Avg. 42 49 57 99.5 99.9
Range 10 15 16 0.3 0.1
% Ranged 24 31 28 0.8 0.1

3% Range = {(max - min/avg)x100

TABLE 32. LIGHT-OFF TIMES FOR QUALITY ASSURANCE
OF CONYERTER RESPONSE
OXIDES OF NITROGEN

Time to Reach Percent Reduction
Converter % Reduction, Sec. After

Number Type Test 20 50 &0 205 sec 600 sec

A215/020lR 3-Way + Ox 1 25 NA NA 4.2 5.2

2 24 NA NA 3.4 6.9

3 30 NA NA 7.0 5.2

Avg. 26 - -- 6.5 5.8

Range 6 -- - 4.2 1.7

% Range 23 -- - 65 29

EPA 1174R  3-Way + Ox i 32 50 NA 6.8 5.8

2 25 40 NA 7.4 3.3

3 29 45 NA 3.3 0.5

Avg. 29 45 -~ 5.8 4.9

Range 7 10 - 4.1 7.8

% Range 24 22 - 71 159
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Figure 2. Percent reduction of HC from the light-off test for Converter A215/0201R
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Figure 3. Percent reduction of CO from the light-off test for Converter A215/0201R
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Figure 4. Percent reduction of HC from the light-off test for Converter EPA 1174R
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Figure 5. Percent reduction of CO from the light-off test for Converter EPA 1174R
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Figure 6. Percent reduction of NOy from the light-off test for Converter EPA 1174R
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TABLE 33. QUALITY ASSURANCE OF SURFACE AREA STANDARDS

Standard Standard Surface Measured Surface Percent
Composition Area, mZ/g Area, m2/g Difference

Zinc oxide 0.62%0.04 0.84 35.5
Alpha alumina 0.78 NBS 1.07 7.2
Alumina 3.040.25 3.4l 12.2
3,56 17.1

3.58 17.8

Titanium dioxide 7.05X0.7 7.28 3.3
8.05 14.2

Alumina 14.020.6 16.2 15.7
14.4 2.9

13.2 -5.7

Graphitized Carbon 71.3 NBS 80.4 12.8
Black 78.7 10.4
Alumina 81.426.2 85.6 5.2
Alumina 265%11 260 -1.9



TABLE 34. CORRELATION OF SEVERAL SAMPLES BY DIFFERENT ANALYTICAL TECHNIQUES AND LABORATORIES

Sample Weight Percent of Elements

Technique Number P S Ca Mn Ni Zn Pb Pt Pd Rh Others

PIXE A3/1037-A 0.96£0.04 * 0.09£0.01 0.01£0.00! 3.13£0.03 0.12:0.001 0.01%0.003 0.12*0.002 0.01*0.003 0.02:0.004 Mg, A}, Sy, K, Ty, Fe, Ce
A81/0270-1 0.5320.03 * 0.13+0.01 0.06%0.002 4.2420.04 0.2820.003 1.6220.02 0.3210.01 0.0120.005 0.05x0.01 Mg, Al, S), K, T1, Fe, Ba, Ce
A87/0479-2-A . 0.15£0.02 0.16£0.01 0.02+0.001 0.04%0.001 0.09£0.001 0.23%0.003 * 0.43%0.01 trace Na, Mg, Al, S1, K, Ty, Fe, Ce
A154/0392-A 1.05*0.05 0.24320.02 0.08+0.001 0.02+0.002 4.43*0.05 0.1420.002 0.5320.01 0.13*0.003 0.01%0.00% 0.0420.01 Mg, Al, Sy, K, T, Fe, Ba, Ce
A155/0979-1-A 0.4510.03 * 0.1020.01 0.01+0.00! 0.0120.0003 0.01*0.001 0.25%0.003 0.2520.003 0.00320.001  0.0310.002 Mg, Al, 1, Cl, K, Ty, Fe, Ce
A160/0656-1-A3  0.8110.03 * 0.20+0.01 0.0810.001 0.25£0.002 0.3020.003 0.8220.01 0.02*0.001 * trace Mg, Al, 51, K, Ty, Fe, Ce
A160/0656-1-Ab 3 49£0.07 * 0.51*0.02 0.3320.004 2.9220.03 1.08+0.01 2.78:0.03 0.2520.01 trace 0.0310.01 Mg, Al, S, K, Ti, Fe, Ce
A160/0656-1-C3  0.5610.03 * 0.08:0.01 0.04%0.001 0.5620.01 0.0710.001 0.09£0.002 0.04+0.001 trace 0.01%0.001 Na, Mg, Al, 51, K, Ty, Fe, Ce
A160/0656-1-CP  0.56:0.04 * 0.1120.01 0.05%0.00! 2.4120.02 0.0710.001 0.1220.002 0.19%0.003 * 0.0210.003 Na, Mg, Al, S, K, Ty, Fe, Ce
A160/0656-1-B3  0,2010.02 * 0.0720.01 0.02:0.00t 0.7320.01 0.02*0.000% D0.02x0.001 0.0610.001 » 0.0120.001 Na, Mg, Al, 51, K, Ty, Fe, Ce
A160/0656-1-BP  0.26+0.03 * 0.1020.01 0.04%0.001 ..8320.03 0.0410.001 0.13%0.003 0.2420.003 * 0.0210.004 Na, Mg, Al, 51, K, Ty, Fe, Ce
A214/0681-A-A8 1.1120.03 * 0 17:0.01 0.01:0.001 2.9220.03 0.1920.002 0.3410.01 0.0720.002 trace 0.0220.004 Mg, Al, S1, K, Ty, Fe, Ce
A214/0681-A-AP  2.0920.05 * 0.31:0.01 0.03£0.002 6.2310.06 0.3320.01 0.7910.01 0.1620,01 . 0.0420.01 Mg, AL, S1, K, Ty, Fe, Ce
A214/0681-A-C2  0.30:0.02 - 0.0620.01 trace 1.4420.01 0.0120.0095 0.0220.001 0.0320.001 b 0.0120.003 Na, Mg, Al, S1, K, T1, Fe, Ce
A214/0681-A-CP  1.080.05 * 0.12:0.01 0.0120.001  4.70%0.05 0.0610.001 0.0120.003 0.1120.003 trace 0.0310.01 Na, Mg, Al, S1, K, T1, Fe, Ce
AZ214/0681-A-BP  0.3120.03 * 0.0810.01 trace 2.62%0.03 0.0320.001 0.0520.002 0.0610.002 * 0.0120.003 Na, Mg, Al, S1, K, T1, Fe, Ce

SwRI-XRF  A3/1037-A 0.72 0.04 0.07 h 1.84 0.05 0.06 0.18 . trace Large T, Ce & Fe
A81/0270-1 0.18 0.31 0.06 0.02 1.54 D.11 0.59 0.37 . trace Large T, Ce & Fe
A87/0479-2-A * 0.26 006 0.01 0.02 trace 0.12 . 0.45 * Ty, large Fe
Al54/0392-A 0.52 0,52 0.03 » 1.66 D.03 0.24 0.17 0.08 . Large T1, Ce & Fe
Al155/0979-1-A 0.04 - 0.03 » 002 D.04 0.12 i . . Ti, large Ce & Fe

EPA/RTP- A3/1037-A 0.9710.05 0.05X0.004 0.0910.005 0.01*0.00! 2.8520.14 0.12+0.01 0 10X0.01 0 122001 ND ND Mg, Al, S1, K, T, Fe, Ba, Ce

XRF A81/0270-1 0.6820.03 0.200.01 0.1410.01 0.04%0.002 3.44%0.17 0.27%0.01 1.6020.08 0.290.01 ND ND Mg, AL, S), K, Ty, Fe, Ba, Ce

A87/0479-2-A 0.0620.004 0.18%0.01 0.170.01 0.0310.002 0.040.002 0.0810.00% 0.2210.01 . ND ND Na, Mg, Al, S, K, Ty, Fe, Ba, Ce
A154/0392-A 1.0720.05 0.35%001 0.0720.004 0.0120.001 4.1120.21 0.1410.001 0.5510.03 0 1220.01 ND ND Mg, Al, Si, K, T1, Fe, Ba, Ce
A155/0979-1-A 0.4310.02 0.0410.003 0.0810.004 0.0120.001 0.01%0.001 0.6710.004 0.2120.01 0212001 ND ND Mg, Al, Sy, K, T, Fe, Ba, Ce
A160/0656-1-A 3.33:0.17 - 0.5520.03 0.1910.01 2.16%0.11 0.98+0.05 2.761D.14 0 2210.01 ND ND Na, Mg, Al, Sy, K, Ty, Fe, Ba, Ce
A160/0656-1-C 0.6120.03 * 0.1720.01 0.05%0.003 3.47%0.17 0 1010.01 0.18:0.01 0.29*0.01 ND ND Mg, Al, S), K, Ty, Fe, Ba, Ce
A160/0656-1-B 0.2120.01 - 0.1210.01 0.02*0 002 2 8720.14 0 0510.002 0.1416.01 0 2520.01 ND ND Mg, AL, Si, K, Ty, Fe, Ba, Ce
A214/0681-A-A 1.92x0.10 0.03+0.003 0 1420.02 0 0220.001 6.0230.30 0.40£0.02 0 78£0.04 0.1720 01 ND ND Mg, Al, Si, K, Ty, Fe, Ba, Ce
A214/068¢-A-C 0.8010.04 * 0.1320.01 * 3.8910.19 0.05£0.003 0.0910 005 0.10:0 0! ND ND Mg, Al, S1, K, Ty, Fe, Ba, Ce
A214/0681-A-B 0.5120.03 0.0§%0.002 0 1310.01 - 5.0710.25 0.06X0.003 0.12:0 01 0131001 ND ND Mg, Al, 51, K, Ty, Fe, Ba, C&

P



TABLE 34 (CONT'D). CORRELATION OF SEVERAL SAMPLES BY DIFFERENT ANALYTICAL TECHNIQUES AND LABORATORIES

Sample Weight Percent of Elements
Technique Number P S Ca Mn N1 Zn Pb Pt Pd Rh Others
LEDOUX A3/1037-A 0.69 0.02 ND ND ND 0.11 0.09 o.11 * 0.02 moisture 0.56%
A81/0270-1 0.61 0.10 ND ND ND 0.31 1.6% 0.24 * 0.02 maisture 0.51%
A87/0479-2-A 0.0% 0.09 ND ND ND 0.11 0.13 . 0.23 * moisture 0.14%
Al154/0392-A 0.64 0.21 ND ND ND 0.10 0.36 0.10 * 0.02 moisture 0.91%
A155/0973-1-A 0.19 0.02 ND ND ND 0.0% 0.12 0.10 * 0.01 moisture 0.09%
A160/0656-1-A 1.87 0.01 ND ND ND 0.61 1.84 0.07 bt trace
A160/0656-1-C 0.18 0.01 ND ND ND 0.03 0.05 0.05 * trace
A160/0656-1-B 0.08 0.01 ND ND ND 0.02 0.05 0.06 * trace
A214-0681-A-A 0.66 0.01 ND ND ND 0.16 0.32 0.05 * 0.01
A214/0681-A-C 0.33 0.01 ND ND ND 0.02 0.03 0.0% * 0.0t
A214/0681-A-B 0.09 0.01 ND ND ND 0.01 0.02 0.01 * *
SSL-XRF A3/1037-A ND 0.16 ND ND 8.37 0.27 0.22 0.05 ND ND Ce
Ag1/0270-1 ND 0.83 ND ND 10.07 0.49 2.65 0.26 ND ND Ce
A87/0479-2-A ND 1.18 ND ND 0.12 0.13 0.40 * ND ND Ce
A156¢/0398-A ND 1.43 ND ND 10.02 0.27 0.84 * ND ND Ce
A155/0979-1-A ND - ND ND . 0.04 0.20 0.61 0.26 ND ND Ce

3Ford prepared pellet

bSwRI prepared powder sample from same location 1n biscuit as Ford pellet
ND - not determined with this analytical procedure

* - below the detection hinit
trace - at the detection himit
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analyzed in Work Assignment No. 26, EPA Contract 68-03-3162, by x-ray
fluorescence at SwRI. A silver tube was employed to analyze all of the
elements except palladium (Pd) and rhodium (Rh). A gold tube was used for
these two elements. Additional samples were taken from each biscuit and
submitted for analysis by x-ray fluorescence (EPA/RTP and SSL), PIXE, and
WX/DCP. The EPA/RTP x-ray fluorescence unit used a chromium tube. Two
more catalysts which were analyzed by Ford were also submitted to each of
these laboratories except SSL because adequate sample was not available.
These catalysts were A160/0656-1 and A214/068!. With these two catalysts,
Ford took core samples from the front face, middle, and rear face of the
biscuit, The additional samples were taken from the same location used by
Ford. As another comparison, the actual pellet samples prepared by Ford were
also submitted for PIXE. No data were available for the Ford analyzed pellets.

The standards prepared by SwRI in previous work assignments were
submitted to EPA/RTP, SSL, and PIXE. The concentrations of the SwRI
standards are included in Table 35. Standards #1 through #4 were submitted to
EPA/RTP for analysis as unknowns. The actual versus measured values for the
four SwRI standards analyzed by EPA/RTP are presented in Table 36. The
standards submitted to SSL were used to establish the fundamental parameters
program. In this case the program was called EXACT. Standard HB was used
for fundamental parameters calibration and then analyzed as an unknown along
with HA, HC, and HD. Standard #5 was used for fundamental parameters
calibration and then analyzed as an unknown along with Al, Bl, and #6. The
results are included in Table 37. With PIXE, standards #! through #3 were
submitted as unknowns to determine the precision and accuracy of the
technique. The results by PIXE are included in Table 38. All standards were
not submitted to all laboratories because of the limited time available to
complete the analyses and return the standards.

In Work Assignment Nos. 26 and 31, EPA Contract 68-03-3162, the
exterior surfaces of the oxygen sensor tips were analyzed by x-ray
fluorescence. This technique resulted in relative concentrations with no means
of determining actual concentrations due to the lack of appropriate standards.
in this work assignment, ESCA was employed to examine the exterior surface
concentrations on the sensor tips. ESCA is a standardless technique. The only
limitation is the depth of penetration (about 100R), The depth of penetration
for x-ray fluorescence is between 2 and 200 microns, depending on the element.
Heavier atomic weight elements have larger penetration. This limitation is
reduced by the fact that the majority of the elements of concern should be
located near the exterior surface of the sample. A limitation for x-ray
fluorescence is that only elements with atomic weights above sodium can be
detected. Elements such as carbon, nitrogen, and oxygen cannot be detected
with x-ray fluorescence. ESCA is capable of detecting all elements except
hydrogen and helium. Another question that needed to be answered was
presence of uneven distribution of the elements on the sensor tip. This question
could only be answered by ESCA because very small sampling areas on the
surface are used. Sensor tip A218/0045 was examined at nine different
locations to determine if the elements were evenly distributed. It should be
noted that A218/0045 was a partial sensor tip {one side only). The tip was
examined at five locations down the axis of the tip from the rounded (closed)
end to the cut {open) end of the sensor tip and at four locations around the



TABLE 35. WEIGHT PERCENTAGES OF ELEMENTS IN SwRI STANDARDS

Weight Percent of Elements in Standard

Honeycomb
Element #1 ##2 ##3 #4 #5 6 Al B!l HA HB HC HD Blank

Al 15.89 15.87 15.80 21.09 15.89 10.6¢ 15.86 15.88 -- - - -~ -

Si 0.03 0.05 0.09 -- 0.95 5.51 1399 14.01 -- - - -- -
Fe -~ -- - - - - 0.31 0.17 -- - -~ -- --

P 0.12 - 0.27 -- 0.54 - - -- -- - - -- -

S 1.01 - 0.31 -- - 1.91 -- -- 0.35 0.63 - 1.01 -

Ni 0.16 0.09 0.25 -- 3.18  0.88 -- 0.47 0.19 1.03 -- -- -

Zn .17 0.03 0.08 -- -- - 0.38 .12 0.20 0.1} 0.i4  0.02 -
Mn 0.04  0.14 0.38 -- -- -~ -- -- - -- -- - --
Ca 0.02  0.08 0.05 -- - - - - -- - -- - --
Ce - 0.17 -- - - -- - 0.58 1.15 1.10 -- - --

Ti -- - -- -- -- - 0.13 -- -- - 0.27 0.10 -

Pt 0.12  0.20 0.30 -- 0.80 -- - -- 0.02 0.05 0.04 0.03 -

Pb 092 0.05 0.18 -- 2.72 -- - -~ 0.09 0.1% 0.49 -- -
Honeycomb  -- -- - - -- -- - - 80 80 80 80 90

he
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TABLE 36. CORRELATION OF SwRISTANDARD BY EPA/RTE

Weipght Percentages of Elements in Standards

#1 f#2 #3 #4
15.89 15.37 15,80 21.09
15.65+0.78 16.34%0.21 16.1810.81 21.02%1.05
0.03 0.05 0.09 *
* trace 0.01+0.063 *
0.12 * 0.27 *
0.10%0.01 trace 0.2430.01 trace
1.01 * 0.31 *
1.06X0.05 trace 0.3310.02 irace
0.02 0.08 0.05 *
0.0310.002 0.10%0.01 0.06X0.003 0.01X0.001
0.04 0.14 0.38 *
0.0320.002 0.12*0.01 0.3120.02 trace
0.18 0.09 0.25 *
0.12%6.01 0.07+0.004 0.21%0.01 *
0.17 0.42 .08 *
LI Iyl | [o5*E0.07%8 J03-0,007 “race
0.12 520 .30 *
1.5320.0:02 030,022 J.08-0.004 *
0.92 0.05 0.18 *
0.6910.03 0.04620.002 0.15%0.01 *

* . below the detection limit
trace - at detection limit
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TABLE 37. CORRELATION OF SwRI STANDARD BY SSL

Weight Percent of Elements in Standards

Element HA HB2& HC HD Al Bl ##5 #6
S Actual 0.35 0.63 * 1.01 * * * 1.91
Measured 0.30 0.63 * 0.69 0.43 0.41 * 1.97
Ti Actual *b  » 027 o0.10 0.13 * * *
Measured * * 0.27 0.10 0.15 * * *
Ni Actula 0.19 1.03 * * * 0.47 3.18 0.88
Measured 0.16 1.03 * * * 0.66 3.18 0.74
Zn Actual 0.20 0.11 0.1 0.02 0.38 0.12 * *
Measured 0.1%8 0.11 0.07 * 0.36 0.15 * *
Ce Actual 1.15 1.10 * * * 0.58 * *
Measured 0.96 1.10 * * * 0.32 * *
Pt Actual 0.02 0.05 0.04 0.03 * * 0.30 *
Measured 0.05 0.05 0.03 0.02 0.02 0.01 0.830 *
Pb Actual 0.09 0.14 0.49 * * * 2.72 *
Measured 0.09 0.14 0.27 * * * 2.72 *
Al Actual * * * * 15.839 10.60 15.86 15.88

Measured * * * * 15.89 10.45 9.18 9.78

Si Actual * * * * 0.95 5.51 13.99 14,01
Measured * * * * 0.95 2.40  45.37 45.08

P Actual * * * * 0.54 * * *
Measured * * * * 0.54 0.09 °0.07 0.02

dStandard HB was used to establish fundamental parameters
bNone present and none detected
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TABLE 38. CORRELATION OF SwRI STANDARD BY PIXE

Actual
Measured

Actual
Measured

Actual
Measured

Actual
Measured

Actual
Measured

Actual
Measured

Actual
Measured

Actual
Measured

Actual
Measured

Actual
Measured

Weight Percentages of Elements in Standards

#1 ##2 #3 4
15.89 15.87 15.80 21.09
16.0%0.19 17.0%0.21 17.410.21 22,1%0.27
0.03 0.05 0.09 *
trace trace 0.03%0.01 trace
0.12 * 0.27 *
0.11*0.01 * 0.2610.01 *
1.01 * 0.31 *
0.58+0.01 * 0.15%0.01 *
0.02 0.08 0.05 *
0.03X0.002 0.10%0.003 0.07+0.004 0.01+0.001
0.0% 0.14 0.33 *
0.0420.0005 0.13%0.001 0.43*0.004 *
0.16 0.09 0.25 *
0.14*0.00! 0.09+0.001 0.25+0.002 *
0.17 0.03 0.08 ¥
0.16X0.001 0.03*0.0004 0.08X0.001 *
0.12 0.20 0.30 *
0.0610.001 0.08%0.001 0.14%0.002 *
0.92 0.05 0.18 *
0.71X0.01 0.0410.001 0.16%0.002 *

* - below the detection limit
trace - at detection limit
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circumference of the mid point of the sensor tip. The locations are illustrated
in Figure 7 and the elemental concentrations are shown in Table 39. In general,
there was an even distribution of elements over the entire surface except near
the rounded or closed end of the sensor tip, Visually, the sensor tip was black
near the cut or open end, indicating carbonaceous deposits, and changes to a
light brown at the rounded end, indicating the spinel coating. Carbon and
oxygen are the major components with trace amounts of other elements
scattered across the tip. Magnesium was detected in two of the three locations
with the carbon concentration less than 80%. The presence of magnesium
indicates that the carbon layer was much thinner at this location (less than
100A), and the depth of penetration was into the spinel coating. The sampling
location for all of the remaining sensor tips was near the mid point of the long
axis and at a typical location around the circumference. The ESCA spectra of
each location are presented in Appendix I.

V. Summary

In summary, a total of 42 catalysts were examined for converter
efficiency and light-off times, whole converter x-ray, x-ray fluorescence, x-ray
diffraction, SEM with dot mapping, PIXE, and B.E.T. surface area analysis. Of
these 42 catalysts, 29 were whole converters and 1l were partial catalyst
samples.  Nine converters were evaluated "on-engine" only, 7 received
laboratory analysis only, and 17 were examined "on-engine" and by laboratory
analysis. In addition, 12 oxygen sensors were evaluated for one or more of the
following: screening tests (light-off, voltage response, and voltage output),
surface area analysis, and ESCA for elements on the sensor exterior.

This letter report is a compilation of all of the data available at the time
of submittal, and is intended to serve as the final report of the results for the
program. We hope that the results from these catalyst evaluations will help to
answer some of the EPA questions about relationships between catalyst
efficiency and catalyst condition. Please contact us if there are additional
questions, or if we can be of further assistance.

Prepared by: B Reviewed by:

£ Lyted i (0 hardd T B
E. Robert Fanick Charles T. Hare
Research Scientist Director

Department of Emissions Research Department of Emissions Research



Figure 7. Sample location for Sensor Tip A218/0045
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TABLE 39. ELEMENTAL CONCENTRATION AT SEVERAL LOCATIONS ON
SENSOR TIP A218/0045

Weight Percent of Elements

Locaton € O Na Pb Mg P Ca B N S
1 8 11 1.1 0.4 1.0 == ==  a= - -
2 87 13 = 0b  ee e e em e -
3 8% 13 2.1 0.4 == e mm e ee -
4 74 16 -- 1.0 3.3 =  -= 5.3 - -
5 78 17 1.4 1.0 -- 1.8 0.2 ==  e- =
6 8 13 = 04 -- 0.6 -- - 0.4  --
7 8 148 == 0.7 == 1.2 - = = 0.5
8 73 18 1.4 1.5 3.8 2.3  -= = o= -
9 83 15 0.7 0.7 == 0.9 == = a= -

1 - closest to cut end {open) of sensor tip

2 - 75% of total length from closed end of sensor tip

3 - halfway between cut end and closed end of sensor tip
4 - 25% of total length from closed end of sensor tip

5 - closest to closed end of sensor tip

6 - far right of location 3

7 - right center of location 3

8 - left center of location 3

9 - far left of location 3



APPENDIX A

WHOLE CATALYST X-RAY RADIOGRAPHS
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Figure A-1. X-Ray Radiograph of A193/0908
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Figure A-2. X-Ray Radiograph of A220/0392

A-3



INLET

! w‘;i!j“

OUTLET

Figure A-3. X-Ray Radiograph of A220/0810
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Figure A-4. X-Ray Radiograph of A221/0152
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Figure A-5. X-Ray Radiograph of A221/0198
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Figure A-6. X-Ray Radiograph of A221/0204
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Figure A-7. X-Ray Radiograph of A221/0310
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Figure A-8. X-Ray Radiograph of A221/0447

A-9



INLET

g |i'-""" :
.

o 1 i
Al i | i;;nw i

Wi
AN
I

i

SWRI7#M 85

-

OUTLET

Figure A-9. X-Ray Radiograph of A230/0177X
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Figure A-10. X-Ray Radiograph of A230/0636X
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Figure A-11. X-Ray Radiograph of A240/0016L
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Figure A-12. X-Ray Radiograph of A240/0102
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Figure A-13. X-Ray Radiograph of A240/0141L
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Figure A-14. X-Ray Radiograph of A240/0153
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Figure A-15. X-Ray Radiograph of A240/0334L
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Figure A-16. X-Ray Radiograph of A249/0169-1
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Figure A-17. X-Ray Radiograph of A249/0169-2
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Figure A-18. X-Ray Radiograph of A249/0169-3
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Figure A-19. X-Ray Radiograph of A249/0486-1
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Figure A-20. X-Ray Radiograph of A249/0486-2
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Figure A-21. X-Ray Radiograph of A249/0486-3
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Figure A-22. X-Ray Radiograph of A254/0031
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Figure A-23. X-Ray Radiograph of A254/0037
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Figure A-24. X-Ray Radiograph of A254/0191
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Figure A-25. X-Ray Radiograph of A254/0275
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Figure A-26. X-Ray Radiograph of A280/0001L
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APPENDIX B

ON-ENGINE CONYERTER EFFICIENCIES AND
LIGHT-OFF TIMES



TABLE B-1, CATALYTIC CONVERTER EFFICIENCY - STEADY-STATE
UNIT A193/0908

Converter Efficiency Data

A/F Sample HC co NOg 02 CO2 Temp.

Ratio Location ppm % ppm 4 % °F

14,08 Inlet 2524 2.10 1270 1.08 12,89 740
Outlet 1600 1.38 900 682
CE % 36.6 34,3 29.1

14,29 Inlet 2424 1.74 1370 1.13 13,02 746
Qutlet 1475 1.09 963 661
CE Z 39.2 37.4 29.7

14.47 Inlet 2174 1.43 1446 1.18 13.02 748
Outlet 1150 G.80 963 665
CE % 47.1 44,1 33.4

14,72% Inlet 1774 0.98 1395 1.28 13,29 748
Qutlet 200 0.02 837 706
CE % 88.8 98.0 40,0

14,94 Inlet 1649 0.84 1446 1.38 13.43 744
Outlet 175 0.01 973 712
CE % 89.4 98.8 35.2

15.10 Inlet 1349 0.73 1446 1.58 13.43 747
Outlet .150  0.004 1076 683
CE 7% 88.9 99.4  25.6

15.29 Inlet 1149 0.66 1471 1.63 13,29 749
Outlet 125 G.003 1126 668
CE % 89.1 9g.6 23.4

Engine Operation Data

A/F Speed Man Vac Power _Air Flow, SCFM Intake Air Exhaust Bar,

Ratio rpm in. Hg Hp obs Engine Injected °F in. H20 Vac °F in. H90 1in. Hg
14.08 1810 16.6 21,1 46.8 2.49 97 0.7 961 5.5 29.17
14.29 1809 16.6 21.0 46,6 2.48 99 0.7 969 5.5 29.16
14.47 1809 16.6 20.8 46.5 2,47 99 0.7 973 5.5 29.15
14.72 1806 16.8 19.6 45,5 2.47 99 0.65 977 5.5 29.15
14.94 1807 16.8 19.6 45.4 2,42 99 0.65 977 5.5 29,14
15.10 1804 16.8 1%.5 45.0 2.41 100 0.65 930 5.5 29.12
15.29 1804 16.8 19.2 45,0 2.41 100 0.65 981 5.5 29.11

# - HC and NOy not within tolerances at 14,7 air fuel ratio
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TABLE B-2. CATALYTIC CONVERTER EFFICIENCY - LIGHT-OFF
UNIT A193/0908

Converter Efficiency Data

Time to Test 1 Test 2
Reach 7 Converter Time Converter Time
Reduction Emission(1) Inlet Sec. Inlet Sec.
20 HC 2224 37
Cco 1.99 90
NO, 1760 NA
50 HC 2224 108
co 1.99 105
NO, 1760 NA
80 HC 2224 132
Cco 1.99 123
NO, 1760 NA

Converter Response

Test 1 Test 2

Converter CE Converter CE

Efficiency % Emission In Qut 4 In Qut A
at 205 sec HC 2249 300 86.7
Cco 2.02 0.02 99.0
NO, 1760 1714 2.6
at 600 sec HC 2249 300 86.7
Cco 2.04 0.02 99.0
NOx 1735 1676 3.4

Engine Operation Data

Test Speed Man Vac Power Air Flow, SCFM Intake Air Exhaust Bar.
No. pm in Hg Hp obs Engine Injected °F in H20 Vac °F in Ho0 in Hg

2% €O, 5% 07
1 1800 12.6 36.6 65.6 9.61 106 1.1 1036 14.3  29.09

NA: Not Achieved
(1) HC and NOy are ppm, CO is %
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TABLE B-3. CATALYTIC CONVERTER EFFICIENCY - STEADY-STATE
ONIT A220£0392

Converter Efficiency Data

A/F Sample HC co NOx 02 COy Temp.

Ratio Location ppm 2 pPpm 2 A °F

14,14 Inlet 1649 1.19 1257 0.68 14,12 700
OQutlet 175 0.02 535 756
CE % 89.4 98.3 57.4

14,35 Inlet 1549 1.13 1408 0.68 14,12 704
Outlet 150 0.02 510 736
CE % 90.3 98.2 63.8

14.52 Inlet 1449 0.95 15408 0.83 13,98 705
Cutlet 150 0.01 bll 710
CE % 89.6 99,0 56.6

14.68% Inlet 1249 0.68 1408 0.98 14,12 709
Qutlet 100 0.003 862 680
CE % 92.0 99.6 38.8

14.88  Inlet 1249 0.57 1408  1.13 14.12 710
Outlet 100 0.003 900 660
CE % 92.0 99.5  36.1

15.18 Inlet 1099 0.47 1383 1.28 14,12 711
Outlet 100 0.002 887 643
CE % 90.9 99.6 35.9

15.26 Inlet 900 0.35 1307 1.48 14,12 710
Outlet 75 0.002 862 623
CE 2 91.7 99.4 34.0

Engine Operation Data

A/F Speed Man Vac Power _Air Flow, SCFM Intake Air Exhaust Bar.
Ratioc rpm in. Hg Hp obs Engine Injected °F in. H20 Vac _°F in. Hp0 in. Hg
14,14 1796 16.8 20.3 46.3 2.51 93 0.7 ND 6 29.05
14,35 1794 [6.7 20,1 46.3 2.51 97 0.7 ND 6 29.05
14,52 1796 16.7 19.8 46.1 2.50 98 0.7 ND 6 29.06
14,68 1785 16.7 13,6 46.1 2.51 97 0.7 ND 6 29.06
14,88 1793 16,7 19.1 46.3 2.52 97 0.7 ND 6 29.06
15.08 1796 16.8 19.0Q 46.3 2.54 97 0.65 ND 6 29.07
TT.26 1793 16.8 18.5 46.3 2.56 96 Q.65 ND 6 29.07

*HC not within tolerance at 14.7 air/fuel ratio



TABLE B-4, CATALYTIC CONVERTER EFFICIENCY - LIGHT-OFF
UNIT A220/0392
Converter Efficiency Data
Time to Test 1 Test 2
Reach 7 Converter Time Converter Time
Reduction  Emission(1) Inlet Sec. Inlet Sec.
20 HC 1649 36
co 2.02 34
NO,, 1383 ND
50 HC 1649 47
co 2.02 42
NO, 1383 ND
80 HC 1649 68
co 2.02 58
NO, 1383 ND
Converter Response
Test 1 Test 2
Converter CE Converter CE
Efficiency % Emission In Qut % In Qut %
at 205 sec HC 1699 150 91.2
co 2,02 .003 99.8
NO, 1408 ND ND
at 600 sec HC 1549 150 90.3
co 1.99 .002 99.9
NO, 1408 ND ND
Engine Operation Data
Test Speed Man Vac Power Air Flow, SCFM Intake Air Exhaust Bar,
No. pm in Hg Hp obs Engine Injected °F in H90 Vac °F in H90 in Hg
2% CO, 5% 02
1 1807 13.2 35.1 64.8 9.06 98 1.07 ND 15 29.06

NA: Not Achieved
(1)
ND: No Data

HC and NOyx are ppm, CO is %



TABLE B-5. CATALYTIC CONVERTER EFFICIENCY - STEADY-STATE
UNIT A220/0810

Converter Efficiency Data

A/F Sample HC co NOx 02 COg Temp.

Ratio Location ppm % ppm 4 % °F

14.08 Inlet 1749 1.57 1509 0.63 13.84 728
Outlet 220 0.09 1013 821
CE % 87.4 94.3 32.9

14.32 Inlet 1599 1.13 1634 0.78 13.84 731
Outlet 200 0.02 1038 758
CE€Z% 87.5 98.2 36.5

14,50 Inlet 1549 0.98 1659 0.88 14,12 721
Outlet 200 0.0l 1013 729
CE % 87.1 99.0 38.9

14.65 Inlet 1499 0.84 1685 0.98 14,12 730
Outlet 150 0.01 988 712
CE % 90.0 98.8 41.4

14.85 Inlet 1299 0.65 1710 1.18 14,12 735
Outlet 150 0.003 1138 693
CE % 88.4 99.5 33.4

15.07 Inlet 1199 0.47 1710 1.38 13.84 733
Outlet 150 0.002 1264 665
CE % 87.5 99.6 26.1

15.26 Inlet 1049 0.42 1685 1.48 13.98 733
Outlet 150 0.002 1214 655
CE % 85.7 99.5 28.0

Engine Operation Data

A/F Speed Man Vac Power _Air Flow, SCFM Intake Air Exhaust Bar.
Ratio 1pm in. Hg Hp obs Engine Injected °F in. H20 Vac °F in. H90 in, Hg
14,08 1805 16.2 23.0 49.3 2.79 93 0.7 ND 3 29.15
14.32 1805 16.2 22.7 49,6 2.79 93 0.7 ND ] 29.15
14,50 1805 16.2 22,6 49.3 2.79 93 0.7 ND 8 29.16
14,65 1804 16.2 22.4 49.3 2.79 93 0.7 ND 8 29.16
14,85 1803 16.25 22.2 49,3 2.79 93 0.7 ND 8 29.16
15.07 1802 16.25 21.8 49,2 2.79 92 0.7 ND 8 29.17
5.26 1802 16.25 21.6 49,2 2,79 92 0.7 ND 8 29.17



TABLE B-6. CATALYTIC CONVERTER EFFICIENCY - LIGHT-OFF
UNIT A220/0810
Converter Efficiency Data
Time to Test 1 Test 2
Reach 7 Converter Time Converter Time
Reduction Emission(l) Inlet Sec. Inlet Sec.
50 HC 1599 34
(¢{0] 2,10 21
NO, 1307 38
80 HC 1599 41
Cco 2,10 37
NO, 1307 NA
90 HC 1599 56
co 2.10 43
NO, 1307 NA

Converter Response

Test 1 Test 2
Converter CE Converter CE
Efficiency % Emission In Qut % In Qut %
at 205 sec HC 1599 250 84.4
co 1.99 0.002 99.9
NO, 1383 1289 6.8
at 600 sec HC 1699 175 89.7
co 1.99 0.002 99.9
NO, 1333 1314 1.4
Engine Operation Data
Test Speed Man Vac Power Air Flow, SCIM Intake Air Exhaust Bar.
No. rpm in Hg Hp obs Engine Injected °F in H20 Vac °F in H90 in Hg
2% CO, 5% 09
1 1801 12.7 37.7 67.7 11.46 93 1.12 ND 16 29.12
NA: Not Achieved

(1)

HC and NOx are ppm, CO is %
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TABLE B-7. CATALYTIC CONVERTER EFFICIENCY ~ STEADY-STATE
UNIT A221/0152

Converter Efficiency Data

A/F Sample HC co NOy 02 COg Temp.
Ratio Location ppm A ppm % % °F
14,06 Inlet 2199 1.55 1295 0.73 13.56 742
Outlet 700 0.29 762 785
CE % 68.2 81.3  41.2
14,30 Inlet 1949 1.36 1358 0.83 13.70 743
Outlet 250 0.07 485 772
CE % 87.2 94.8 64.3
14 .45 Inlet 1849 1.08 1458 0.88 13,84 743
Outlet 200 0.02 686 728
CE % 89.2 98.2 53.0
14.67 Inlet 1699 0.73 1471 1.03 13.98 745
Outlet 150 0.01 963 710
CE 7 91.2 98.6 34.5
14.90 Inlet 1499 0.56 1458 1,18 13,98 745
Outlet 125 0.003 1088 680
CE % 91.7 99.4 25.4
15.06 Inlet 1449 0.42 1458 1.33 13,98 745
Outlet 125 0.002 1214 665
CE % 91.4 99.5 16.7
15.20 Inlet 1324 0.37 1383 1.43 13,98 744
Outlet 125 0.002 1189 649
CE ¢ 90.6 99.4 14,0
Engine Operation Data
A/F  Speed Man Vac Power _Air Flow, SCFM Intake Air Exhaust Bar.
Ratio rpm in. Hg Hp obs Engine Injected °F in. Hp0 Vac _°F  1in. Hp0 in. Hg
14.06 1800 16.6 20.9 45.9 3.17 96 0.65 964 4.5 29.22
14,30 1800 16.6 20.8 45,9 3.17 95 0.65 966 4.5 29,22
14,45 1800 16.6 20.7 46,1 3.17 95 0.65 971 4.5 29.23
14.67 1800 16.6 20.7 46.1 3.17 95 0.65 976 4.5 29.23
14.90 1800 16.6 20.5 46.1 3.17 95 0.65 979 4.5 29.24
15.06 1800 16.6 20.2 46,2 3.17 94 0.65 981 4.5 29.24
15.26 1800 16.6 19,8 46,2 3.17 94 0.65 980 4.5 29,25



TABLE B-8. CATALYTIC CONVERTER EFFICIENCY - LIGHT-OFF
UNIT A221/0152

Converter Efficiency Data

Time to Test 1 730° Test 2
Reach 7 Converter Time Converter Time
Reduction Emission(1) Inlet Sec. Inlet Sec.
20 HC 2499 84
co 2.06 77
NO, 1634 82
50 HC 2499 96
co 2.06 86
NO, 1634 NA
80 HC 2499 131
co 2.06 102
NOy 1634 NA

Converter Response

Test 1 Test 2

Converter CE Converter CE

Efficiency % Emission In Qut A In Qut %
at 205 sec HC 2499 325 87.0
co 1.99 0.02 99.0
NOx 1584 1489 6.0
at 600 sec HC 2499 300 88.0
co 2.06 0,01 99.5
NO,, 1609 1589 1.2

Engine Operation Data

Test Speed Man Vac Power _Air Flow, SCFM Intake Air Exhaust Bar.
No. rpm in Hg Hp obs Engine Injected °F in H20 Vac _°F in H0 in Hg

2% €O, 5% 09
1 1800 12.8  37.5 66.7  9.45 95 1.1 1052 9.7  29.18

NA: Not Achieved
(1) HC and NOy are ppm, CO is %



TABLE B-9, CATALYTIC CONVERTER EFFICIENCY - STEADY-STATE
UNIT A221/0198

Converter Efficiency Data

A/F Sample HC co NO4 02 CO2 Temp.
Ratio Location ppm A ppm Z Z °F
14,08 Inlet 2349 1.62 1584 0.73 13.56 723
Outlet 625 0.25 1138 847
CE Z 73.3 84.6 28.2
14,32 Inlet 2149 1.28 1672 0.88 13.56 716
OQutlet 700 0.21 1289 776
CE % 67.4 83.6 22.9
14.52 Inlet 1999 1.01 1722 1.03 13.56 714
Outlet 200 0.06 762 793
CE Z 90.0 9.1 55.8
14.68 Inlet 1999 0.89 1735 1.08 13.84 725
Ou 736 785
CE 57.6
14,89 In 1760 1.23 13.84 703
Ou 1163 719
CE 33.9
15.10 In 1710 1.48 13.56 740
Cu 1138 709
CE 33.4
15.25 In 1697 1.63 13.56 704
Ou 1264 678
CE 25.5
ition Data
A/F Speed Man Vac Power _Air Flow, SCFM Intake Air Exhaust Bar,
Ratio rpm in. Hg Hp obs Engine Injected °F in. H20 Vac _°F  in. H90 in. Hg
14,08 1808 14.5 31.3 57.9 3.4 87 0.95 1020 9.0 29.33
14,32 1809 14.4 31.2 57.9 3.4 88 0.95 1020 9.0 29.33
14.52 1810 14,5 3l.1 57.7 3.4 89 0.95 1025 9.0 29.33
14.68 1808 14.5 30.4 57.2 3.4 89 0.95 1028 9.0 29.33
14.89 1809 14.4 30.6 57.7 3.4 88 1.0 1024 9.0 29.33
15.10 1807 14.5 29.9 57.6 3.5 88 1.0 1041 9.0 29.34
15.25 1807 14.5 30.0 57.6 3.5 89 1.0 1028 9.0 29.34

C not within tolerance at 14.7 air/fuel ratio
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TABLE B-10. CATALYTIC CONVERTER EFFICIENCY - LIGHT-OFF
UNIT A221/0198

Converter Efficiency Data

Time to Test 1 Test 2
Reach 7% Converter Time Converter Time
Reduction Emission{(l) Inlet Sec. Inlet Sec.
20 HC 1799 71
co 1.91 66
NO, 1219 60
50 HC 1799 36
Cco 1.91 76
NO, 121% NA
80 HC 1799 121
co 1.91 92
NO, 1219 NA

Converter Response

Test 1 Test 2

Converter CE Converter CE

Efficiency % Emission In Qut Z In Qut z
at 205 sec HC 1899 250 86.8
Co 1.88 . 005 99.7
NO, 1257 1163 7.5
at 600 sec HC 1924 210 89.1
Cco 1.86 .002 99.9
NO, 1282 1214 5.3

Engine Operation Data

Test Speed Man Vac Power _Air Flow, SCFM Intake Air Exhaust Bar,

No. rpm in Hg Hp obs Engine Injected °F in H90 Vac °F in Ho0 in Hg
2% CO, 5% 03

1 1810 12,95 40,7 67.2 9.4 84 1.1 1071 14 29.32

NA: Not Achieved
(1) HC and NOy are ppm, CO is %
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TABLE B-11, CATALYTIC CONVERTER EFFICIENCY - STEADY-STATE
UNIT A221/0204

Converter Efficiency Data

A/F Sample HC co NOx 02 COp Temp.

Ratio Location ppm % ppm 2 % °F

14.14 Inlet 2324 1,45 1244  0.73  13.43 743
Qutlet 775 0.23 1076 781
CE % 66.6 84.1 13.5

14.29 Inlet 2249  1.17 1299  0.78  13.70 745
Outlet 775 0.20 1126 754
CE % 65.5  82.9 13.3

14 .47 Inlet 2049  0.91 1345  0.88  13.70 747
Qutlet 700  0.14 1151 719
CE % 65.8  84.6 14.4

14.75%  Inlet 1799  0.63 1333 1.13  13.70 749
Outlet 450  0.06 1076 695
CE % 75.0  90.5 19.3

1491 Inlet 1599  0.53 1320 1.13  13.84 749
Outlet 200 0,02 1013 689
CE % 87.5  96.2 23.4

15.08 Inlet 1449 0,41 1320 1.28  13.70 749
Outlet 150  0.004 1050 671
CE % 89.6  99.0 20.4

15.28 Inlet 1299  0.36 1219 1.43  13.70 750
Cutlet 125  0.004 1025 661
CE ¢ 90.4 98,9 15.9

Engine Operation Data

A/F  Speed Man Vac Power _Air Flow, SCFM Intake Air Exhaust Bar.

Ratio rpm in. Hg Hp obs Engine Injected °F in. H20 Vac _°F in. Ho0 in. Hg
14,14 1800 17.0 18.6 42.9 2.52 105 0.6 956 4.5 29.11
14.29 1800 17.0 18.4 42.7 2,52 105 0.6 957 4.5 29.11
14,47 1800 17.0 18.2 43.0 2.52 106 0.6 963 4.5 29.10
14,75 1800 17.0 18.1 43.0 2.52 106 0.6 968 4.5 29.10
14,91 1800 17.0 17.7 43.0 2.52 106 0.6 969 4.5 29.10
15.08 1800 17.0 17.6 42,8 2.52 106 0.6 971 4.5 29,10
15.28 1800 17.0 17.3 42.8 2,52 106 0.6 975 4,5 29,10

*HC + NOyx not within tolerances at 14,7 air/fuel ratio
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TABLE B-12. CATALYTIC CONVERTER EFFICIENCY - LIGHT-OFF
UNIT A221/0204

Converter Efficiency Data

Time to Test 1 Test 2
Reach 7 Converter Time Converter Time
Reduction Emission(l) Inlet Sec. Inlet Sec.
20 HC 2349 86
co 2.01 82
NO, 1609 NA
50 HC 2349 113
co 2.01 100
NO4 1609 NA
80 HC 2349 182
co 2.01 130
NO, 1609 NA

Converter Response

Test 1 Test 2

Converter CE Converter CE

Efficiency % Emission In Qut A In Qut %
at 205 sec HC 2399 360 85.0
Cco 2.06 0.02 99.0
NO, 1647 1477 10.3
at 600 sec HC 2349 275 88.3
co 2.06 0.01 99.5
NO, 1634 1552 5.0

Engine Operation Data

Test Speed Man Vac Power _Air Flow, SCFY Intake Air Exhaust Bar,
No. rpm in Hg Hp obs Engine Injected °F inm Hp0 Vac _°F in Ho0 in Hg

2% €O, 5% 07
1 1809  12.8 37.8  67.8  9.88 97 1.15 1042 10.3  29.19

NA: Not Achieved
(1) HC and NOy are ppm, CO is %
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Bar.

in. Ho0 in. Hg

TABLE B-13. CATALYTIC CONVERTER EFFICIENCY - STEADY-STATE
UNIT A221/0310
Converter Efficiency Data
A/F Sample HC co NOy 02 (o{0]) Temp.
Ratio Location ppm 4 ppm % % °F
14,07 Inlet 2474 1.74 1295 0.73 13.84 701
Outlet 1050 0.30 1038 744
CE % 57.6 82.8 19.8
14.30 Inlet 2049 1.28 1383 0.83 13.84 746
Qutlet 500 0.10 862 777
CE Z 75.6 92.2 37.7
14,49 Inlet 1949 1.13 1421 0.98 13.84 709
Outlet 675 0.13 887 703
CE % 65.4 88.5 37.6
14.69%* Inlet 1949 0.98 1421 1.03 13.98 720
Outlet 200 0.03 887 714
CE 7 89.7 96.9 37.6
14.86 Inlet 1699 0.76 1395 1.23 13.84 724
Qutlet 150 0.01 963 694
CE 2 91.2 98.7 31.0
15.07 Inlet 1599 0.60 1383 1.48 13.84 728
Outlet 125 0.02 887 685
CE % 92.2 96.7 35.9
15.25 Inlet 1399 0.55 1383 1.58 13.84 730
Outlet 125 0.01 1038 672
CE % 91.1 98.2 25.0
Engine Operation Data
A/F Speed Man Vac Power Air Flow, SCFM Intake Air Exhaust
Ratio rpm in. Hg Hp obs Engine Injected °F in. H20 Vac _°F
14,07 1805 15.2 28.5 53.6 2.8 91 0.9 1008 8.0
14.30 1804 15.3 28.0 53.0 2.8 92 0.8 1030 8.0
14.49 1805 15.2 28.3 52.9 2.8 92 0.8 1010 8.0
14.69 1804 15.2 27.7 53.1 2.8 93 0.9 1034 8.0
14.86 1806 15.2 27.3 53.2 2.8 94 0.9 1037 8.0
15.07 1801 15.2 27.0 53.0 2.8 95 0.9 1037 8.0
15.25 1797 15.2 26.6 53.0 2.8 95 0.9 1037 8.0

C not within tolerances at 14.7 air/fuel ratio
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TABLE B-14., CATALYTIC CONVERTER EFFICIENCY - LIGHT-OFF
UNIT A221/0310

Converter Efficiency Data

Time to Test 1 Test 2

Reach 7% Converter Time Converter Time
Reduction Emission(l) Inlet Sec. Inlet Sec.

20 HC 2199 68

) co 1.99 65

NO, 1370 70

50 HC 2199 80

co 1.99 74

NO, 1370 NA

80 HC 2199 96

co 1.99 82

NO, 1370 NA

Converter Response

Test 1 Test 2

Converter CE Converter CE

Efficiency % Emission In Qut YA In Out %
at 205 sec HC 2249 275 87.8
Co 2.01 0.01 99.5
NOx 1345 1289 4.2
at 600 sec HC 2149 250 88.4
co 2.02 0.01 99.6

NO, 1282 1226 4.4

Engine Operation Data

Test Speed Man Vac Power Air Flow, SCFM Intake Air Exhaust Bar.
No. pm in Hg Hp obs Engine Injected °F in H790 Vac °F in H90 in Hg

2% €O, 5% 0
1 1809 12.9  39.2  67.1 9.1 86 1.15 1067 13 29.33

NA: Not Achieved
(1) HC and NOy are ppm, CO is %



TABLE B-15. CATALYTIC CONVERTER EFFICIENCY - STEADY-STATE
UNIT A221/0447

Converter Efficiency Data

A/F Sample HC co NOy 02 CO2 Temp.

Ratio Location ppm % ppm 4 % °F

14,07 Inlet 2324 1.60 1358 0.63 13.70 738
Outlet 225 0.08 762 855
CE % 90.3 95.0 43.9

14,27 Inlet 2149 1.25 1421 1.23 13.84 748
Outlet 200 0.02 937 796
CE % 90.7 98.4 34.1

14.46 Inlet 1999 0.92 1458 0.88 13.98 727
Outlet 175 0.01 1138 737
CE % 91.2 98.9 22.0

14,70 Inlet 1699 0.66 1446 1.08 13.98 749
Outlet 150 0.002 1214 720
CE % 91.2 99.7 16.0

14.87 Inlet 1624 0.47 1458 1.18 14,12 718
OQutlet 150 0.002 1264 705
CE 2 90.8 99.6 13.3

15.08 Inlet 1499 0.40 1471 1.38 13.98 743
Outlet 125 0.002 1276 695
CE % 91.7 99.5 13.3

15.28 Inlet 1299 0.35 1433 1.53 13.84 756
Qutlet 100 0.002 1251 685
CE % 92.3 99.4 12.7

Engine Operation Data

A/F  Speed Man Vac Power _Air Flow, SCFM Intake Air Exhaust Bar.
Ratio rpm in., Hg Hp obs Engine Injected °F im. Hp0 Vac _°F in. H70 in. Hg
14.07 1800 16.5 21.4 47.1 3.21 94 0.7 950 6 29.24
14.27 1800 16.6 21.3 47.0 3.21 95 0.7 962 6 29.24
14.46 1799 16.6 21.0 47.0 3.22 95 0.7 933 6 29.24
14,70 1799 16.5 20.5 46.8 3.21 96 0.7 967 6 29,23
14.87 1800 16.6 20.4 46.8 3.22 96 0.7 931 6 29,23
15.08 1797 16.6 19.9 46.8 3.21 97 0.7 963 6 29.23
15.28 1798 16.6 19.6 46.6 3.21 97 0.7 971 6 29.23
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TABLE B-16., CATALYTIC CONVERTER EFFICIENCY - LIGHT-OFF
UNIT A221/0447
Converter Efficiency Data
Time to Test 1 Test 2
Reach 7 Converter Time Converter Time
Reduction Emission(1) Inlet Sec. Inlet Sec.
20 HC 1999 25
Cco 1.97 20
NO, 1446 NA
50 HC 1999 38
co 1.97 29
NO, 1446 NA
80 HC 1999 63
co 1.97 42
NO, 1446 NA
Converter Response
Test 1 _ Test 2
Converter CE Converter CE
Efficiency Z Emission In Out A Out %
at 205 sec HC 2399 225  90.6
co 2.28(2) 0,01 99.6
NO, 1421 1389 2.2
at 600 sec HC 2574 250 90.3
co 2.18(2) 0,01 99.5
NOX 1408 1402 0.4
Engine Operation Data
Test Speed Man Vac Power Air Flow, SCFM Intake Air Exhaust Bar,
No. rpm in Hg Hp obs Engine Injected °F in H720 Vac °F in Ho0 in Hg
2% €0, 5% 07
1 1812 13.5 35.4 65.6 9.13 86 1026 10.2  29.23
NA: Not Achieved

(1)
(2)

HC and NOy are ppm, CO is %
After 167 sec CO not maintained within 2.0 * 0.1Y%



TABLE B-17, CATALYTIC CONVERTER EFFICIENCY - STEADY-STATE
UNIT A230/0177X
Converter Efficiency Data
A/F Sample HC co NOy 02 CO2 Temp.
Ratio Location pPpm 4 ppm 4 % °F
14,11 Inlet 1649 1.13 1571 0.44 13,84 715
Qutlet 750 0.55 333 658
CE % 54,5 51.3 78.8
14.33 Inlet 1499 0.77 1634 0.53 13.98 716
OQutlet 75 0.03 116 685
CE % 95.0 96.1 92.9
14,50 Inlet 1399 0.69 1659 0.63 13,98 717
Outlet 75 0.003 711 695
CE Z 94.6 99.6 57.1
14,75% Inlet 1149 0.42 1697 0.88 13.98 719
Outlet 75 0.003 1302 659
CE % 93.5 99.3 23.3
14,89 Inlet 1074 0.35 1684 0.98 13.84 719
Outlet 50 0.002 1439 646
CE % 95.3 99.4 14.5
15.07 Inlet 974 0.31 1672 1.13 13.98 718
Outlet 30 0.002 1452 639
CE % 94.9 99.4 13.2
15.27 Inlet 800 0.28 1571 1.48 13.84 716
Outlet 50 0.002 1339 629
CE 2 93.8 99.3 14.8
Engine Operation Data
A/F Speed Man Vac Power Alr Flow, SCFM Intake Air Exhaust
Ratio rpm in, Hg Hp obs Engine Injected °F in. H20 Vac _°F
14,11 1807 16.35 23.9 51.2 - 90 0.8 969 4.5
14.33 1807 16.35 23.8 51.0 - 91 0.8 974 4,5
14,50 1804 16.35 23.6 50.8 - 92 0.8 976 4,5
14.75 1806 16.35 23.1 50.6 - 93 0.8 978 4,5
14.89 1806 16.35 22.7 50.6 - 93 0.8 980 4,5
15.07 1807 16.35 22.5 5G.4 - 94 0.8 980 4.5
15.27 1810 16.35 22.3 50.3 - 94 0.8 977 4.5

*HC not within tolerance at 14.7 air/fuelBgfgio



TABLE B-18. CATALYTIC CONVERTER EFFICIENCY - LIGHT-OFF

UNIT A230/ 0177X

Converter Efficiency Data

Time to - Test 1 Test 2
Reach 7 Converter Time Converter Time
Reduction  Emission(l) Inlet Sec. Inlet Sec.
20 HC 1424 20
co 1.99 16
NO, 1307 18
50 HC 1424 24
co 1.99 20
NO, 1307 NA
80 HC 1424 42
co 1.99 28
NO,. 1307 NA

Converter Response

Test 1 Test 2

Converter CE Converter CE

Efficiency %. Emission In Out % In Out -- %
at 205 sec HC 1424 100 93.0
co 2.08 .002 99.9
NO, 1282 1176 8.3
at 600 sec HC 1449 100 93.1
Cco 2.10 .0008 100
NO, 1244 1151 7.5

Test Speed Man Vac
No. rpm in Hg

Engine Operation Data

Power Air Flow, SCFM Intake Air Exhaust Bar.
Hp obs Engine Injected °F in H20 Vac °F in H90 in Hg

1 1800 10.15

NA: Not Achieved

2% €0, 5% 0

51.1 85.0 11.13 83 1.5 1086 14.2 29,18

(1) HC and NOy are ppm, CO is %
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TABLE B-19. CATALYTIC CONVERTER EFFICIENCY - STEADY-STATE
UNIT A230/0636X

Converter Efficiency Data

A/F Sample HC co NOy 02 €Oz Temp.

Ratio Location ppm % ppm Z A °F

14.15 Inlet 1699 1.13 1634 0,28 13.84 710
Outlet 900 0.63 358 639
CE % 47.0 44,2 78.1

14,35 Inlet 1599 0.95 1710 0.35 13.84 714
Qutlet 100 0.01 26 702
CE 7 93,8 99,0 98,5

14.49 Inlet 1349 0.65 1735 0.50 13.84 714
Qutlet 100 0.003 686 701
CE % 92,6 99,5 60.5

14,66 Inlet 1349 0.55 1760 0.58 13.84 716
Qutlet 75 0.003 1189 681
CE Z 94,4 99,5 33.4

14,89 Inlet 1149 0.40 1760 0.74 13.56 717
Outlet 50 0,002 1464 662
CE 2 95.6 39.5 16.8

15.15 Inlet 950 0.30 1710 1.15 13.29 717
Cutlet 50 0,002 1489 653
CE % 94,7 99,3 12.9

15,33 Inlet 80C 0.25 1634 1.15 13.29 716
Qutlet 30 0.002 1389 638
CE % 93.8 99,3 15.0

Engine Operation Data

A/F Speed Man Vac Power _Air Flow, SCFM Intake Air Exhaust Bar.

Ratic rpm in. Hg Hp obs Engine Injected °F ia. H20 Vac °F in. Hp0 in. Hg
14,15 1800 16.3 23.7 50.0 - 99 0.75 965 4.9 29.11
14,35 1800 16.3 23.5 49.83 -~ 100 .75 969 4.9 29.11
14.49 1300 16.35 23.1 49.8 -~ 100 ¢.75 970 4.9 29.11
14,66 18060 16.35 23.0 49.8 -- 100 ¢.75 970 4.9 29.11
14.89 1800 l6.35 22.4 49.7 == 101 0.75 971 4.9 29.1]
15,15 1800 16.35 22,2 49.5 -- 102 0.75 871 4.5 29.11
'S,33 1800 16.35 21.7 48.5 -- 102 0.75 969 4.5 29.11
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TABLE B-20. CATALYTIC CONVERTER EFFICIENCY - LIGHT-OFF
UNIT A230/0636X

Converter Efficiency Data

Time to Test 1 Test 2
Reach 7 Converter Time Converter Time
Reduction Emission(1l) Inlet Sec. Inlet Sec.
20 HC 1449 16
co 1.99 26
NO 1383 NA
X
50 HC 1449 28
Cco 1.99 32
NO, 1383 NA
80 HC 1449 43
Cco 1.99 38
NO, 1383 NA

Converter Response

Test 1 Test 2

Converter CE Converter CE

Efficiency % Emission In Qut A In Qut - )A
at 205 sec HC 1399 125 91.1
(o[0] 2.06 0.002 99.9
NO, 1358 1289 5.1
at 600 sec HC 1449 125 91.4
co 1.99 0.002 99.9
NO, 1333 1289 3.3

Engine Operation Data

Test Speed Man Vac Power Air Flow, SCFM Intake Air Exhaust Bar.
No. rpm in Hg Hp obs Engine Injected °F in H20 Vac _°F in H9o0 in Hg

2% €O, 5% 0p

1 1808 9.5 52.0 84.7 11.20 94 1.5 1093 16.0 29.13

NA: Not Achieved
(1) HC and NOy are ppm, CO is %
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TABLE B-21, CATALYTIC CONVERTER EFFICIENCY - STEADY-STATE
UNIT A240/0016L

Converter Efficiency Data

A/F Sample HC Co NOy 02 CO2 Temp.
Ratio Location ppm % pPpm % 4 °F
14,17 Inlet 1799 1.22 1596 0.48 14.41 701
Outlet 325 0.07 422 671
CE 7 81.9 94,3 73.6

14,30 Inlet 1674 0.92 1710 0.58 14.41 701
Qutlet 175 0.005 244 652
CE % 89.5 99.4 85.7

14,48 Inlet 1574 0.81 1735 0.68 14,56 702
Outlet 125 0.003 384 626
CE Z 92.0 99.6 77.9

14,66 Inlet 1399 0.60 1710 0.78 14,41 701
Outlet 100 0.003 837 597
CE % 92.8 99.5 51.0

14.88 Inlet 1249 0.47 1685 1.08 14,27 702
Qutlet 100 0.003 1113 580
CE % 92.0 99.4 33.9

15.05 Inlet 1099 0.35 1672 1.23 14,12 701
Outlet 90 0.002 1201 565
CE Z 91.8 99.4 28.2

15.28 Inlet 1074 0.29 1622 1.38 14,12 702
Outlet 75 0.002 1151 556
CE % 93.0 99.3 29.0

Engine Operation Data

A/F Speed Man Vac Power _Air Flow, SCFM Intake Air Exhaust Bar.
Ratio rpm in. Hg Hp obs Engine Injected °F in. Hp0 Vac _°F in. Hp0 in, Hg
14.07 1807 16.45 23.1 49.1 2.45 103 0.8 953 5 29,17
14,30 1409 16.45 23.0 49.0 2.47 105 0.8 955 5 29.17
14,48 1808 16.45 22.8 49.0 2.47 104 0.8 957 5 29.17
14,66 1805 16.5 22.5 49.0 2,50 105 0.8 960 5 29.17
14,88 1806 16.5 22.2 49.1 2.53 104 0.8 960 5 29.17
15.05 1806 16.5 21.7 49.1 2.52 106 0.8 956 5 29.17
"~.28 1808 16.5 21.0 49,0 2.54 107 0.8 956 5 29.17

B-22



TABLE B-22. CATALYTIC CONVERTER EFFICIENCY - LIGHT-OFF
UNIT A240/0016L

Converter Efficiency Data

Time to Test 1 Test 2
Reach 7 Converter Time Converter Time
Reduction Emission(l) Inlet Sec. Inlet Sec.
20 HC 1549 31
co 1,95 28
NOx 1395 24
50 HC 1549 38
CO 1.95 42
NOx 1395 NA
80 HC 1549 50
co 1.95 48
NO, 1395 NA

Converter Response

Test 1 Test 2

Converter CE Converter CE

Efficiency % Emission In Qut % In Qut - %
at 205 sec HC 1624 190 88.3
co 1.99 0.001 99.9
NO,. 1395 1276 8.5
at 600 sec HC 1549 175 88.7
CcO 2,02 0.001 99.9
NO, 1383 1289 6.8

Engine Operation Data

Test Speed Man Vac Power Air Flow, SCFM Intake Air Exhaust Bar,
No. rpm in Hg Hp obs Engine Injected °F in Hp0 Vac _°F in Ho0 in Hg

2% €O, 5% 0

1l 1800 10.22 49.9 81.5 10.71 104 1.45 1082 14.0 29.19

NA: Not Achieved
(1) HC and NOy are ppm, CO is %
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Bar.

in. H90 1in. Hg

TABLE B-23, CATALYTIC CONVERTER EFFICIENCY - STEADY-STATE
UNIT A240/0102
Converter Efficiency Data
A/F Sample HC co NOy 02 CO9 Temp.
Ratio Location ppm % ppm % % °F
14,14 Inlet 1899 1.16 1521 0.48 14.12 701
Outlet 1375 0.94 1151 509
CE % 27.6 19.0 24,3
14,32 Inlet 1749 0.31 1597 0.63 14,12 701
Outlet 1275 0.66 1226 504
CE % 27.1 18.5 23.2
14,54 Inlet 1574 0.61 1622 0.78 14.12 704
Cutlet 1175 0.53 1251 506
CE Z 25.4 13.1 22.9
14,72 Inlet 1424 0.51 1634 0.88 14,12 705
Outlet 1075 0.39 1264 508
CE % 24.5 23.5 22.6
14,88 Inlet 1249 0.39 1622 1,03 14,12 705
Outlet 850 0.27 1264 511
CE % 32.0 30,8 22.1
15.07 Inlet 1174 0.35 1597 1.18 13,98 706
Outlet 750 0.20 1251 516
CE % 36.1 42.9 21.7
15.28 Inlet 999 0.25 1509 1.48 13.98 706
Qutlet 575 0.11 1201 517
CE % 42.4 56.0 20.4
Engine Operation Data
A/F Speed Man Vac Power Air Flow, SCFM Intake Air Exhaust
Ratio rpm in. Hg Hp obs Engine Injected °F in. H20 Vac _°F
14,14 1802 16.5 22.2 47.8 2.53 106 0.8 946 5
14,32 1798 16.5 21.83 47.8 2.53 106 0.75 951 5
14,54 1802 16.5 21.7 48.0 2.53 106 0.8 953 5
14.72 1800 16.5 21.6 48,0 2.53 106 0.8 955 5
14,88 1801 16.55 21,2 47.7 2.53 106 0.75 954 5
15.07 1803 16.55 20.9 47.9 2.53 105 0.75 954 5
'9.28 1800 16.55 20.6 47.6 2.53 104 0.75 954 5
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TABLE B-24., CATALYTIC CONVERTER EFFICIENCY - LIGHT-OFF
UNIT A240/0102

Converter Efficiency Data

Time to Test 1 Test 2
Reach 7 Converter Time Converter Time
Reduction Emission(l) Inlet Sec. Inlet Sec.
20 HC 1574 141
co 1.97 117
NO, 1370 NA
50 HC 1574 172
Cco 1.97 156
NO, 1370 NA
80 HC 1574 NA
Cco 1.97 182
NO, 1370 NA

Converter Response

Test 1 Test 2

Converter CE Converter CE

Efficiency % Emission In Qut % In Qut - %
at 205 sec HC 1649 500 69.7
co 2,01 0.11  94.5
NOx 1358 1226 9.7
at 600 sec HC 1649 400 75.7
co 2.08 0.03 98.6
NO, 1345 1251 7.0

Engine Operation Data

Test Speed Man Vac Power Air Flow, SCFM Intake Air Exhaust Bar.

No. TPM in Hg Hp obs Engine Injected °F in H90 Vac °F in H90 in Hg
2% Co, 5% 02

1 1807 10.2 50.5 81.9 10.64 104 1.5 1067 15 29.06

NA: Not Achieved
(1) HC and NOy are ppm, CO is %
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TABLE B-25. CATALYTIC CONVERTER EFFICIENCY - STEADY-STATE
UNIT A240/0141L

Converter Efficiency Data

A/F Sample HC co NO4 02 CO2 Temp.
Ratio Location ppm A ppm )4 % °F
14.13 Inlet 1924 1.16 1509 0.48 14,12 702
Outlet 325 0.08 573 674
CE % 83,1 93.1 62.0
14,31 Inlet 1749 0.87 1571 0.58 14,12 702
Outlet 250 0.01 497 648
CE 2 85.7 98.8 68.64
14,53 Inlet 1574 0.60 1597 0.73 14,27 7064
Outlet 200 0.005 799 613
CE % 87.3 99,2 50.0
14.70 Inlet 1424 0.47 1597 0.83 14,12 705
Outlet 150 0.004 1113 596
CE % 89.5 79.2 30.3
14.90 Inlet 1249 0.36 1597 1.08 14,12 705
Outlet 150  0.004 1138 572
CE % 88.0 98.9 28.7
15.10 Inlet 1174 0.32 1509 1.28 14,12 704
Outlet 150 0.003 1176 563
CE % 87.2 99,1 22.1
15.25 Inlet 1024 0.26 1471 1.43 13.84 703
Outlet 125 0.003 1176 554
CE 2 87.8 98.8 20.0
Engine Operation Data
A/F Speed Man Vac Power Alr Flow, SCFM Intake Air Exhaust Bar.
Ratioc rpm in. Hg Hp obs Engine Injected °F in. H20 Vac _°F in. Hy0 in. Hg
14,13 1806 16.6 22,2 48,2 2.05 102 0.8 949 5.5 29,12
14,31 1804 16.6 22,0 47.9 2,07 103 0.8 953 5.5 29.12
14,53 1805 16.6 21,7 47.9 2.09 103 0.7 954 5.5 29,13
14,70 1805 16.6 21.5 47.8 2.08 102 0.7 955 5.5 29,13
14.90 1804 16.6 21.1 48.0 2.11 102 0.7 955 5.5 29,13
15.10 1806 16.6 20.9 48,0 2.14 102 0.7 953 5.5 29.13
",25 1805 16.6 20.4 48.0 2.14 102 0.7 952 5.5 29,13
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TABLE B-26. CATALYTIC CONVERTER EFFICIENCY - LIGHT-OFF
UNIT A240/0141L

Converter Efficiency Data

Time to Test 1 Test 2
Reach 7 Converter Time Converter Time
Reduction Emission(l) Inlet Sec. Inlet Sec.
20 HC 1574 33
Cco 2.04 30
NO, 1345 26
50 HC 1574 43
co 2.04 40
NO, 1345 NA
80 HC 1574 64
Cco 2.04 46
NO, 1345 NA

Converter Response

Test 1 Test 2

Converter CE Converter CE

Efficiency % Emission In Qut 7 In Qut - %
at 205 sec HC 1574 225 85.7
co 2.08 0.005 99.8
NO, 1345 1226 8.8
at 600 sec HC 1549 200 87.1
Cco 2.10 0.004 99.8
NO, 1320 1226 7.1

Engine Operation Data

Test Speed Man Vac Power Air Flow, SCFM Intake Air Exhaust Bar.
No. Ipm in Hg Hp obs Engine Injected °F in H70 Vac °F in H90 in Hg

2% €O, 5% 0
1 1801 9.2 54.5  86.7 11.19 100 1.6 1102 16  29.10

NA: Not Achieved
(1) HC and NOx are ppm, CO is 2%
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TABLE B-27, CATALYTIC CONVERTER EFFICIENCY - STEADY-STATE
UNIT A240/0153

Converter Efficiency Data

A/F Sample HC co NOx 02 CO7 Temp.
Ratio Location ppm % ppm % % °F
14,10 Inlet 1899 1.17 1458 0.44 13,98 700
Outlet 425 0.10 510 666
CE % 77.6 91.4 65.0

14,29 Inlet 1674 0.81 1534 0.58 13,98 700
Outlet 225 0.01 611 633
CE % 86.6 98.8 60.2

14,45 Inlet 1649 0.70 1571 0.63 13,98 701
Outlet 200 0.009 422 616
CE % 87.9 98.7 73.1

14,70 Inlet 1374 0.50 1597 0.83 13.98 701
Outlet 150 0.004 850 586
CE % 89,1 99.2 46.8

14.85 Inlet 1249 0.37 1546 1.13 13.98 702
Qutlet 125 0.003 1013 574
CE % 0.0 99,2 34.5

15.07 Inlet 1099 0.29 1496 1.18 13.98 704
Outlet 125 0.002 1113 558
CE Z 88.6 99.3 25.6

15.33 Inlet 900 0.22 1446 1.48 13.84 702
Outlet 100 0.001 1126 546
CE 2 88.9  99.5 22.1

Engine Operation Data

A/F  Speed Man Vac Power _Air Flow, SCFM Intake Air Exhaust Bar.
Ratio rpm in. Hg Hp obs Engine Injected °F in. H20 Vac °F  in. H90 in. Hg
14,10 1804 16.6 22.4 48.6 1.84 103 0.7 950 4.5 29.11
14,29 1804 16.6 22,0 48.3 1.85 104 0.7 953 4.5 29.11
14,45 1804 16.6 21.9 48.3 1.84 104 0.7 956 4,5 29.11
14,70 1805 16.6 21.4 48,2 1.85 104 0.7 957 4.5 29.10
14.85 1804 16.7 21.1 48,2 1.85 104 0.7 959 4.5 29.10
15,07 1803 16.7 20.9 48,2 1.85 103 0.7 961 4,2 29.09

.33 1803 16.7 20.4 48,2 1.84 104 0.7 958 4,2 29.09
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TABLE B-28, CATALYTIC CONVERTER EFFICIENCY - LIGHT-OFF
UNIT A240/0153
Converter Efficiency Data
Time to Test 1 Test 2
Reach 7 Converter Time Converter Time
Reduction Emission(l) Inlet Sec. Inlet Sec.
20 HC 1924 28
co 1.99 35
NO, 1345 29
50 HC 1924 48
co 1.99 44
NO, 1345 NA
80 HC 1924 70
Cco 1,99 55
NO, 1345 NA
Converter Response
Test 1 Test 2
Converter CE Converter CE
Efficiency % Emission  In Qut % In Qut - %
at 205 sec HC 1974 200 89.9
co 1.99 0.003 99.8
NO, 1358 1213 10.7
at 600 sec HC 1924 175 90.9
Co 1.99 0.002 99.9
NO, 1395 1289 7.6
Engine Operation Data
Test Speed Man Vac Power _Air Flow, SCFM Intake Air Exhaust Bar.
No. rpm in Hg Hp obs Engine Injected °F in Hp0 Vac _°F in H70 in Hg
2% €O, 5% 07
1 1800 10.5 49.6 81.9 10.77 96 1.5 1074  40.0 29,13

NA: Not Achieved

(1) HC and NOx are ppm, CO is %
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TABLE B~-29., CATALYTIC CONVERTER EFFICIENCY - STEADY-STATE
UNIT A240/0334L

Converter Efficiency Data

A/F Sample HC co NOy 02 COg Temp.
Ratio Location ppm % ppm Z pA °F
14.14 Inlet 1649 1.01 1509 0.44 14,12 700
Outlet 400 0.10 180 627
CE % 75.7 90.1 88.1
14,35 Inlet 1524 0.74 1571 0.58 14,27 701
Outlet 150 0.005 180 618
CE % 90,2 99.3 88.5
14.54 Inlet 1349 0.56 1609 0.68 14,27 700
Outlet 100 0.003 686 597
CE % 92.6 99.5 57.4
14,70% Inlet 1249 0.47 1609 0.83 14,27 703
Outlet 75 0.002 1038 584
CE % 94.0 99.6 35.5
14.86 Inlet 1149 0.39 1609 0.98 14,27 705
Outlet 75 0.002 1138 570
CE % 93,5 99.5 29.3
15.09 Inlet 1024 0.28 1571 1,18 14,12 705
Qutlet 75 0.002 1213 559
CE % 92,7 99,3 22.8
15.28 Inlet 800 0.18 1446 1.63 13.84 704
Quclet 50 0.002 1163 550
CE Z 93.8 98.9 19.6
Engine Operation Data
A/F Speed Man Vac Power _Air Flow, SCFM Intake Air Exhaust Bar,
Ratio _rpm in. Hg Hp obs Engine Injected °F in. H20 Vac _°F in. Hp0 1in. Hg
14.14 1798 16.6 22,3 48,5 2.78 103 0.8 956 5 29.23
14.35 1797 16.6 22.0 48.4 2.77 102 0.8 960 5 29.23
14.54 1798 16.7 21.8 48.4 2,78 102 0.8 963 5 29.24
14.70 1799 16.6 21.8 48.4 2.78 102 0.8 964 5 29.24
14.86 1795 16.7 21.2 48.4 2.77 102 0.8 963 5 29.23
15.09 1792 16.7 21,0 48,4 2.78 102 0.8 963 5 29.23
15,28 1793 16.7 20.7 48,4 2.77 102 0.8 961 5 29.23

*HC not within tolerance at 14.7 air/fuel ratio
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TABLE B-30. CATALYTIC CONVERTER EFFICIENCY - LIGHT-OFF
UNIT A240/0334L
Converter Efficiency Data
Time to Test 1 Test 2
Reach 7 Converter Time Converter Time
Reduction Emission(1) Inlet Sec. Inlet Sec.
20 HC 1549 33
Cco 1.91 35
NO, 1395 40
50 HC 1549 39
Co 1.91 40
NO, 1395 NA
80 HC 1549 50
Cco 1.91 48
NOy 1395 NA
Converter Response
Test 1 Test 2
Converter CE Converter CE
Efficiency 7 Emission In Out A Qut - A
at 205 sec HC 1574 160 89.8
co 1.99 0.003 99.8
NO, 1383 1302 5.9
at 600 sec HC 1549 150 90.3
co 2.02 0.002 99.9
NO, 1383 1327 4,0
Engine Operation Data
Test Speed Man Vac Power Air Flow, SCFM Intake Air Exhaust Bar.
No. rpm in Hg Hp obs Engine Injected °F in H90 Vac °F in H720 in Hg
2% CO, 5% 09
1 1800 10.3 50.0 81.6 10.72 99 1080 15 29,22
NA: Not Achieved

(1) HC and NOy are ppm, CO is %
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TABLE B-31, CATALYTIC CONVERTER EFFICIENCY - STEADY-STATE
UNIT A 249/0169-1

Converter Efficiency Data

A/F Sample HC co NOx 02 €07 Temp.
Ratio Location ppm 4 ppm % % °F
14,07 Inlet 2074 2§12 1571 0.93 13.70 730
Qutlet 1000 1.22 142 785
CE % 51.8 42,4 91.0

14..33 Inlet 2049 1.75 1647 1.03 13.84 730
Qutlet 225 0.08 497 795
CE % 89.0 95.4 69.8

14.47 Inlet 2024 1.34 1773 1.13 13.70 733
Outlet 175 0.08 1000 809
CE % 91.4 94.0 43.6

14.68 Inlet 1649 1.01 1597 1.28 14.12 716
Outlet 150 0.02 1302 744
CE % 90.9 98.0 18.5

14,91 Inlet 1499 0.70 1634 1.43 14.12 725
Outlet 150 0.01 1452 717
CE % 90.0 98.6 11.1

15.13 Inlet 1449  0.60 1597  1.53  13.84 730
Outlet 150 0.01 1414 697
CE % 89.6 98.3 11.5

15.25 Inlet 1324 0.55 1597 1.63 13.98 728
Outlet 150 0.01 1464 688
CE % 88.7 98.2 8.3

Engine Operation Data

A/F Speed Man Vac Power _Air Flow, SCFM Intake Air Exhaust Bar.

Ratio rpm in. Hg Hp obs Engine Injected °F in. Hp0 Vac _°F in. Hp0 in. Hg
14,07 1800 16.0 24.0 49.9 - 100 0.8 - 4.5 29.31
14,33 1800 16.0 23.9 49.5 -- 100 0.8 - 4.5 29.30
14.47 1800 16.0 23.8 49.4 - 101 0.8 - 4.5 29.29
14.68 1800 16.4 21.8 49.4 - 100 0.7 - 4.0 29.29
14,91 1800 16.4 21.4 49.4 - 101 0.7 -— 4.0 29.29
15.13 1800 16.5 21.1 49.4 - 101 0.6 - 4.0 29.29
15.25 1800 16.5 21.2 49.3 - 102 0.7 - 4.0 29.29
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TABLE B-32, CATALYTIC CONVERTER EFFICIENCY - LIGHT-OFF
UNIT A 249/0169-1
Converter Efficiency Data
Time to Test 1 Test 2
Reach 7 Converter Time Converter Time
Reduction Emission(1) Inlet Sec. Inlet Sec.
20 HC 1799 22
co 1.99 20
NO, 1320 N/A
50 HC 1799 30
co 1.99 25
NO, 1320 N/A
1799 67
80 HC
co 1.99 35
NO, 1320 N/A
Converter Response
Test 1 Test 2
Converter CE Converter CE
Efficiency % Emission In Qut YA In Qut %
at 205 sec HC 1749 350 80.0
co 1.99 0,07 96.5
NO, 1345 1338 0.5
at 600 sec HC 1799 306 83.0
co 2,01 0,07 96.5
NO, 1345 1333 0.9
Engine Operation Data
Test Speed Man Vac Power _Air Flow, SCFM Intake Air Exhaust

No. rpm in Hg

Hp obs Engine Injected

°F in H90 Vac °F in H90

Bar.
in Hg

1 1800 13.3

NA: Not Achieved

(1) HC and NOy are ppm, CO is %

2% €O, 5% 09
36.8 65.2

8.21
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TABLE B-33. CATALYTIC CONVERTER EFFICIENCY - STEADY-STATE
UNIT A 249/0169-2

Converter Efficiency Data

A/F Sample HC co NOx 02 CO7 Temp.

Ratio Location ppm yA ppm % % °F

14,08 Inlet 1899 1.88 1333 0.83 13.16 723
Qutlet 1100 1.33 142 732
CE % 42,1 29.3 89.4

14.27 Inlet 1749 1.57 1358 0.93 13.16 718
Outlet 425 0.66 142 764
CE % 75.7 58.0 89.5

14,47 Inlet 1624 1.29 1433 0.98 13.43 740
Outlet 225 0.16 333 761
CE % 86.2 87.6 76.8

14,65 Inlet 1574 1.10 1471 1.13 13.29 720
Cutlet 225 0.16 a87 727
CE % 85.7 85.4  39.7

14 .85 Inlet 1449 0.77 1534 1.33 13.29 732
Outlet 200 0.06 1138 733
CE % 86.2 92,2 25.8

15.13 Inlet 1449 0.60 1559 1.48 13,29 731
Outlet 175 0.03 1264 699
CE % 87.9 95.0  18.9

15.26 Inlet 1349 0.47 1559 1.58 13.43 742
Outlet 200 0,005 1377 708
CE % 85.2 98.9  11.7

Engine Operation Data

A/F Speed Man Vac Power Alir Flow, SCFM Intake Air Exhaust Bar.
Ratio rpm in. Hg Hp obs Engine Injected °F imn. Hp0 Vac °F in. Ho0 1in. Hg
14,08 1801 15,7 25.0 51.4% -~ 102 0.8 - 5 29.13
14.27 1798 15,7 24,7 51,2 — 103 0.8 - 5 29.13
14,47 1799 15.75 24,5 51.0 -- 104 0.8 - S5 29,12
14,65 1793 15.7 24.3 51.0 -- 104 0.8 - 5 29.11
14,85 1795 15.7 24,2 51.0 -~ 104 0.8 - 5 29.10
15.13 1792 15,7 23.8 50.7 - 104 0.8 - 5 29,10
15.26 1791 15,7 23,6 50.7 -~ 104 0.8 -— 5 29,10
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TABLE B-34, CATALYTIC CONVERTER EFFICIENCY - LIGHT-OFF
UNIT A249/0169-2

Converter Efficiency Data

Time to Test 1 Test 2
Reach 7 Converter Time Converter Time
Reduction Emission(l) Inlet Sec. Inlet Sec.
20 HC 1599 42
co 1.99 38
NO, 1219 35
50 HC 1599 55
co 1.99 45
NO, 1219 NA
80 HC 1599 NA
Cco 1.99 60
NO, 1219 NA

Converter Response

Test 1 Test 2

Converter CE Converter CE

Efficiency % Emission In Qut % In OQut %
at 205 sec HC 1674 425 74.6
Cco 2.14 0.11 94.9
NOx 1219 1113 8.7
at 600 sec HC 1650 375 77.3
co 1.94 0.11 94.3
NOx 1264 1213 4.0

Engine Operation Data

Test Speed Man Vac Power Air Flow, SCFM Intake Air Exhaust Bar,
No. IpMm in Hg Hp obs Engine Injected °F in H20 Vac °F 4in Ho0 in Hg

2% €O, 5% 0
1 1800  13.37  36.3  64.6 8.77 98 1.07 — 9.8  29.19

NA: Not Achieved
(1) HC and NOx are ppm, CO is %
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TABLE B-35. CATALYTIC CONVERTER EFFICIENCY - STEADY-STATE
UNIT 249/0169-3

Converter Efficiency Data

A/F Sample HC co NOy 02 COg Temp.
Ratio Location ppm 2 ppm % % °F
14,06 Inlet 2199 1.81 1257 0.68 13.84 718
Outlet 800 0.43 686 831
CE % 63.6 76.2  45.4

14.32 Inlet 2099 1.47 1483 0.78 14,12 748
Outlet 500 0.28 459 856
CE % 76.2 81.0 69.0

14,50 Inlet 1849 1.046 1509 0.98 14.12 726
Qutlet 250 0.09 634 796
CE % 86.5 91.4  58.0

14,67 Inlet 1699 0.73 1559 1.08 14.27 722
Outlet 150 0.05 963 760
CE % 91,2 93,2  38.2

14,89 Inlet 1599 0.60 1559 1.23 14,41 717
Outlet 150 0.03 1138 725
CE % 90.6 95,0 27.0

15.09 Inlet 1349 0.42 1534 1.38 14,12 716
Outlet 150 0.02 1214 703
CE % 88.9 95,2 20.9

15,31 Inlet 1149 0.35 1509 1.68 14,12 729
Outlet 125 0.02 1239 721
CE % 89.1 94.3 17.9

Engine Operation Data

A/F Speed Man Vac Power _Air Flow, SCFM Intake Air Exhaust Bar.
Ratio rpm in. Hg Hp obs Engine Injected :E. in. H20 Vac °F in. H90 in. Hg
i4.06 1800 16,75 20.4 46,2 4,98 100 0.7 871 - 29.17
14.32 1802 16.75 20.3 46,1 4,97 102 0.75 931 - 29.17
14.50 1800 16.75 20.2 46.2 4,95 101 0.75 880 - 29.17
14.67 1801 16.8 20.1 46.4 5.09 101 0.7 878 - 29.17
14.89 1799 16,75 19.7 46,4 5.09 101 0.7 879 - 29.17
15.09 1797 16.8 19.2 46.4 5.09 101 0.7 878 - 29,17
15.31 1799 16.75 18.9 46.3 5.08 101 0.7 884 - 29.17
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TABLE B-36., CATALYTIC CONVERTER EFFICIENCY - LIGHT-OFF
UNIT 249/0169-3
Converter Efficiency Data
Time to Test 1 Test 2
Reach 7 Converter Time Converter Time
Reduction Emission(l) Inlet Sec. Inlet Sec.
20 HC 2099 20
co 2.06 18
NO, 1157 N/A
50 HC 2099 28
co 2.06 26
NO, 1157 N/A
80 HC 2099 54
Cco 2.06 40
NO, 1157 N/A

Converter Respomnse

Test 1 Test 2

Converter CE Converter CE

Efficiency % Emission In Out A In Out %
at 205 sec HC 2099 250 88.1
Cco 2.06 0.008 99.6
No, 1169 1088 6.9
at 600 sec HC 2049 225 89.0
Co 2.06 0,005 99.8
NO, 1207 1163 3.6

Engine Operation Data

Test Speed Man Vac Power _Air Flow, SCFM Intake Air Exhaust Bar.

No. rpm in Hg Hp obs Engine Injected °F in H90 Vac °F in H90 in Hg
2% CO, 5% 02

1 1802 15.4 25.6 54.1 14.15 102 0.8 939 - 29.19

NA: Not Achieved

(1) HC and NOy are ppm, CO is %
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TABLE B-37. CATALYTIC CONVERTER EFFICIENCY - STEADY-STATE
UNIT A249/0486-1

Converter Efficiency Data

A/F Sample HC co NOy 02 COp Temp.
Ratio Location ppm Z ppm 4 4 °F
14.08 Inlet 2549 1.67 1458 0.78 13.84 728
Outlet 1250 0.96 206 678
CE Z 51.0 42.5 85.9

14,35 Inlet 1949 1.40 1471 0.98 13.84 726
Qutlet 550 0.53 231 691
CE % 71.8 62.1 84.3

14.53 Inlet 1874 1.22 1471 1.13 13.84 723
OQutlet 350 0.25 460 691
CE % 81.3 79.5 68.7

14,69 Inlet 1749 0.99 1483 1,23 13.84 722
Qutlet 300 0.06 1088 673
CE % ) 82.8 93.9 26.6

14.87 Inlet 1649 0.84 1521 1.38 13.70 724
Outlet 250 0.05 1239 652
CE % 84.8 94.0 18.5

15.10 Inlet 1524 0.73 1521 L.53 13.84 727
Qutlet 250 0.02 1251 641
CE % 83.6 97.3 17.8

15.26 Inlet 1399 0.60 1458 1.73 13.84 725
Outlet 250 0.02 1264 620
CE % 82.1 96.7 13.3

Engine Operation Data

A/F Speed Man Vac Power Air Flow, SCFM Intake Air Exhaust Bar.
Ratio rpm in. Hg Hp obs Engine Injected °F in. H20 Vac _°F in. Hy0 in. Hg
14,08 1799 14.9 29.5 54,1 - 95 0.95 1020 7 29,25
14,35 1798 15.0 29,2 54,3 - 95 0.95 1017 7 29.25
14,53 1800 15.0 28,8 54,0 - 95 0.95 1018 7 29.24
14,69 1800 15.0 28.9 54,0 - 95 0.95 1022 7 29.24
14.87 1800 15.0 28.3 54.0 - 95 0.95 1027 7 29.24
15.10 1800 15.0 28.2 54.0 - 95 0.95 1028 7 29.24
7,26 1800 15.0 27.8 54,0 - 95 0.95 1030 7 29.24
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TABLE B-38. CATALYTIC CONVERTER EFFICIENCY - LIGHT-OFF
UNIT A249/0486-1

Converter Efficiency Data

Time to Test 1 Test 2
Reach 7 Converter Time Converter Time
Reduction Emission(l) Inlet Sec. Inlet Sec.
20 HC 1849 22
Cco 1.95 22
NO, 1295 26
S0 HC 1849 43
co 1.95 30
NO, 1295 NA
80 HC 1849 NA
co 1.95 47
NO, 1295 NA

Converter Response

Test 1 Test 2

Converter CE Converter CE

Efficiency % Emission In Qut % In Qut - %
at 205 sec HC 1799 675 62.5
co 1.95 0.11 94.4
NO, 1295 1226 5.3
at 600 sec HC 1849 500 73.0
co 1.97 0.11 94,4
NOx 1257 1226 2.5

Engine Operation Data

Test Speed Man Vac Power Air Flow, SCFM Intake Air Exhaust Bar.
No. rpm in Hg Hp obs Engine Injected °F in H20 Vac _°F in H90 in Hg

2% €0, 5% 03

1 1809 12.8 39.2 66.7 9.1 91 1.2 1068 13 29.26

NA: Not Achieved
(1) HC and NOyx are ppm, CO is %
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TABLE B-39. CATALYTIC CONVERTER EFFICIENCY - STEADY-STATE
UNIT A249/0486-2

Copverter Efficiency Data

A/F Sample HC co NOx 02 COg Temp.

Ratio Location ppm b4 ppm Z % °F

14,12 Inlet 2249 1.67 1383 0.83 13.84 727
Outlet 1250 0.93 231 588
CE % 44 .4 44.3 83.3

14.30 Inlet 2124 1.42 1421 0.93 13.84 725
Outlet 750 0.60 219 605
CE % 64.7 57.7 84.6

14.48 Inlet 1999 1.22 1433 0.98 164.12 723
Cutlet 850 0.10 837 621
CE % 82.5 91.8 41.6

14.68* Inlet 1749 0.95 1458 1.18 14.12 727
Cutlet 300 0.06 1088 597
CE % 82.8 93.7 25.4

14.85 Inlet 1724 0.87 1458 1,28 14,12 725
Qutlet 275 0.03 1138 588
CE % 84.0 96.6 21.9

15.05 Inlet 1599 0.65 1509 1.48 14,12 726
Cuclet 275 0.04 1214 566
CE % 32.8 93.8 19.5

15.25 Inlet 1399 0.57 1408 1.68 14.12 727
Qutlet 250 0.03 1214 558
CE % 82.1 94.7 13.8

Engine Operation Data

A/F Speed Man Vac Power _Air Flow, SCFM Intake Air Exhaust Bar.
Ratio _rpm in. Hg Hp obs Engine Injected °F in. H20 Vac _°F in. Hy0 1in. Hg
14.12 1800 15.3 28.4 51.8 - 92 0.9 1015 5.5 29,22
14.30 1800 15.3 28.4 5t.8 - 92 0.9 1017 5.5 29.22
14.48 1800 15.3 28.1 51.8 - 92 0.9 1023 5.5 29,22
14.68 13800 15.3 27.5 5L.8 - 92 0.9 1027 5.5 29.22
14.85 1800 15.3 27.6 51.8 - 92 0.9 1028 5.5 29.22
15.05 1800 15.3 27 4 5L.8 - 92 0.9 1028 5.5 29.22
15.25 1800 15.3 26.9 51.8 - 92 0.9 1026 5.5 29.22

C not within tolerance at l4.7 air/fuel ratioc
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TABLE B-40.

CATALYTIC CONVERTER EFFICIENCY - LIGHT-OFF
UNIT A249/0486-2

Converter Efficiency Data

Time to Test 1 Test 2
Reach 7 Converter Time Converter Time
Reduction Emission(l) Inlet Sec. Inlet Sec.
20 HC 1974 28
Cco 1.91 30
NO, 1270 27
50 HC 1974 46
co 1.91 40
NO, 1270 NA
80 HC 1974 128
co 1.91 55
NO, 1270 NA
Converter Response
Test 1 Test 2
Converter CE Converter CE
Efficiency % Emission In Qut yA In Out %
at 205 sec HC 2249 425 8l.1
co 1.95 0.09 95.4
NO, 1270 1189 6.4
at 600 sec HC 2349 400 83.0
co 1.99 0.08 96.0
NO, 1270 1201 5.4
Engine Operation Data
Test Speed Man Vac Power Air Flow, SCFM Intake Air Exhaust Bar.
No. rpm in Hg Hp obs Engine Injected °F in Hp0 Vac _°F in H90 in Hg
2% CO, 5% 09
1 1800 13,6 36.0 61.3 10.3 90 1.1 1062 7.9 29.21
NA: ©Not Achieved
(1) HC and NOy are ppm, CO is %
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TABLE B-41, CATALYTIC CONVERTER EFFICIENCY -~ STEADY-STATE
UNIT A249/0486-3

Converter Efficiency Data

A/F Sample HC co NOy 02 CO9 Temp.
Ratio Location ppm % ppm % % °F
14.13 Inlet 2124 1.45 1647 0.73 13.43 759
Outlet 325 0.23 282 896
CE % 84.7 84,1 82.9

14,30 Inlet 1924 1.23 1697 0.83 13.56 755
Outlet 150 0.08 434 893
CE % 92.2 93.5 74 .4

14.45 Inlet 1824 1.07 1710 0.93 13.56 756
Outlet 150 0.09 384 863
CE % 91.8 91.6 77.5

14.66 Inlet 1699 0.92 1785 1.03 13.56 752
Outlet 125 0.05 636 847
CE % 92,6 94.6 64 .4

14.85 Inlet 1699 0.76 1848 1.23 13.56 747
Outlet 125 0.02 1013 837
CE % 92.6 97.4 45,2

15.13 Inlet 1499 0.55 1860 1.48 13.43 749
Outlet 150 0.02 1239 803
CE % 90.0 96.4 33.4

15.26 Inlet 1449 0.46 1835 1.63 13.43 749
Outlet 140 0.004 1339 785
CE % 90.3 99,1 27.0

Engine Operation Data

A/F  Speed Man Vac Power _Air Flow, SCFM Intake Air Exhaust Bar.

Ratio rpm in. Hg Hp obs Engine Injected °F in. Hp0 Vac _°F in. Hp0 in. Hg
14,13 1800 15.9 25.2 49.6 4.0 94 0.8 922 14.9 29,21
14,30 1800 15.9 25.2 49,6 4,0 94 0.8 925 14,7 29,21
14,45 1800 15.8 25.2 49.8 4,0 93 0.8 914 14,5 29,21
14.66 1800 15.8 25.2 49.8 4.0 93 0.8 908 14,5 29.21
14.85 1800 15.8 25.2 49.8 4,0 93 0.8 908 14,4 29,21
15.13 1800 15.8 25,2 49.8 4.0 94 0.8 910 14,3 29.19
TR.26 1800 15.8 25.1 49.8 4.0 94 0.8 910 14,4 29.19
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TABLE B-42, CATALYTIC CONVERTER EFFICIENCY - LIGHT-OFF
UNIT A249/0486-3

Converter Efficiency Data

Time to Test 1 Test 2
Reach 7 Converter Time Converter Time
Reduction Emission(1) Inlet Sec. Inlet Sec.
20 HC 1874 18
o 1.95 16
NOy 1056 NA
50 HC 1874 30
co 1.95 26
NO, 1056 NA
80 HC 1874 46
co 1.95 35
NOy, 1056 NA

Converter Response

Test 1 Test 2

Converter CE Converter CE

Efficiency % Emission In Qut A In Out %
at 205 sec HC 1874 125 93.3
co 1.99 0,003 99.8
NO, 1081 1063 1.7
at 600 sec HC 1874 150 92.0
co 1.86 0.002 99.9
NO, 1095 1088 0.6

Engine Operation Data
Test Speed Man Vac Power Air Flow, SCFM Intake Air Exhaust Bar.

No. rpm in Hg Hp obs Engine Injected °F in H20 Vac °F in H90 in Hg

2% €O, 5% 0
1 1800  16.0 29.6 49.6  11.0 90 0.8 969  17.9  29.24

NA: Not Achieved
(1) HC and NOy are ppm, CO is %
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TABLE B-43., CATALYTIC CONVERTIER EFFICIENCY - STEADY-STATE
UNIT A254/0031

Converter Efficiency Data

A/F Sample HC co NOy 02 oo)) Temp.

Ratio Location ppm Z ppm Z % °F

14,14 Inlet 2099 1.70 1320 0.83 13.70 756
Outlet 100 0.18 52 951
CE % 95.2 89.4 96.1

14,33 Inlet 2049 1.53 1345 0.93 13.70 743
Outlet 400 0.68 39 843
E % 80.5  55.6 97.1

14,48 Inlet 1949 1,28 1433 1.03 13.70 738
Outlet 100 0.17 13 827
CE % 94.9 86.7 99.1

14,68% Inlet 1724 0.95 1446 1.18 13.84 748
Outlet 50 .002 611 810
CE % 97.1 99.8 57.7

14,95 Inlet 1649 0.77 1483 1.33 13.84 741
Outlet 50 .002 887 774
CE % 87.0 99.7 40.2

15.07 Inlet 1499 0.65 1471 1.43 13.98 738
Outlet 60 .002 1163 749
CE % 96.0 99.7 20.9

15.30 Inlet 1299 0.50 1385 1.68 13.84 743
OQutlet 50 .002 1239 726
CE 7% 96.2 99.6 11.2

Engine Operation Data

A/F  Speed Man Vac Power _Air Flow, SCFM Intake Air Exhaust Bar.

Ratio rpm in. Hg Hp obs Engine Injected °F im. H20 Vac _°F in. H70 in. Hg
14,14 1800 14.9 28.8 54.0 - 90 0.9 1040 9.0 29.14
14,33 1800 14.9 28.4 54.0 - 90 0.9 1041 9.0 29.14
14,48 1800 14.9 28.0 54.0 - 90 0.9 1044 9.0 29,14
14.68 1800 14.9 27.8 54.1 - 89 0.9 1051 9.0 29.12
14,95 1800 14,9 27.6 54.1 - 89 0.9 1049 9.0 29.12
15.07 1800 14.9 27.3 54.1 - 89 0.9 1049 9.0 29.12
15.30 1800 14.9 27.0 53.8 - 89 0.9 1049 9.0 29.12

*HC not within tolerances at 14.7 air/fuel ratio
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TABLE B-44, CATALYTIC CONVERTER EFFICIENCY - LIGHT-OFF
UNIT A254/0031

Converter Efficiency Data

Time to Test 1 Test 2
Reach 7% Converter Time Converter Time
Reduction Emission(1) Inlet Sec. Inlet Sec.
20 HC 1749 27
co 1.93 25
NO,, 1106 24
50 HC 1749 32
co 1.93 30
NO, 1106 NA
80 HC 1749 45
co 1.93 39
NO4 1106 NA

Converter Response

Test 1 Test 2

Converter CE Converter CE

Efficiency % Emission In Out Z In Out %
at 205 sec HC 1749 100 94.3
Cco 1.88 .002 99.9
NO, 1383 1352 2.2
at 600 sec HC 1849 85 95.4
Cco 1.82 .001 99.9
NOx 1169 1126 3.7

Engine Operation Data

Test Speed Man Vac Power Air Flow, SCFM Intake Air Exhaust Bar.
No. rpm in Hg Hp obs Engine Injected °F in H70 Vac °F in Ho0 in Hg

2% €O, 5% 09
1 1800  13.5 36.8  6l.4 8.4 89 1.1 1066 12.5 29.10

NA: Not Achieved
(1) HC and NOy are ppm, CO is %
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TABLE B-45. CATALYTIC CONVERTER EFFICIENCY - STEADY-STATE
UNIT A254/0037

Converter Efficiency Data

A/F Samp le HC co NOyx 02 €Oy Temp.
Ratio Location ppm % ppm % b4 °F
14.09 Inlet 2324 1.81 1295 0.83 13.70 727
Outlet 1250 1.04 103 841
CE Z 46,2 42.5 92.0

14,31 Inlet 2099 1.32 1395 1.03 13.84 732
Outlet 125 0.24 13 886
CE Z 94,0 81.8 99,1

14.49 Inlet 2149 1.01 1471 1.03 13.98 744
Outlet 75 0.002 812 871
CE % 96.5 99,8 44,8

14.,66% Inlet 1949 0.95 1471 1.18 13.84 730
Qutlet 50 0.002 586 873
CE % 97.4 99.8 60.2

14,89 Inlet 1749 0.74 1546 1.33 13.98 725
Outlet 75 0.002 912 825
CE % 95.7 99,7 41.0

15.13 Inlet 1475 0.55 1534 1.53 13.84 730
Outlet 75 0.002 1239 778
CE % 94,9 99,6 19.2

15.28 Inlet 1449 0.47 1534 1.68 13.84 731
Qutlet 75 0.002 1377 767
CE % 94.8 99.6 10.2

Engine Operation Data

A/F  Speed Man Vac Power _Air Flow, SCFM Intake Air Exhaust Bar.
Ratio rpm in. Hg Hp obs Engine Injected °F in. H20 Vac _°F in. Hp0 4in. Hg
14,09 1800 15.45 27.1 50.3 -— 95 0.8 990 8.0 29.13
14,31 1800 15.45 27.0 50.4 - 93 0.8 1010 8.0 29.12
14.49 1800 15.45 26.8 50.6 —_— 93 0.8 1014 8.0 29.12
14.66 1800 15.45 26.6 50.6 —_ 93 0.8 1017 8.0 29.13
14.89 1800 15.45 26.3 50.6 —_— 93 0.8 995 8.0 29.13
15.13 1800 15.45 26.4 50.6 —_ 92 0.8 1014 8.0 29.14
15.28 1800 15.45 25.8 .50.6 —-— 92 0.8 1017 8.0 29.14

B-46



TABLE B-46., CATALYTIC CONVERTER EFFICIENCY - LIGHT-OFF
UNIT A254/0037

Converter Efficiency Data

Time to Test 1 Test 2
Reach 7 Converter Time Converter Time
Reduction Emission(l) Inlet Sec. Inlet Sec.
20 HC 1849 34
Cco 1.99 32
NO, 1383 30
50 HC 1849 40
co 1.99 38
NO, 1383 NA
80 HC 1849 54
CcO 1,99 49
NO, 1383 NA

Converter Respomnse

Test 1 Test 2

Converter CE Converter CE

Efficiency % Emission In Qut % In Out %
at 205 sec HC 1924 125 93.5
co 1.91 0.002 99.9
NO, 1408 1314 6.7
at 600 sec HC 1899 100 94,7
co 1.90 0.002 99.9
NO. 1383 1327 4.0

Engine Operation Data

Test Speed Man Vac Power Air Flow, SCFM Intake Air Exhaust Bar.
No. pm in Hg Hp obs Engine Injected °F in H20 Vac °F in H90 1in Hg

2% €O, 5% 05

1 1800 13.0 83.4 63.5 10.4 93 1.2 1059 13.6  29.13

NA: Not Achieved
(1) HC and NOy are ppm, CO is %
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TABLE B-47. CATALYTIC CONVERTER EFFICIENCY - STEADY-STATE
UNIT A254/0191

Converter Efficiency Data

A/F Sample HC co NO 02 CO9 Temp.
Ratio Location ppm 2 ppm 4 Z °F
14.06 Inlet 2149 1.74 1307 0.83 13.29 728
Qutlet 75 0.21 65 923
CE 7 96.5 87.9 95.0
14.30 Inlet 2024 1.47 1333 0.93 13.29 744
QOutlet 400 0.63 13 853
CE Z 80.2 57.1 99.0
14,48 Inlet 1824 1.11 1345 1.08 13.43 733
Cutlet 50 0.002 699 858
CE % 97.2 99.8 48.0
14,74% Inlet 1749 0.87 1395 1.23 13.43 744
Outlet 50 0.002 661 829
CE % 97.1 99.8 52.6
14,87 Inlet 1649 0.74 1395 1.28 13.43 730
Qutlet 75 0.002 1138 818
CE % 95.4 99.7 18.4
15.07 Inlet 1524 0.65 1383 1,38 13,56 748
Outlet 65 0.002 1138 793
CE Z 95.7 99.7 17.7
15.26 Inlet 1099 0.66 1433 1.63 13.29 702
Qutlet 50 0.002 1289 711
CE % 95.4 99.7 10.0
Engine Operation Data
A/F Speed Man Vac Power _Air Flow, SCFM Intake Air Exhaust Bar.
Ratio rpm in. Hg Hp obs Engine Injected °F in. H20 Vac _°F in. Ho0 in. Hg
14,06 1800 15,0 28.8 51.9 -— 100 0.9 1037 9.0 29.04
14,30 1800 15,0 28,6 51.9 -— 100 0.9 1043 8.5 29.04
14.48 1800 15.0 27.9 52.1 - 100 0.9 1045 8.5 29.04
14,74 1800 15.0 27.7 52.1 - 99 0.9 1050 8.5 29.04
14.87 1800 15.0 27.7 52.3 — 99 0.9 1050 8.5 29.04
15,07 1800 15.0 27.4 52.4 - 99 0.9 1054 8.5 29.04
15.26 1800 15.0 27.0 52.4 — 97 0.9 1044 8.5 29.04

.C and NOy4 not within tolerances at 1l4.7
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TABLE B-48. CATALYTIC CONVERTER EFFICIENCY - LIGHT-OFF
UNIT A254/0191

Converter Efficiency Data

Time to Test 1(2) Test 2
Reach 2 Converter Time Converter Time
Reduction Emission(l) Inlet Sec. Inlet Sec.
20 HC 1974 27
co 1.81 29
NO, 1295 28
50 HC 1974 34
Cco 1.81 34
NO, 1295 NA
80 HC 1974 48
co 1.81 44
NO, 1295 NA

Converter Response

Test 1 Test 2

Converter CE Converter CE

Efficiency % Emission In Qut Z In Qut %
at 205 sec HC 1924 100 94.8
co 1.79 0.002 99.9
NO, 1307 1264 3.3
at 600 sec HC 1899 100 94.7
co 1.84 0.001 99.9
NO, 1270 1226 3.5

Engine Operation Data

Test Speed Man Vac Power Air Flow, SCFM Intake Air Exhaust Bar,
No. rpom in Hg Hp obs Engine Injected °F in H20 Vac °F in H20 in Hg

2% €O, 5% 0
1 1800 12.6 39.8 65.6 8.1 100 1.2 1100 14.0 29.04

NA: Not Achieved
(1) HC and NOy are ppm, CO is %

(2) CO not within tolerances throughout test
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TABLE B-49, CATALYTIC CONVERTER EFFICIENCY - STEADY-STATE
UNIT A254/0275

Converter Efficiency Data

A/F Sample HC co NO« 02 [eP) Temp.
Ratio Location ppm A ppm A % °F
14.15 Inlet 1999 1.43 1496 0.83 12.89 727
Outlet 525 0.72 39 820
CE % 73.7 49,6 97.4

14.30 Inlet 1899 1.37 1534 0.93 13.02 737
Outlet 25 0.01 193 890
CE % 98.7 99.3 87.4

14.45 Inlet 1824 1.10 1571 0.98 13.02 711
Outlet 75 0.002 661 831
CE % 95.9 99.8 57.9

14,73 Inlet 1649 0.81 1710 1.18 13.02 743
Outlet 65 0.001 1264 853
CE 7 96.1 99.9 26.1

14.87 Inlet 1649 0.73 1710 1.23 12.89 749
Outlet 50 0.002 1038 842
CE % 97.0 99.7 39.3

15.06 Inlet 1499 0.60 1509 1.38 12.63 702
Outlet 75 0.002 1289 754
CE % 95.0 99.7 14.6

15.26 Inlet 1324 0.50 1710 1.58 12.76 738
Outlet 60 0.001 1464 779
CE % 55.2 99.8 14,4

Engine Operation Data

A/F  Speed Man Vac Power _Air Flow, SCFM Intake Air Exhaust Bar.
Ratio Tpm in. Hg Hp obs Engine Injected ‘:g in, H920 Vac °F in., Ho0 in. Hg
14,15 1798 14.5 30.7 55.6 - 99 1,0 1040 8 29.09
14,30 1798 14.5 30,6 55.4 - 100 1.0 1047 8 29,08
14,45 1796 14,5 30.4 55.4 - 100 1.0 1028 8 29.08
14,73 1795 14.5 30.0 55.2 -_ 100 1.0 1040 8 29,07
14,87 1795 14,5 29.8 55.2 _— 100 1.0 1066 8 29.07
15.06 1797 14.6 30.1 54.8 - 101 1.0 1027 8 29.06
15.26 1797 14.6 29,2 54.8 - 102 1.0 1054 8 29.06
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TABLE B-50. CATALYTIC CONVERTER EFFICIENCY - LIGHT-OFF
UNIT A254/0275

Converter Efficiency Data

Time to Test 1 Test 2
Reach 7 Converter Time Converter Time
Reduction Emission(l) Inlet Sec. Inlet Sec.
20 HC 1924 22
co 2.01 21
NO, 1345 30
50 HC 1924 36
Cco 2,01 32
NOy, 1345 NA
80 HC 1924 51
Cco 2.01 46
NO, 1345 NA

Converter Response

Test 1 Test 2

Converter CE Converter CE

Efficiency % Emission In Qut % In Qut %
at 205 sec HC 1999 90 95.5
co 2,04 0.002 99.9
NOx 1320 1270 3.8
at 600 sec HC 1974 75 96,2
co 1.90 0,002 99.9
NO, 1370 1358 0.9

Engine Operation Data

Test Speed Man Vac Power Air Flow, SCFM Intake Air Exhaust Bar.
No. rpm in Hg Hp obs Engine Injected °F in H790 Vac °F in H70 in Hg

2% €0, 5% 02
1 1800 12,9  38.2  64.4 8.9 88 1.1 1060  15.1 29.19

NA: Not Achieved
(1) HC and NOy are ppm, CO is 7%
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Bar.

in, H9Q in, Hg

TABLE B-51. CATALYTIC CONVERTER EFFICIENCY - STEADY-STATE
UNIT A 280/0001 L
Converter Efficiency Data
A/F Sample HC co NOy 02 CO2 Temp.
Ratio Location ppm A ppm Z % °F
14.13 Inlet 2424 1.53 1383 0.78 13.56 727
Outlet 825 0.20 1101 764
CE 7% 66.0 86.9 20.4
14.25 Inlet 2374 1.32 1395 0.73 13.70 749
Outlet 800 0.16 1126 764
CE % 66.3 87.9 19.3
14.46 Inlet 2149 0.99 1433 0.83 13.84 737
Outlet 800 0.14 1176 705
CE % 62.8 85.9 17.9
14,70% Inlet 1874 0.61 1685 0.98 13.98 753
Outlet 225 0.02 1126 694
CE Z 88.0 96.7 33.2
14.87 Inlet 1724 0.48 1710 1.08 13.98 748
Outlet 200 0.01 1289 670
CE Z 88.4 97.9 24,6
15.05 Inlet 1599 0.37 1710 1.25 13.98 756
Outlet 150 0.005 1364 664
CE % 90.6 98.6 20.2
15.25 Inlet 1549 0.31 1697 1.38 13.98 756
Qutlet 150  0.005 1389 665
CE % 90.3 98.4 18.2
Engine Operation Data
A/F  Speed Man Vac Power _Air Flow, SCFM Intake Air Exhaust
Ratio rpm in, Hg Hp obs Engine Injected :E_ in., H20 Vac °F
14,13 1798 17.2 17.6 41.7 2.25 112 0.6 940 4
14.25 1799 17.2 17.7 41.7 2.24 113 0.6 974 4
14.46 1799 17.2 17.5 41,6 2.28 114 0.6 961 4
14.70 1800 17.1 17.6 41.6 2,26 112 0.6 982 4
14,87 1800 17.1 17.6 41.5 2.26 113 0.6 979 4
15.05 1800 17.1 17.2 41.4 2.26 114 0.6 985 4
15.25 1800 17.1 17.1 41,6 2.26 114 0.6 985 4

.C not within tolerances at 14.7 air/fuel ratio
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TABLE B-52, CATALYTIC CONVERTER EFFICIENCY - LIGHT-OFF
UNIT A 280/0001 L

Converter Efficiency Data

Time to Test 1 Test 2
Reach 7% Converter Time Converter Time
Reduction Emission(l) Inlet Sec. Inlet Sec.
20 HC 2674 57
Co 1.99 57
NO, 1685 N/A
50 HC 2674 72
Cco 1.99 78
NO, 1685 N/A
80 HC 2674 110
Co 1.99 93
NO, 1685 N/A

Converter Response

Test 1 Test 2

Converter CE Converter CE

Efficiency % Emission In Qut % In Qut %
at 205 sec HC 2899 300 89.6
co 2.02 0.03 98.5
NO, 1685 1571 6.8
at 600 sec HC 2749 300 89.1
co 2.01 0.02 99.0
NO, 1685 1559 7.5

Engine Operation Data

Test Speed Man Vac Power Air Flow, SCFM Intake Air Exhaust Bar.
No. pm in Hg Hp obs Engine Injected °F in H20 Vac °F in H90 in Hg

2% €O, 5% O3
1 1798  13.1  36.0  63.9 9.31 98 1.1 1066 10.5 29.09

NA: Not Achieved
(1) HC and NOy are ppm, CO is %
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APPENDIX C
BET EQUATION VERSUS RELATIVE PRESSURE
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Figure C-1. Plot of BET equation versus relative pressure for

Converter A180/0094 - Bulk
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PAGE 4 CONVERTER SURFACE AREA ANALYSIS A180/0094 SAMPLE E
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Figure C-2. Plot of BET equation versus relative pressure for
Converter A180/0094 - Front Face
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Figure C-3. Plot of BET equation versus relative pressure for

Converter A180/0094 - Rear Face
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Figure C-4. Plot of BET equation versus relative pressure for
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Figure C-9. Plot of BET equation versus relative pressure for
Converter A218/0045 - Bulk
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PAGE 4 CONVERTER SURFACE AREA ANALYSIS A218/0045 SAMPLE E
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Figure C-10. Plot of BET equation versus relative pressure for

Converter A218/0045 - Front Face
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PAGE 4 CONVERTER SURFACE AREA ANALYSIS A218/0045 SAMPLE G
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Figure C-11. Plot of BET equation versus relative pressure for
Converter A218/0045 - Rear Face
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PAGE 4 CONVERTER SURFACE AREA ANALYSIS A218/0045-X F
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Figure C-12. Plot of BET equation versus relative pressure for
Converter A218/0045X - Bulk
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Figure C-14. Plot of BET equation versus relative pressure for
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Figure C-15. Plot of BET equation versus relative pressure for
Converter A218/0068 - Bulk
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Figure C-16. Plot of BET equation versus relative pressure for
Converter A218/0068 - Front Face
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Figure C-17. Plot of BET equation versus relative pressure for

Converter A218/0068 - Rear Face
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Figure C-18. Plot of BET equation versus relative pressure for
Converter A220/0392-A - Bulk
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Figure C-19. Plot of BET equation versus relative pressure for
Converter A220/0392-A - Front Face
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Figure C-20. Plot of BET equation versus relative pressure for
Converter A220/0392-A - Rear Face

C-21

i

+

.240

+ % & o 0o 4 0 8 & H

+ e » o

4+e s o &« 48 8 o @

+o o 2 & 40 8 o @

L]
L]
-
L
+
.
.
L]



PAGE 4 CONVERTER SURFACE AREA ANALYSIS A220/0392-8  SAMPLE F

+ + +

+

'.lo+|lll+lc-.+l-ol+1l.l+o.|l+0l..+.ll.+|l-.+-.--+o-ll euse 001 aeme BB

.0750

.0875

.0600

0525

XNV[1-X])

.0450

«0375

.0300

.0225

.0150

§I+IIDI+IIII+QIIO+lll.+.ll.+l‘.l+l.!.+-.ll+.

+.l.-+.I'.+'I..+l.-.+l..‘+.l..+'.ll+lQ.I+l‘l' eaesa [ R K}

".0as 075 105 $135 165 185 ~225

.060 .090 420 150 .180 .210
N= 4
coR= ,9994 P/PO

MEAN ST.DEV. REGRESSION LINE AES,MS,
X .,11982 ,08084 X= 3,3348%Y-,00488 122e-7
Yy ,03742 02423 Y= ,29949°X+ ,001517 108E-8

VARIABLE 1 p/PO VERSUS VARIABLE 2 X/V SYMBOL=X

Figure C-21. Plot of BET equation versus relative pressure for
Converter A220/0392-B - Bulk
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Figure C-22. Plot of BET equation versus relative pressure for
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Figure C-23. Plot of BET equation versus relative pressure for

Converter A220/08]10-A - Bulk
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Figure C-24. Plot of BET equation versus relative pressure for
Converter A220/0810-A - Front Face
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Figure C-25. Plot of BET equation versus relative pressure for
Converter A220/081Q-A - Rear Face
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Figure C-26. Plot of BET equation versus relative pressure for
Converter A220/0810-B - Bulk
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Figure C-27. Plot of BET equation versus relative pressure for

Converter A220/0810-B - Front Face

C-23

+

+

240

+-¢¢l+oao.+l-.+-o-+....+....+:§

.
.
.
.
+
L]
.
.
L)
+
.
.
.



PAGE 4

COMVERTER SURFACE AREA AMALYSIS A221/0152-A
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Figure C-28. Plot of BET equation versus relative pressure for

Converter A221/0152-A - Bulk
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Figure C-29. Plot of BET equation versus relative pressure for
Converter A221/0152-A - Front Face
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Figure C-30. Plot of BET equation versus relative pressure for
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Figure C-31. Plot of BET equation versus relative pressure for
Converter A221/0152-B - Bulk
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Figure C-33. Plot of BET equation versus relative pressure for
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Figure C-34. Plot of BET equation versus relative pressure for
Converter A221/0204-A - Front Face
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Figure C-35. Plot of BET equation versus relative pressure for
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Figure C-36. Plot of BET equation versus relative pressure for
Converter A221/0204-B - Bulk

C-37

4+r® 2 2 0 4% % 8 ¢ 42 3 8 2 4= a 2



PAGE 4 CONVERTER SURFACE AREA ANALYSIS A221/0204-8 SAMPLE E

+

+ + +....+....+..I.+.Ill+'.Il+Ill.+ll.I+.-l‘+...' LA NN asse

.1375 +

«1250

. 1125

4+ = o o 0 4o 0 8 0 485 e o

»1000
XN(1-X)

.0875

+o o s o 40 v 0 a

0750

+ o = = o

.0825

.0500

0375

D I L

+. .‘l+.I.l+Il.-+llIl+.l'l+.lll+..I.+..ll*lIII+!'.'+I"I+II-I

%<
L

045 .075 .105 135 165 .185 .225

.060 .090 .120 -150 .180 .210
N= 4
COR= .3999 F/P0

MEAN ST.DEV, REGRESSION LINE RES.MS.
X .11992 ,08084 X= 1,9229%Y-,02114 113E-8
Y 07336 04204 Y= ,52000°X+ .01100 305E-9

VARIABLE 1 P/PO VERSUS VARIABLE 2 X/V SYHBOL=X

Figure C-37. Plot of BET equation versus relative pressure for
Converter A221/0204-B - Front Face
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Plot of BET equation versus relative pressure for
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Figure C-39. Plot of BET equation versus relative pressure for
Converter A221/0447-A - Front Face
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Figure C-40. Plot of BET equation versus relative pressure for
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Figure C-41. Plot of BET equation versus relative pressure for
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Figure C-42. Plot of BET equation versus relative pressure for
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Figure C-43. Plot of BET equation versus relative pressure for
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Figure C-44. Plot of BET equation versus relative pressure for
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Figure C-45. Plot of BET equation versus relative pressure for
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Figure C-46. Plot of BET equation versus relative pressure for
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Figure C-47, Plot of BET equation versus relative pressure for
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Figure C-48. Plot of BET equation versus relative pressure for
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Figure C-49. Plot of BET equation versus relative pressure for
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Figure C-50. Plot of BET equation versus relative pressure for
Converter A230/0636X-A - Rear Face
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Figure C-51. Plot of BET equation versus relative pressure for

Converter A230/0636X-B - Bulk
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Figure C-52. Plot of BET equation versus relative pressure for
Converter A230/0636X-B - Front Face
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Figure C-53. Plot of BET equation versus relative pressure for
Converter A240/0016L-A - Bulk
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Figure C-54. Plot of BET equation versus relative pressure for
Converter A240/0016L-A - Front Face
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Figure C-55. Plot of BET equation versus relative pressure for
Converter A240/0016L-A - Rear Face
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Plot of BET equation versus relative pressure for
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Figure C-57. Plot of BET equation versus relative pressure for
Converter A240/0016L-B - Front Face
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Figure C-58. Plot of BET equation versus relative pressure for
Converter A240/0102-A - Bulk
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Figure C-59. Plot of BET equation versus relative pressure for
Converter A240/0102-A - Front Face
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Figure C-60. Plot of BET equation versus relative pressure for
Converter A240/0102-A - Rear Face
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Figure C-61. Plot of BET equation versus relative pressure for
Converter A240/0102-B - Bulk
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Figure C-62. Plot of BET equation versus relative pressure for
Converter A240/0102-B - Front Face
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Figure C-63. Plot of BET equation versus relative pressure for
Converter A240/0141L-A - Bulk
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Figure C-64. Plot of BET equation versus relative pressure for
Converter A240/0141L-A - Front Face
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Figure C-65. Plot of BET equation versus relative pressure for
Converter A240/014]L-A - Rear Face
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Figure C-67. Plot of BET equation versus relative pressure for
Converter A240/0141L-B - Front Face
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Figure C-68. Plot of BET equation versus relative pressure for
Converter A240/0153-A - Bulk
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Figure C-69. Plot of BET equation versus relative pressure for
Converter A240/0153-A - Front Face
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Figure C-70. Plot of BET equation versus relative pressure for

Converter A240/0153-A - Rear Face
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Figure C-71. Plot of BET equation versus relative pressure for
Converter A240/0153-B - Bulk
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Figure C-72. Plot of BET equation versus relative pressure for
Converter A240/0153-B - Front Face
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Figure C-73. Plot of BET equation versus relative pressure for
Converter A240/0334L-A - Bulk

C-74

lou+|-l.+nnoc+.-.-+.l--+--l-+!ull+¢-|-+-on- seee seee " sves ....+....Y.I

+ s + + +'lll+ll

4% a a s 4o 0o v o Fteo s e 0 o o 0 s 42 6 8 s 40 8 0 s 45 a o s +0o a » = »



PAGE 4

.050

.045

.040

035

X/V(1-X]

.030

.025

.020

015

.010

N= 3

CONVERTER SURFACE AREA AMALYSIS A240/0334L-A  SAMPLE E

llll+llll+l...+lﬁll+l.ll+l.l.+.l.l+lill+liﬂi+lO.ﬂ+llﬂﬂ+l00l+'lll+lll.+ll

+

+ o a a8 & 4o

+* & 2 8 4+ & 0o o 48 0 ¢ ¢ +e o s o
+* o 8 o 48 0o s 0o 48 8 0 »

+8 & » &

s o = &

x
+ & o o

o o 40 0 ¢ 0 0 06 0 8 40 0 8 s $$s 8 %0
4+ » o o

+ + + + +

.o¢+.lIl+ll|-+.|lo+lnll+.ll-+.-nl+t-|o+|o-|+¢¢-l sese seen reve svanTeae

045 .075 .105 .135 .165 .195 «225
.080 .090 .120 150 .180 .210 «240

COR= .9994 P/PO

MEAN

ST.DEV. REGRESSION LIIE RES.MS,

X ,13343 ,09331 X= 5,3153°Y-.01037 196&-7
Y 02705 .01755 Y= ,18792*X+ 00198 G694E-3

VARIABLE

1 P/PO VERSUS VARIABLE 2 X/V SYHNBOL=X

Figure C-74. Plot of BET equation versus relative pressure for

Converter A240/0334L-A - Front Face
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Figure C-75. Plot of BET equation versus relative pressure for
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Figure C-76. Plot of BET equation versus relative pressure for
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Figure C-77. Plot of BET equation versus relative pressure for
Converter A240/0334L-B - Front Face
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Figure C-73. Plot of BET equation versus relative pressure for

Converter A249/0169-1 - Bulk
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Figure C-79. Plot of BET equation versus relative pressure for
Converter A249/0169-1 - Front Face
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Figure C-81. Plot of BET equation versus relative pressure for
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Figure C-82. Plot of BET equation versus relative pressure for

Converter A249/0169-2 - Front Face
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Figure C-83. Plot of BET equation versus relative pressure for
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Figure C-84. Plot of BET equation versus relative pressure for
Converter A249/0169-3-A - Bulk
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Figure C-85. Plot of BET equation versus relative pressure for
Converter A249/0169-3-A - Front Face
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Figure C-86. Plot of BET equation versus relative pressure for

Converter A249/0169-3-A - Rear Face
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Figure C-87. Plot of BET equation versus relative pressure for
Converter A249/0169-3-B - Bulk
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Figure C-88. Plot of BET equation versus relative pressure for
Converter A249/0169-3-B - Front Face
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Figure C-89. Plot of BET equation versus relative pressure for
Converter A280/0001L-A - Bulk
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Figure C-90. Plot of BET equation versus relative pressure for

Converter A280/0001L-A - Front Face
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Figure C-91. Plot of BET equation versus relative pressure for
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Figure C-92. Plot of BET equation versus relative pressure for
Converter A280/0001L-B - Bulk
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Figure C-93. Plot of BET equation versus relative pressure for
Converter A280/0001L-B - Front Face
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Figure C-94. Plot of BET equation versus relative pressure for
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Figure C-95. Plot of BET equation versus relative pressure for
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Figure C-96. Plot of BET equation versus relative pressure for
Converter A155/0941-1-A - Rear Face
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Figure C-97. Plot of BET equation versus relative pressure for
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Figure C-93. Plot of BET equation versus relative pressure for
Converter A155/0941-1-B - Front Face
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Figure C-99. Plot of BET equation versus relative pressure for
Converter A155/0941-2-A - Bulk
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Figure C-100. Plot of BET equation versus relative pressure for
Converter A155/0941-2-A - Front Face
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Figure C-101. Plot of BET equation versus relative pressure for

Converter A155/0941-2-A - Rear Face
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Figure C-102. Plot of BET equation versus relative pressure for
Converter A155/0941-2-B - Bulk
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Figure C-103. Plot of BET equation versus relative pressure for
Converter A155/0941-2-B - Front Face
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Figure C-104. Plot of BET equation versus relative pressure for

Converter A207/0101-A - Bulk
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Figure C-105. Plot of BET equation versus relative pressure for
Converter A207/0101-A - Front Face
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Figure C-106. Plot of BET equation versus relative pressure for
Converter A207/0101-A - Rear Face
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Figure C-107. Plot of BET equation versus relative pressure for
Converter A207/0101-B - Bulk
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Figure C-108. Plot of BET equation versus relative pressure for
Converter A207/0101-B - Front Face
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Figure C-110. Plot of BET equation versus relative pressure for
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APPENDIX D
SCANNING ELECTRON MICROSCOPE MICROGRAPHS AND DOT MAPS
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Figure D-2. Scanning Electron Micrograph at X500 of Converter A180/0094
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Figure D-3. Scanning Electron Micrograph at X2500 of Converter A180/0094

S5AAK

Figure D-4. Scanning Electron Micrograph at X5000 of Converter A180/0094
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NO DOT MAP BECAUSE ELEMENT CONCENTRATION IN SAMPLE
TO LOW FOR ADEQUATE MAPPING

Figure D-5. Aluminum Dot Map at X5000 of Converter A180/0094

ELEMENT: 51 : f180/0094-E

Figure D-6. Silicon Dot Map at X5000 of Converter A180/0094



Lead Dot Map at X5000 of Converter A180/0094

Figure D-7.

Figure D-8. Sulfur Dot Map at X5000 of Converter A180/0094
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Figure D-10. Phosphorus Dot Map at X5000 of Converter A180/0094



VFS = LOG 1 10.240

Figure D-11. SEM/EDX Spectrum of Converter A193/0908

‘A193/0908R€

Figure D-12. Scanning Electron Micrograph at X500 of Converter A193/0908
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Figure D-13. Scanning Electron Micrograph at X2500 of Converter A193/0908
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-,

@98/ 0908R-E

Figure D-14. Scanning Electron Micrograph at X5000 of Converter A193/0908
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Figure D-16. Silicon Dot Map at X5000 of Converter A193/0908
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ELEMENT: PB A122/0908A-E

Figure D-17. Lead Dot Map at X5000 of Converter A193/0908
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" ELEMENT: S A193/0908A-E

Figure D-18. Sulfur Dot Map at X5000 of Converter A193/0908
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ELEMENT: 2N

Figure D-19. Zinc Dot Map at X5000 of Converter A193/0908




NO VISUAL REPRESENTATIVE OF SPECTRUM TAKEN
AT 2500X MAGNIFICATION

Figure D-21. SEM/EDX Spectrum of Converter A218/0045

#606083

Figure D-22. Scanning Electron Micrograph at X500 of Converter A218/0045
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Figure D-24. Scanning Electron Micrograph at X5000 of Converter A218/0045
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NO DOT MAP BECAUSE ELEMENT CONCENTRATION IN SAMPLE
TO LOW FOR ADEQUATE MAPPING

Figure D-25. Aluminum Dot Map at X5000 of Converter A218/0045

2 MICRONS

Figure D-26. Silicon Dot Map at X5000 of Converter A218/0045



Figure D-27. Lead Dot Map at X5000 of Converter A218/0045

Figure D-28. Sulfur Dot Map at X5000 of Converter A218/0045
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Figure D-29. Zinc Dot Map at X5000 of Converter A218/0045




NO VISUAL REPRESENTATIVE OF SPECTRUM TAKEN
AT 2500X MAGNIFICATION

Figure D-31. SEM/EDX Spectrum of Converter A218/0045X

Figure D-32. Scanning Electron Micrograph at X500 of Converter A218/0045X
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Figure D-34. Scanning Electron Micrograph at X5000 of Converter A218/0045X



NO DOT MAP BECAUSE ELEMENT CONCENTRATION IN SAMPLE
TO LOW FOR ADEQUATE MAPPING

Figure D-35. Aluminum Dot Map at X5000 of Converter A218/0045X




Figure D-37. Lead Dot Map at X5000 of Converter A218/0045X

ELEMENT: SU

Figure D-38. Sulfur Dot Map at X5000 of Converter A218/0045X
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-39. Zinc Dot Map at X5000 of Converter A218/0045X

Figure D

Figure D-40. Phosphorus Dot Map at X5000 of Converter A218/0045X
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NO VISUAL REPRESENTATIVE OF SPECTRUM TAKEN
AT 2500X MAGNIFICATION

Figure D-41. SEM/EDX Spectrum of Converter A218/0068

Figure D-42. Scanning Electron Micrograph at X500 of Converter A218/0068
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Figure D-44. Scanning Electron Micrograph at X5000 of Converter A218/0068
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NO DOT MAP BECAUSE ELEMENT CONCENTRATION IN SAMPLE
TO LOW FOR ADEQUATE MAPPING

Figure D-45. Aluminum Dot Map at X5000 of Converter A218/0068

" seoe 2 MICRONS

ELEMENT: SI

Figure D-46. Silicon Dot Map at X5000 of Converter A218/0068
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Figure D-47. Lead Dot Map at X5000 of Converter A218/0068
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Figure D-48. Sulfur Dot Map at X5000 of Converter A218/0068
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Figure D-50. Phosphorus Dot Map at X5000 of Converter A218/0068

D-26
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Figure D-51. SEM/EDX Spectrum of Converter A220/0392

.

A220/0392-A-E

Figure D-52. Scanning Electron Micrograph at X500 of Converter A220/0392
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Figure D-54. Scanning Electron Micrograph at X5000 of Converter A220/0392
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Figure D-56. Silicon Dot Map at X5000 of Converter A220/0392
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Figure D-57. Lead Dot Map at X5000 of Converter A220/0392
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Figure D-58. Sulfur Dot Map at X5000 of Converter A220/0392
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Figure D-60. Phosphorus Dot Map at X5000 of Converter A220/0392
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Figure D-62. Scanning Electron Micrograph at X500 of Converter A220/0810
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Figure D-63. Scanning Electron Micrograph at X2500 of Converter A220/0810
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R226/9816XX1-A~E

Figure D-64. Scanning Electron Micrograph at X5000 of Converter A220/0810
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NO DOT MAP BECAUSE ELEMENT CONCENTRATION IN SAMPLE
TO LOW FOR ADEQUATE MAPPING

Figure D-65. Aluminum Dot Map at X5000 of Converter A220/0810
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Figure D-66. Silicon Dot Map at X5000 of Converter A220/0810
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Figure D-67. Lead Dot Map at X5000 of Converter A220/0810
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ELEMENT: S A220/0810XX1-A-E

Figure D-68. Sulfur Dot Map at X5000 of Converter A220/0810
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ELEMENT: 2N

Figure D-70. Phosphorus Dot Map at X5000 of Converter A220/0810
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Figure D-72. Scanning Electron Micrograph at X500 of Converter A221/0152
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Figure D-73. Scanning Electron Micrograph at X2500 of Converter A221/0152

2 MICRONS

Figure D-74. Scanning Electron Micrograph at X5000 of Converter A221/0152
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ELEMENT: AL A221/8152-A-E

Figure D-75. Aluminum Dot Map at X5000 of Converter A221/0152

Figure D-76. Silicon Dot Map at X5000 of Converter A221/0152
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Figure D-77. Lead Dot Map at X5000 of Converter A221/0152
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ELEMENT: S A221/0152-A~E

Figure D-78. Sulfur Dot Map at X5000 of Converter A221/0152
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ELEMENT: ZN

Figure D-79. Zinc Dot Map at X5000 of Converter A221/0152
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Figure D-80. Phosphorus Dot Map at X5000 of Converter A221/0152
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Figure D-81. SEM/EDX Spectrum of Converter A221/0204
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Figure D-82. Scanning Electron Micrograph at X500 of Converter A221/0204
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Figure D-83. Scanning Electron Micrograph at X2500 of Converter A221/0204

Figure D-84. Scanning Electron Micrograph at X5000 of Converter A221/0204
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NO DOT MAP BECAUSE ELEMENT CONCENTRATION IN SAMPLE
TO LOW FOR ADEQUATE MAPPING

Figure D-85. Aluminum Dot Map at X5000 of Converter A221/0204

Figure D-86. Silicon Dot Map at X5000 of Converter A221/0204
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Figure D-87. Lead Dot Map at X5000 of Converter A221/0204

Figure D-88. Sulfur Dot Map at X5000 of Converter A221/0204
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Figure D-90. Phosphorus Dot Map at X5000 of Converter A221/0204
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Figure D-92. Scanning Electron Micrograph at X500 of Converter A221/0447
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Figure D-93. Scanning Electron Micrograph at X2500 of Converter A221/0447
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Figure D-94. Scanning Electron Micrograph at X5000 of Converter A221/0447
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ELEMENT: AL A221/0447-R-

Figure D-95. Aluminum Dot Map at X5000 of Converter A221/0447

Figure D-96. Silicon Dot Map at X5000 of Converter A221/0447
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Figure D-97. Lead Dot Map at X5000 of Converter A221/0447

Figure D-98. Sulfur Dot Map at X5000 of Converter A221/0447
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Figure D-99. Zinc Dot Map at X5000 of Converter A221/0447

ELEMENY: F

Figure D-100. Phosphorus Dot Map at X5000 of Converter A221/0447
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Figure D-101. SEM/EDX Spectrum of Converter A230/0177X

28 MICRONS. .

230/8177X-A-E

Figure D-102. Scanning Electron Micrograph at X500 of Converter A230/0177X
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Figure D-103. Scanning Electron Micrograph at X2500 of Converter A230/0177X
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Figure D-104. Scanning Electron Micrograph at X5000 of Converter A230/0177X
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ELEMENT:

Figure D-106. Silicon Dot Map at X5000 of Converter A230/0177X
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Figure D-107. Lead Dot Map at X5000 of Converter A230/0177X
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Figure D-108. Sulfur Dot Map at X5000 of Converter A230/0177X
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ELEMENT: 2ZN

Figure D-109. Zinc Dot Map at X5000 of Converter A230/0177X

ELEMENT: P

Figure D-110. Phosphorus Dot Map at X5000 of Converter A230/0177X
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Figure D-112. Scanning Electron Micrograph at X500 of Converter A230/0636X
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Figure D-114. Scanning Electron Micrograph at X5000 of Converter A230/0636X
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ELEMENT: AL A2ER/AEZ6X-A~E

Figure D-115. Aluminum Dot Map at X5000 of Converter A230/0636X
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Figure D-116. Silicon Dot Map at X5000 of Converter A230/0636X
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ELEMENT: PB fA238/0636X-A~E

Figure D-117. Lead Dot Map at X5000 of Converter A230/0636X

Figure D-118. Sulfur Dot Map at X5000 of Converter A230/0636X
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ELEMENT: 2 A23840636X-A-E

Figure D-120. Phosphorus Dot Map at X5000 of Converter A230/0636X
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A240/0016L-RA-E

Figure D-122. Scanning Electron Micrograph at X500 of Converter A240/0016L
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Figure D-124. Scanning Electron Micrograph at X5000 of Converter A240/0016L
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Figure D-125. Aluminum Dot Map at X5000 of Converter A240/0016L
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Figure D-126. Silicon Dot Map at X5000 of Converter A240/0016L
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ELEMENT: PB R240/0816L-A-E

Figure D-127. Lead Dot Map at X5000 of Converter A240/0016L

Figure D-128. Sulfur Dot Map at X5000 of Converter A240/0016L
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Figure D-130. Phosphorus Dot Map at X5000 of Converter A240/0016L
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Figure D-132. Scanning Electron Micrograph at X500 of Converter A240/0102
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5 MICRONS

fA240/0102-A-E

Figure D-133. Scanning Electron Micrograph at X2500 of Converter A240/0102

A240/01082-A-E

Figure D-134. Scanning Electron Micrograph at X5000 of Converter A240/0102
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Figure D-136. Silicon Dot Map at X5000 of Converter A240/0102

D-69



Seee 2 MICRONS

ELEMENT: PB A240/0102-A-E
Figure D-137. Lead Dot Map at X5000 of Converter A240/0102
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Figure D-138. Sulfur Dot Map at X5000 of Converter A240/0102
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Figure D-140. Phosphorus Dot Map at X5000 of Converter A240/0102
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Figure D-142. Scanning Electron Micrograph at X500 of Converter A240/0141L
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Figure D-143. Scanning Electron Micrograph at X2500 of Converter A240/0141L

Figure D-144. Scanning Electron Micrograph at X5000 of Converter A240/0141L
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ELEMENT: AL

Figure D-146. Silicon Dot Map at X5000 of Converter A240/0141L

D-74



2 MICRONZ

ELEMENT: FB

Figure D-147. Lead Dot Map at X5000 of Converter A240/0141L
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ELEMENT: SU

Figure D-148. Sulfur Dot Map at X5000 of Converter A240/0141L
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ELEMENT: :

Figure D-149. Zinc Dot Map at X5000 of Converter A240/0141L
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Figure D-150. Phosphorus Dot Map at X5000 of Converter A240/0141L
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Figure D-152. Scanning Electron Micrograph at X500 of Converter A240/0153
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Figure D-154. Scanning Electron Micrograph at X5000 of Converter A240/0153
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NO DOT MAP BECAUSE ELEMENT CONCENTRATION IN SAMPLE
TO LOW FOR ADEQUATE MAPPING

Figure D-155. Aluminum Dot Map at X5000 of Converter A240/0153
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Figure D-156. Silicon Dot Map at X5000 of Converter A240/0153
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Figure D-157. Lead Dot Map at X5000 of Converter A240/0153

Figure D-158. Sulfur Dot Map at X5000 of Converter A240/0153
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Figure D-160. Phosphorus Dot Map at X5000 of Converter A240/0153
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2.000 VFS = LOG 1 10.240

Figure D-161. SEM/EDX Spectrum of Converter A240/0334L
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Figure D-162. Scanning Electron Micrograph at X500 of Converter A240/0334L
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Figure D-163. Scanning Electron Micrograph at X2500 of Converter A240/0334L
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Figure D-164. Scanning Electron Micrograph at X5000 of Converter A240/0334L
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Figure D-166. Silicon Dot Map at X5000 of Converter A240/0334L
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ELEMENT: PE

Figure D-167. Lead Dot Map at X5000 of Converter A240/0334L
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Figure D-168. Sulfur Dot Map at X5000 of Converter A240/0334L
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Figure D-169. Zinc Dot Map at X5000 of Converter A240/0334L

Figure D-170. Phosphorus Dot Map at X5000 of Converter A240/0334L
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Figure D-172. Scanning Electron Micrograph at X500 of Converter A249/0169-1
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Figure D-173. Scanning Electron Micrograph at X2500 of Converter A249/0169-1
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Figure D-174. Scanning Electron Micrograph at X5000 of Converter A249/0169-1
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Figure D-176. Silicon Dot Map at X5000 of Converter A249/0169-1

D-89



NO DOT MAP BECAUSE ELEMENT CONCENTRATION IN SAMPLE
TO LOW FOR ADEQUATE MAPPING

Figure D-177. Lead Dot Map at X5000 of Converter A249/0169-1

2 MIcrOME
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ELEMENT: 5 R249/08169-1-

Figure D-178. Sulfur Dot Map at X5000 of Converter A249/0169-1
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2 MICRONS (e

ELEMENT: 2N A249/@169- 1~

Figure D-179. Zinc Dot Map at X5000 of Converter A249/0169-1

Figure D-180. Phosphorus Dot Map at X5000 of Converter A249/0169-1
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Figure D-182. Scanning Electron Micrograph at X500 of Converter A249/0169-2
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Figure D-184. Scanning Electron Micrograph at X5000 of Converter A249/0169-2
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NO DOT MAP BECAUSE ELEMENT CONCENTRATION IN SAMPLE
TO LOW FOR ADEQUATE MAPPING

Figure D-185. Aluminum Dot Map at X5000 of Converter A249/0169-2

ELEMENT: 51

Figure D-186. Silicon Dot Map at X5000 of Converter A249/0169-2
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Saaa 2 MICRONS

ELEMENT: FE

Figure D-187. Lead Dot Map at X5000 of Converter A249/0169-2

‘se@e . 2-HICRONS

ELEMENT: SU

Figure D-188. Sulfur Dot Map at X5000 of Converter A249/0169-2
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Figure D-189. Zinc Dot Map at X5000 of Converter A249/0169-2

ZulPRCRONS o
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ELEMENT:

Figure D-190. Phosphorus Dot Map at X5000 of Converter A249/0169-2
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0.0

VFS = LOG 1 10.240

Figure D-191. SEM/EDX Spectrum of Converter A249/0169-3

Figure D-192. Scanning Electron Micrograph at X500 of Converter A249/0169-3
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: A249/0165-3R~E

Figure D-194. Scanning Electron Micrograph at X5000 of Converter A249/0169-3
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5060 2 MICRONS

ELEMENT: AL A249/8169-3R-E

Figure D-195. Aluminum Dot Map at X5000 of Converter A249/0169-3

2 MICRONS

ELEMENT: SI A249/8169-3A-E

Figure D-196. Silicon Dot Map at X5000 of Converter A249/0169-3
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ELEMENT: PP | A249/6169-3R-E .’
- . l

Figure D-197. Lead Dot Map at X5000 of Converter A249/0169-3

Figure D-198. Sulfur Dot Map at X5000 of Converter A249/0169-3
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STagels)

ELEMENT: ZHN

Figure D-199. Zinc Dot Map at X5000 of Converter A249/0169-3

3094 2 MICROMS

Figure D-200. Phosphorus Dot Map at X5000 of Converter A249/0169-3
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@ .00 VFS = LOG 1 10@.240

28070001 L-8+E .

Figure D-202. Scanning Electron Micrograph at X500 of Converter A280/0001L
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Figure D-203. Scanning Electron Micrograph at X2500 of Converter A280/0001L

Figure D-204. Scanning Electron Micrograph at X5000 of Converter A280/0001L
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2 MICRONS

ELEMENT: AL A260/0001L-A-E

Figure D-205. Aluminum Dot Map at X5000 of Converter A280/0001L

. J "
¥

ELEMENT: SF: A280/00@1L-A-E _ 11

Figure D-206. Silicon Dot Map at X5000 of Converter A280/0001L
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2 MICRONS

ELEMENT: PB A280/0081L-A-E

Figure D-207. Lead Dot Map at X5000 of Converter A280/0001L

S008 2 MICRONS____ .

ELEMENT: S ' A280/0001L-A-E

Figure D-208. Sulfur Dot Map at X5000 of Converter A280/0001L
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ELEMENT: F

Figure D-210. Phosphorus Dot Map at X5000 of Converter A280/0001L
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Q.00 VFS = LOG 1 10.240

Figure D-211. SEM/EDX Spectrum of Converter A155/094]-1

~ 1 % ‘
A155/0941~1 -R-E

Figure D-212. Scanning Electron Micrograph at X500 of Converter A155/0941-1
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o nAG: ‘2500 5 MICRONS

37

A155/0941-1-A-E

Figure D-213. Scanning Electron Micrograph at X2500 of Converter A155/0941-1

A1S5/0941-1-A-E

Figure D-214. Scanning Electron Micrograph at X5000 of Converter A155/0941-1
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2 MICRONS

ELEMENT: A155/0941-1-A-E

Figure D-215. Aluminum Dot Map at X5000 of Converter A155/0941-1

2 MICRONS

Figure D-216. Silicon Dot Map at X5000 of Converter A155/0941-1
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2 MICRONS

ELEMENT: PE A155/8941-1-A-E

Figure D-217. Lead Dot Map at X5000 of Converter A155/0941-1

2 MICRONS

ELEMENT: 5 A155/0941-1-A-E

Figure D-218. Sulfur Dot Map at X5000 of Converter A155/0941-1
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! ZEMICRONS

ELEMENT: 2N A155/2941-1-RA-E

Figure D-219. Zinc Dot Map at X5000 of Converter A155/0941-1

Figure D-220. Phosphorus Dot Map at X5000 of Converter A155/0941-1
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0.0 VFS = LOG 1 10.=240

Figure D-222. Scanning Electron Micrograph at X500 of Converter A155/0941-2
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Figure D-224. Scanning Electron Micrograph at X5000 of Converter A155/0941-2
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Figure D-226. Silicon Dot Map at X5000 of Converter A155/0941-2
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CERBNENT: 5 L 0 ArSs, dsgdez-HE

Figure D-228. Sulfur Dot Map at X5000 of Converter A155/0941-2
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ELENENT: ZN

Figure D-230. Phosphorus Dot Map at X5000 of Converter A155/094]-2
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@.000 VFS = LOG 1 10@.240

Figure D-231. SEM/EDX Spectrum of Converter A207/0101

fz2e7/0101-A-E

Figure D-232. Scanning Electron Micrograph at X500 of Converter A207/0101
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fA287/0101-AR-E

Figure D-233. Scanning Electron Micrograph at X2500 of Converter A207/0101

2 MICRONS

fi287/0101-A-E

Figure D-234. Scanning Electron Micrograph at X5000 of Converter A207/0101
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CEEENT: . 5} f207/0101-A-E

Figure D-236. Silicon Dot Map at X5000 of Converter A207/0101
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NO DOT MAP BECAUSE ELEMENT CONCENTRATION IN SAMPLE
TO LOW FOR ADEQUATE MAPPING

Figure D-237. Lead Dot Map at X5000 of Converter A207/0101

NO DOT MAP BECAUSE ELEMENT CONCENTRATION IN SAMPLE
TO LOW FOR ADEQUATE MAPPING

Figure D-238. Sulfur Dot Map at X5000 of Converter A207/0101
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2 MICRONS

e

ELEMENT: 2ZN Aze7/0101-A-E

Figure D-239. Zinc Dot Map at X5000 of Converter A207/0101

Figure D-240. Phosphorus Dot Map at X5000 of Converter A207/0101
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Figure D-242. Scanning Electron Micrograph at X500 of Converter A218/0045X-Rear Face
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5 MICRONS_____

S0R6 2 MICRONS

Figure D-244. Scanning Electron Micrograph at X5000 of Converter A218/0045X-Rear Face
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Figure D-245. Aluminum Dot Map at X5000 of Converter A218/0045X-Rear Face

2 MICRONS

A218/8945K-G

ELEMENT: SI

Figure D-246. Silicon Dot Map at X5000 of Converter A218/0045X-Rear Face
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Seaa 2 MICRONS

ELEMENT: FB

Figure D-247. Lead Dot Map at X5000 of Converter A218/0045X-Rear Face

2 MICRONS

A218/0845%~C

ELEMENT: 5

Figure D-248. Sulfur Dot Map at X5000 of Converter A218/0045X-Rear Face
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MAG: 2 MICRONS

ELEMENT: 2ZH A218/0045X~G

Figure D-249. Zinc Dot Map at X5000 of Converter A218/0045X-Rear Face

BEMENTS P A21B8/0045K=G -

Figure D-250. Phosphorus Dot Map at X5000 of Converter A218/0045X-Rear Face
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Figure D-252. Scanning Electron Micrograph at X500 of Converter A220/0392-Rear Face
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Figure D-253. Scanning Electron Micrograph at X2500 of Converter A220/0392-Rear Face

2 MICRONS

R220./0232-A-G

Figure D-254. Scanning Electron Micrograph at X5000 of Converter A220/0392-Rear Face
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2 MICRONS __..

ELEMENT: SI A228/8392-A-G

Figure D-256. Silicon Dot Map at X5000 of Converter A220/0392-Rear Face
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A220/0292-A~6

Figure D-258. Sulfur Dot Map at X5000 of Converter A220/0392-Rear Face
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Figure D-259. Zinc Dot Map at X5000 of Converter A220/0392-Rear Face

SE o MELREME .

ELEMENT:, &

Figure D-260. Phosphorus Dot Map at X5000 of Converter A220/0392-Rear Face
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A221/0447-A-

Figure D-262. Scanning Electron Micrograph at X500 of Converter A221/0447-Rear Face
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3 MICRONS

R221/0447-H~

Figure D-263. Scanning Electron Micrograph at X2500 of Converter A221/0447-Rear Face

2 MICRONS

A221/6447-A-

Figure D-264. Scanning Electron Micrograph at X5000 of Converter A221/0447-Rear Face
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Figure D-266. Silicon Dot Map at X5000 of Converter A221/0447-Rear Face
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NO DOT MAP BECAUSE ELEMENT CONCENTRATION IN SAMPLE
TO LOW FOR ADEQUATE MAPPING

Figure D-267. Lead Dot Map at X5000 of Converter A221/0447-Rear Face

2 MICRONS

ELEMENT: S A221/0447-A~r

Figure D-268. Sulfur Dot Map at X5000 of Converter A221/0447-Rear Face
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NO DOT MAP BECAUSE ELEMENT CONCENTRATION IN SAMPLE
TO LOW FOR ADEQUATE MAPPING

Figure D-269. Zinc Dot Map at X5000 of Converter A221/0447-Rear Face

‘'seé0 2 MICRONS ______

ELEMENT: P . R221/8447-A-

Figure D-270. Phosphorus Dot Map at X5000 of Converter A221/0447-Rear Face
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A230/6177X-A-G

Figure D-272. Scanning Electron Micrograph at X500 of Converter A230/0177 X-Rear Face
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AZ38/01774-A-G

Figure D-273. Scanning Electron Micrograph at X2500 of Converter A230/0177X-Rear Face

Figure D-274. Scanning Electron Micrograph at X5000 of Converter A230/0177 X-Rear Face
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ECEMENT:; A1 230701 P7H-A=G

Figure D-276. Silicon Dot Map at X5000 of Converter A230/0177X-Rear Face
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NO DOT MAP BECAUSE ELEMENT CONCENTRATION IN SAMPLE
TO LOW FOR ADEQUATE MAPPING

Figure D-277. Lead Dot Map at X5000 of Converter A230/0177X-Rear Face

2 MICRONS

ELEMENT: S

A238/70177X-A-G

Figure D-278. Sulfur Dot Map at X5000 of Converter A230/0177 X-Rear Face
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2 MICRONS

ELEMENT: 2ZN

Saaa 2 MICRONS

—t
3 .k :

Figure D-280. Phosphorus Dot Map at X5000 of Converter A230/0177 X-Rear Face
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Figure D-282. Scanning Electron Micrograph at X500 of Converter A240/0016L-Rear Face
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Azan/a816L-R-G

Figure D-283. Scanning Electron Micrograph at X2500 of Converter A240/0016L-Rear Face

Saaa

Figure D-284. Scanning Electron Micrograph at X5000 of Converter A240/0016L-Rear Face

D-143



Figure D-285. Aluminum Dot Map at X5000 of Converter A240/0016L-Rear Face

' 'sede -, % MICRONS

BLEMENT: 51 A24p/8R16L~A-G

Figure D-286. Silicon Dot Map at X5000 of Converter A240/0016L-Rear Face
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2 MICRONS

ELEMENT: F

Figure D-287. Lead Dot Map at X5000 of Converter A240/0016L-Rear Face

SARG 2 MICRONS
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,‘L ¢

A24p/gRiel~-A-G

Figure D-288. Sulfur Dot Map at X5000 of Converter A240/0016L-Rear Face
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Z MICRONS

ELEMENT: 2N A240/0016L-A-GC

Figure D-289. Zinc Dot Map at X5000 of Converter A240/0016L-Rear Face

Figure D-280. Phosphorus Dot Map at X5000 of Converter A240/0016L-Rear Face
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Figure D-282. Scanning Electron Micrograph at X500 of Converter A249/0169-1-Rear Face
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Figure D-283. Scanning Electron Micrograph at X2500 of Converter A249/0169-1-Rear Face

H243/0169~1~

Figure D-284. Scanning Electron Micrograph at X5000 of Converter A249/0169-1-Rear Face
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Figure D-285. Aluminum Dot Map at X5000 of Converter A249/0169-1-Rear Face

ELEMENT: SI A249/8169-1{~

Figure D-286. Silicon Dot Map at X5000 of Converter A249/0169-1-Rear Face
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NO DOT MAP BECAUSE ELEMENT CONCENTRATION IN SAMPLE
TO LOW FOR ADEQUATE MAPPING

Figure D-287. Lead Dot Map at X5000 of Converter A249/0169-1-Rear Face

MAG: Seea 2 MICRONS

ELEMENT: S A249/8169~1~

Figure D-288. Sulfur Dot Map at X5000 of Converter A249/0169-1-Rear Face
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ELEMENT: 2ZN fA243/0163-1~

Figure D-289. Zinc Dot Map at X5000 of Converter A249/0169-1-Rear Face

ELEMENT: P A249/0169-1-;

Figure D-290. Phosphorus Dot Map at X5000 of Converter A249/0169-1-Rear Face
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APPENDIX E

ELEMENTAL CONCENTRATIONS OF METALS AND POISONS
FOR BULK SAMPLE BY X-RAY FLUORESCENCE



RUM DESCRIPTION:
DATE OF XRAY ANALYSIS:
SAMPLE TYPE: BRIDQUETTE
SITE ID:
MISCELLANEQUS INFO: NONE

N/R

SAMPLE SEQUENCE NG.:
SaMPLE ID: A3/1037-A

ELEMENT

NA
MG
AL
SI
P

S

cL
K

cA
T1
v

CR
MN
FE
co
NI
cu
ZN
SE
BR
SR
MO
CD
SN
SB
BA
CE
PT
PB

D

o X

>x oo

DETN LIM
023111
«224739E-02
« 329626E-01
.47881E-02
« 4224226032
« 225447E~-02
» 110531E-02
« 3S3TLE-03
«.201823E-03
« 185432E-02
« S62%993E-03
«613348E-03
« 36633E-03
«421514E-03
»43145E-03
«S569168E-03
« 4236E~03
»325708E-03
.33713E-03
« 3846862E-02
« S22621E-02
. 9328197E-02
« 1827 16E-03
«1441464E-02
« 643092E-03
- 313732E-03
» 1707 13E-02
» 3333S9E-03
.3711E-03

TOTAL DETECTED BY XRF

MASS %
. 468675E-01
2. 84507
21.7603
15.4452
« 70743
« 307S64E-01
-.433473E-03
« 4322 7E~01
092765
315891
-.492077E-02
« &53832E-02
. 306205E-02
. 130414
. 223638E-~02
2.8533
«16194E-02
.11359212
-. 18104635E-02

- 233834E-02

-.31100%E~02

—. 29844SE-02

« 63P604E-03

. 266082E-02
-.186371E-04

« &P3BZE-OL
378206
119897
. 101251

44,6573

SWRIAC - CONTAMINATED ALTO CATALYITS
07 /25/36

==SIGMA

« 233433E-01
. 133289
1.03%24

« 77329
493443201
« 351848E-02
 27628E-04
«2737S4E-02
477257E-0O2
« 13E9E7E-O1
» JO73VEE-QZ
« 77473S1E-03
. 72523E-0D3
«?146715E~-02
. 2DT7L93E-03
» 142745

« 42026 6E-03
« IBLL4LE-02
» 213346E-02
«117197E-032
» 1560462E-0O3
« 149349E-032
+ 1453746E-03
. IS2194E-03
. 3070P2E-04
A1T7128E-03
044771

» &18404E-0L
« S233B4E-02



RUN DESCRIPTION:
DATE OF XRAY ANALYSIIS:
SAMPLE TYPE:
SITE ID:
MISCELLANEQUS INFO: NONE

N/A

SAMPLE SEQUENCE NO.:

SAMPLE ID:

ELEMENT

NA D

MG
AL
SI
P

S

cL
K

CA
TI
y

CR
MN
FE
co
NI
cu
ZN
SE
BR
SR
MO
CD
SN
SB
BA
CE
PT
PB

X X X X X

>

AB1/0270-1-A
DETN LIM
« 372687E-01

« 301901E-02
. 439037E-01
« O82322E-02
. 48503E-03

« 239103E-02
«131148E-02
«420917E-03
«218119E-03
« 241514E-03
. 826312E-03
« 709378E-03
.S17S24E-03
«485612E-03
« 495259E-03
«667116E-03
» 49635S3E-03
« 393089E-03
«481703E-03
«5146787E-02
« 795027E-02
. 142591E-01
.213101E-03
« 155268E-02
« 6873593E-03
« 683349E-03
« 285613E-02
« 112842E-02
. 1275467E-02

TOTAL DETECTED BY XRF

BRIGUETTE

MASS %
. 429457E~-01
3.43254
21.9392
14,4563
. 682506
197634

-.62423%E-04

« S788P6E-01
. 136238
. 296254

=.677051E-02

«62803YE-02
- 393204E-01
« 234227
« 199022E-02
3.4358
. 488562E-02
« 269934

—+.547093E-02
—.417361E-02
~.121173E-01

. 119187E-08

-.323132E-03

«960191E-02
«4?1175E-03
« 8344366
1.044326
. 292347

1.46033

49.0315

SWRIAC - CONTAMINATED AUTO CATALYSTS
07/725/3&

2-SIGMA

. 374036E-01
172761
1.0786

. 723894

« 349337E~01
« 104244E-01
« 3BPYLSE-0S
«294472E-02
«6PSL672E-02
« 149573E-01
«.437197E-03Z
799916E-02
«237243E-02
«118797E~-01
«416106E-03
« 171903
«SO6LH22E-03
» 135733E-01
« 436607E-02
« 209176E-03
« 608267E-03
.142591E-01
« 37LL32B8E-04
. 128052E-0C
« 366033E-03
« 42T54328E-01
« D32206E-01
. 148192E-01
. 20S437E-01



RUN DESCRIPTICON: SWRIAC — CONTAMINATED AUTO CATALYSTS

DATE OF XRAY ANALYSIS: 07/25/84
SAMPLE TYPE: BRIGUETTE

SITE ID: N/A

MISCELLANEOUS INFQ: NCONE

SAMPLE SEGIUENCE NO.: %

SAMPLE ID: AE7/047%9-2-A

ELEMENT DETN LIM MASS %

NA «234713E-01 . 3AB077E-01
MG « 189003E-02 4.74012

AL «232132E-01 20.322

SI «436612E-02 12,0195

P « 4064E-03 » 606107E-01
= «213721E-02 . 120174

cL X . 10S066E-02 - 226612E-02
K « 3B773SE-03 « 335647E-01
CA . 187277E-02 . 16961

TI « 158309E-03 .101374

v X «914074E-03 « 289P76E-03
CR « 71925E-03 » 3054 22E-01
MN « S2799PE-03 » 172362E-01
FE « 4443842E-03 « 633063

CoO D « 309633E-03 «374511E-03
NI « 274084E-03 «424528E-01
cu . 2574353E-03 . 632336E-02
ZN «25917E-03 « 790621E-01
SE X «261117E-03 . 632373E-04
BR X . 271882E-02 —.485226E-03
SR X +410016E-02 =.3175623E-02
Mo X . 76&378E-02 -.432342E-02
CcD «174147E-03 «36143E-03

SN X » 132399E-02 —. 734997E-03
SB X « SR2908E-03 .161232E-03
BA . 348133E-03 228779E-02
CE « 1396035E-02 « 130967E-01
PT D «713619E-03 » LOZS43ZE-QZ
PB -713973E-03 . 2193

TOTAL DETECTED BY XRF = 44.724%

2-SIGMA
«243741E-01
237935
1.01715
701974
LRO374
PRTESELE-OL
« 152988E-0Q%
« 132744LE-02
«.361447E-02
«S19628E-02
. 2497354E-04
. 2213552E-02
. 001333

« 3L8272E-01
o 136625E-03
c2Z1139E-02
«441243E-03
«40CL0PE-O2
SB1237E-02
« 243044E-C4
« 1SP23E-02
«21&314E-03
. 134452E-03
« S4E49CE-Q2
- 216219E-0Z
«388144E-03
. ealtO1E-02
« 2T74EVE-QT
. 110839E-01



RUN DESCRIPTIDN:

DATE OF XRAY ANALYSIS: Q7/25/8&

SAMPLE TYPE:

SITE ID: N/A

MISCELLANEQUS INFO:

SAMPLE SERUENCE NO. :

SAMPLE ID: A154/03%92-A

ELEMENT

NA
MG
AL
sl
P

s

cL
K

cA
TI
v

CR
MN
FE
co
NI
cu
ZN
SE
ER
SR
MO
cD
SN
SB
EA
CE
PT
PB

X

XK DO X XXX

DETN LIM

. 332801E-01
. 267606E-02
. 374413E-01
« S42682E-02
.455311E-03
«24434E-02

. 12178E-02

. 3892174E-03
«217517€E-03
« 237296E-03
. 816237E-03
. 662026E-03
« 4633533E-03
« 4485546E-03
« SOP297E-03
. 726323E-03
. 520107E-03
« 378102E-03
. 411655E-03
«3442704E-02
. 672382E-02
«119902E-01
. 201431E-03
«153018E-02
. 65867E-03

« 6S9966E-03
« 274423E-02
« 105844E-02
- 110467E-02

TOTAL DETECTED BY XRF

BRIQUETTE

NONE
10

MASS %

« 401736E-01

3.5382

22. 6112

3.6374
1.073861
. 359869
« 173392E-02
«494227E-01
« 772937E-01
« 3335384
. B6P176E-02
« 4640324E-02
. 119479E-01
. 141838
« Q03025

4.11694

E-5

«P10637E-03
« 142387
«147395E-02
« 228128E-02
«3784683E-02
« 3658465E-02
.431437E-03
«319811E-02
. 431285E-03
. 969035
1.03563
« 1222432

545111

49,8319

SWRIAC - CONTAMINATED AUTD CATALYSTS

2-SIGMA
» 320326E-0C
177369
1.13202
« 633055
. 347461E-01
839972E-01
. 11646%E-02
« 2S3033E-Q2
« A00329E-02
« 167393E-01
« AOBBLTE-OZ
. 649799E-02
P722S2E-0Z
. 725258E-02
«S03412E-03
. 205966
. 455359E-04
« 720373E-02
« 1?7676E-02
« 112343E-03
- 123043E-02
« 1199146E-01
« 680437E-04
« 1146457E-02
« 37163E-03
«437691E-01
» D92064LE-01
« 624912E-02
<2741 146E-01



RUN DESCRIPTION: SWRIAC - CONTAMINATEL ALITO
DATE OF XRAY ANALYSIS: 07/25/8&

SAMPLE TYPE: BRIQUETTE

SITE ID: N/A

MISCELLANECLIS INFO: NONE

SAMPLE SERUENCE NO.: 11

SAMPLE ID: Al1S5/0979-1-A

ELEMENT DETN LIM MASS %

NA D « 280253E-01 . 3P9937E-01 +-
MG « 228131E-02 4,32277 +=-
AL « 336337E-01 19,3436 +=
1 «+486124E-02 18.1095 +=
P «441297E-03 . 432202 +~
S . 233934E-02 « 364231E-01 +-
CL X «113032E-02 ~. 26338LE~-02 +-
K «368942E-03 .022071 +-
CA » 176706E-03 . 734042E-01 +—
Tl » 18104646E-03 « 1046434 +=
\% X . 627205E-03 -.495725E-04 +-
CR « 105631E-02 « 37073YE-02 +=
MN «b6613593E-03 «SP13P2E-02 +-=
FE « 649767E-03 « 3209352 +=
cCoO D «347324E-03 «403977E-03 +=
NI «315247E-03 «807585E-02 +-
Cu D « 299434E-03 « 807533E-03 +-
ZN - 301382E-03 . 700924E-01 +-
SE X «334413E-03 -.3313%94E-02 +=
BR X « 3504826E-02 =« 2539¢3TE-02 +=
SR X «S29211E-02 -.227242E-02 +-
MO X « 947405SE-02 —.329934E-03 +-=
chD X « 170147E-03 -.640225E-04 +-
SN D . 12487E-02 «173323E-02 +=
SB D .54411%E-03 c717976E-03 +-
BA .S1374E-03 « 2244674E-02 +-
CE . 222797E-02 1.72424 +-
FT «S41566E-02 214913 +-
FB » 376344E-02 . 214322 +-

TOTAL DETECTELD BY XRF

E-6

45, 6926

CATALYSTS

2-3SIGMA

. 231709E-01
«245124

« 62454

. 706494
«a24291E-01
« S0IZ42E-0OZ
» 177192E-02
«11S02E-02
. 405752E-02
« J42802E-02
« BL42LBE-0S
«6VQ441E-Q2
« lOZ224E-02
- 1462S83E-01
. 1323492E-0Z
« D67 6H42E-03
. 274462E-02
e SSLITELEE-QD
. 252432E-02
«127231E-02
«11495E-0QO3
« 16502vE-Q4
« 2E7LHLRE-Q4
« 77R4L5Z2E-QZ
.343734E-02
LA17332E-Q2
«?06204E-0Q1
«108912E-0O1
. 103332E-01



RUN DESCRIPTION: SWRICZ - CATALYST SAMPLEEZ
DATE OF XRAY ANALYS=[Z: O03/02/%4

SAMPLE TYPE: BRINIETTE

SITE ID: N/A-

MISCELLANECLM: INFCQ: NONE

SAMPLE SEGCUENCE NO.: S

SAMPLE It A16Q/04656-A-A

ELEMENT OETN LIM MASS %

NA . 33324%E-01 121923 +-
MG «312815E-02 3.301357 +=
AL « $44242E-01 12.7421 +=
=1 « S&1827E-02 13.3479 +=
F . 4746F37E-03 3.33037 +=
s X « 2630C18E-02 -. 73338YE-03 +=
cL X « 135031E-02 « 780333E-03 +-=
B «4334432E~-03 - 2204338E-01 +-
caA » 2316353E-03 . DD2095 =
Tl « 221969E-03 « 277492 +-
v X 561709603 -.387702E-02 +=
CR « 699903E-03 - 100021E-01 +-
MN . S01433E-02 « 193972 +=
FE +452102E-02 » 334472 +—
co « 40032LE-03 « 13S502E-02 +-
NI . S24059E-03 2.14683 -
cu « 44 1039E-03 « 743327E-02 +=
ZN « 4315746E-03 « 982537 +—
S5E X « 473F97E-03 -.432525E-02 -
BR X » SAETEVE-O2 -. 4991 RE-QZ +=
SR X «34303E-02 ~. 191267E-01 +=
MO X « 152985E-01 = 426718E-02 +=
cD X « 2263T7E-03 -.4111%%E-04 +—
SN  L7P7EE-02 6F29TTE-OL +=
SB X «S0661E-03 . S0072332E-03 +-
BA «632828E-03 AETIY2E-02 +-
CE c219616E-02 - 605405 +-
PT « LOB&ZE-QC . 221001 +-
PB « 1343461802 2.73808 +-
TOTAL DETECTELD BY XRF 47.23204

E-7

==SIGMA

« 392707E-01
. 176204

. P3P23

. H63382

« 167303

«4103732E-08
.133116E-02
- 270737E-02
« 277358E-01
«139941E-01
» 227032E-03
- 106233E-02
« 1004L2TE-OL
» 1468921E-01
«3146414E-02
» 108511

.&31733E-03
A919467E-01
« 922376E~-02
«<T0l42E-02
« P63246E-03
«213&17E-0Z
« 32374L7E-0ZS
+103122E-0QC
«4447232E-03
«S9S3188E-03
.312777E-01
.0112532

. 132057



RUN DESCRIPTION:
DATE OF XRAY ANALYSIS:
SAMPLE TYPE: BRIQUETTE
N/A

MISCELLANEQUS INFO:

=ITE ID:

SAMPLE SEQUENCE NO.:
A1L0/0656-A-B

SAMPLE ILDn

ELEMENT
NA D
MG

AL

Sl

P

) ¢

S
cL
K
cA

TI

v X
CR
MN
FE
co
NI
cu
ZN
SE
ER
SR
MO
cD
SN
SB
BA
CE
PT
PB

>

3 O X X X X

DETN LIM

. 232432E-01
« 226127E-02
. 332233E-01
«.4283151E-02
. 425735E-03
. 224785E-02
«110201E-02
« 3T2927E-03
« 202607E-03
« 1846394E-02
« 973645E-03
« S6244E-03

. 305048E-03
« 400935E-03
«.327681E-03
« S69936E-03
. 415375E-03
«318071E-03
« 3604927E-03
« 350693E-02
« S29539E-02
« F45944E-02
. 1324792E-03
. 144927E-02
« 64704E-03

» D28842E-03
. 190974E-02
« 3P0935E-02
« P?13P66E-03

oz

NONE
b

TOTAL DETECTED BY XRF =

E-8

/02726

MASS %
< 362361E-01
4.06421
21.3761
16.072
. 213455
»-470793E-03
«210433E-02
«61653YE-01L
. 121581
« 347035
«S86617E-02
. S063522E-02
. 245114E-01
« 258337
. 192241E-02
2.86703
» 110033E-02
- 480049E-01
» 377602E-02
« 299091E-02
. 3267538E-02
«247984E-02
« 102967E-03
. 39E37ZE-0O2
. 215739E-04
« IBT7T7TLE-02
. 6804256
. 250492

. 14423¢%

46.5214

SWRIC2 - CATALYST SAMPLES

2= IGMA

. 2332831E-01
. 204244

1.07004

. 80449

. 114596E-01
«1364352E-02
«140172E-03
«312148E-02
. 621251E-~-02
« 174552E-01
« 360497E-03
«&677319E-03
« 15533PE-0Z
« 1305E7E-01
. 3S6407E-03
. 143451

« I3022Z3E-04
« 247997E-0Z
« 2467S2E-02
« 14990SE~-03
« LLBPLLE-O3
« 124092E-02
« 735137E-04
« 107925E-02
« 316229E-04
«4183541E-03
. 3413342E-01
012699

« 736L82E-02



RUM DESCRIPTION:
DATE OF XRAY ANALYSIS:
SAMPLE TYFE:
SITE ID:
MISCELLANEQOUS INFO:

N/A

SAMPLE SEQLIENCE NO.:
SAMPLE ID: A1460/0636-A-C

ELEMENT

X X

0O > X x X x

>

DETN LIM

« 29430ZE-01
. 23S851E-02
. 343354E-01
. 4999932E-02
. 429234E-03
« 228233E-02
« 112094E-02
« 358847E-03
» 204273E-03
« 1 90666E-03
. D67627E-03
«2S5749E-03
« 372915E-03
« 405471E-03
« 450326E-03
» 623197E-03
«.444117E-03
. 34278E-03
. 380%41E-03
« 372204E-02
¢ S562921E-02
« 100428E-01
. 135738E-03
« 145475E-02
« 64355838E-03
« D364E~-03

« 185994E-02
. 940974E-03
« ?73004E-03

TOTAL DETECTED BY XRF

BRIQUETTE

SWRICZ -

0z

NCONE
7

CATALYST SAMFLES

/08/26

MASS %
«c337912E-01
3.62929

22,9379

E-9

14.37
.6145383
«221775E-02
. 271833E-02
« S9SEPEE-OL
.1741383

. 313043

« BE3BBT7ZE-OZ
« 99600SE~-0QZ
« 47479SE-~01
223714
«211936E-02
3.84753
«3861747E-03
. 104102

« 3874646E-02
« 289524E-02
«321861E-02
« 132495E-02
« 27826 6E-03
« SO2C146E-0Q2
«314534E-032
« S7TQS2E-0Z
. 222457

. 287875

. 177511

47.3208¢&

2~3IGMA

. 2P76S7E-0L
. 182522

1.14316

. 7195358

- 31S307E-01
. 138189E-03
«134417E-032
« S0196SE-02
.324113E-02
Q15757

«424077E-03
« 708515E-03
« 268363E-02
-114251E-01
« 3Y262BE-03
. 1732421

43071 2E-04
. S28151E-02
« 224006E-02
«145151E-02
« 161S32E-03
. ?7143201E-0Q4
. 799701E-04
« 113779E-QZ
e 31164646E-03
«8242732E-03
«422714E~-01
« 145644E-01
« 703237E-02



RUN DESCRIPTION

SWRICZ - CATALY:ST

ODATE OF XRAY ANALYSIS: Q3/0%/84
SAMPLE TYPE: BRIGWIETTE

SITE IR N/A

MISCELLANEQUS INFQ: NONE

SAMPLE SERUENCE NO.: 4

SAMPLE ID: A120/0094

ELEMENT DETN LIM MASE %

NA X . 03571 -. 125577E-01
MG . 28518SE-QC 1.027353

AL «.4S5?21463E-01 36.9361

Sl . 641961E-02 4.25416

P .471393E-03 L3232

5 . 253453E-02 .‘6_09“

cL X . 126724E-02 . 365604E-03
K . 8046861E-03 .5-8166E =01
cA 235377E-03 . 130146

Tl .194 H1E-0 1274329

\ X . SPLP3E-03 ~.327717E-02
CR .S2014ZE-02 . 362076E-02
MN . 3B202PE-03 . 102318E-01
FE «44157E-03 «69T044E-0L
co .S571084E-03 . P2274LE-02
NI . 887584E-03 L. &48608

cu X . 612056E-03 ~.2499S7E-02
N . 428528E-03 . 16154

SE X . SZ0257E-03 -.735117E-02
BR X . 5032349E-02 -.41447%E-02
SR X « 767701E-02 —. 6IS5166E-02
MO X . 1364697E-01 .225157E-04
CD . 210407E-03 .32472E-03
SN « 167116E-02 . 42330SE-0Z
SB D . 735519E-03 . 102883E-02
BA . S41485E-03 .145919E-01
CE . 188233E-02 1.76707

FT «121167E-02 « 262526

PB . 128903E-02 .331977
TOTAL DETECTED BY XRF = 53.245z%

E-10

SAMPLES

2=SIGMA
«P70263E-02

-

S25301E-01

1.8
=1
.33

S074
4028
4523E-01

.1”6 2E-01

“AE 04

00141E -0z

YY)
l64

e
0 - e

S17E-0OZ
2241E-02

2247 AE-OT
4241 31E-02

.31

HB3E-OZ

« 2640324E-0C

79

l\:‘-\.‘

1734E-0C
54-.3"7

. 124%9E-02

»31

7S11E-Q2

295012E-02

. 20

. 327

7231E-03Z
Q3E-03

. 13¢4927E-01
.107313E-0Z

.14

L&EZEE-OC

e S77377E-0Q3

.10
l:ll7
.Oﬁ

l&é

83Z3E-0QZ
1?01E-01

fl’ u g

“EIE ot



RUN DESCRIPTION:
DATE OF XRAY ANALYTIS:
SAMPLE TYPE:
=ITE ID:
MISCELLANECQLEZ INFO:

N/A

SAMPLE SEGUENCE NO.:

SAMPLE 100

ELEMENT

NA
MG
AL
S1
P

s
cL
b

CA
TI
v

CR
MN
FE
co
NI
cu
ZN
SE
BR
SR
MO
cD
SN
5B
EA
CE
PT
PB

D

X 3 2 < > X X

A1932/0908~-A

DETN LIM

- 310352E-01
« 25364CE-02
. 38383SE-01
- 540704E-02
.46142E-03

. 24928E-02

. 123235E-02
. 39439%E-03
. 196147E-03
. 135589E-03
«641736E-03
« 140209E-02
« 736093E~-03
» 768814E-03
« 3B9265E-03
» 344020E-03
« 3466 13E-03
« 37138E-03

«387419E-03
« 414553E-02
62647 1E-02
«111976E-01
. 204126E-03
+ 139203E-02
. bOBLE-O2

» S24466E-03

« 238449E-02
« PS6T1TE-03
« 10053E-02

TOTAL DETECTED BY XRF

BRIGUETTE

NONE

SWRICZ AUTO CATALYZTS
/29726

MAZS %
46421 1E-01

3.77225

24,4371

14,2934
1.542464
. 209802

= 1757646E-02

. 279S528E-01
« 220367

. 108774

« 1596P6E-0Q3
» 8446731E-02
« 343002E-01
466191

» 22608E-03
« 145567E-01
« 106296E-01

« 308553

=, 396003E-02
-.3224L73E-02
-. 330303E-02

« 423469E-02

=, 22876E-04

. 25SS31E-02
« 773417E-04
. 151507E-02

3.137%97

. 248185
. 132233

49.12%91

E-11

2=SIGMA

. 312233E-01
- 1894637
1.2257

. 713754

« 7796T71E-01
-110131E-01
»114671E-0Z
» 147024E-Q2
«114213E-01
. STJ0S1E-02
» 143463TE-04
» 127021E-02
« 230346E-02
« 23T447E-01
« 7471 38E-04
« S83LITE-OT
« 63764E-03
« 154924L5E-01
» 290271E-02
« 161496E-03
. 2646043E-02
«111994E-01
. 110632E-04
s 67342ZE-0QF
« 160781E-0Z
o SOZ4E-03

. 135793

. 125737E-01
» P27041E-0L



RUN DESCRIPTION:
DATE CF XRAY ANALYZIS:
SAMPLE TYPE: BRIQUETTE
SITE ID:
MISCELLANEQUS INFO:

N/A

SAMPLE SEQUENCE NO, :

SAMPLE ID:

ELEMENT

NA
MG
AL
St
P

S

cL
K

cA
TI
y

CR
MN
FE
co
NI
cu
ZN
SE
ER
SR
MO
cD
SN
SB
EA
CE
PT
PB

M =

Lo I 2 4

AL193/0703-B

DETN LIM

. 231039E-01
» 186236E-02
. 282222E-01
- 44315Z2E-02
» 4O6PL2E-03
» 2184456E-02
001055
 SIPL0SE-O3
« 1BA063E-03
. 166188E-03
«S1S1S1E-O3
112892E-02
« 9446367E-03
» 45398E-03
«312673E-03
. 26384E-0C3
« 257302E-03
. 263T27E-02
. 262475E-03
»270881E-02
«407074E-02
« 74261 9E-02
« 17S5025E-03
- 1330S2E-02
. SPPIISE-03
» 47F99VE-03
« 12S099E-02
» 713347E-03
« 720735E-02

TOTAL DETECTED BY XRF

SWRICZ AUTOD CATALYSTS
Q2/29/24

NONE
10

MASS %«
«971649E-01
4.346295
22,0921
17.23%1
. 135877
221512

-, 213222E-02
 SEPE4ZE-CL
. 156037
127724

- 2351465E-03
112347E-01
«1146603E-01
. S34029

-. 163234E-03
LATSZ21E-02
« 340544E-02

1529353

-.740961E-04
-.617204E-03
-.217161E-02
= 268292802
. 667735E-02
. 113247E-02
. 7847 54E-04
« SSOZPVE-0Z
« 2207735E-01
Q09354
1387015

43,6265

2=SIGMA
242701E-01
e 227064
1.105632
 BLIVLD

, TSEFIRE-O2
» LISO7ZE-0L
. L4324FE-Q2

- A TECRE-OL

« 7P37P1E~OC
. &4993TE-QL
. 226336E-04
 173709E-QZ
« 1046732E-0L
. 2687467E-01
« D66272E-04
. FTJEZ2E-QT
« 327297E-03
«74697842E-02
. SB7FOBE-02
« 309158E-04
. LOBB7IE-0Z
- 132233E-03
L22268E-03
. 433435E-02
 PEPLETAE-04
« Z17233E-03
« 2367 13E-0Z
» 7S4293E-0O2

.7435317E-02



RUN DESCRIPTION:
CF XRAY ANALYSIS:
SAMPLE TYFE: BRIQUETTE
=ITE ID:
MISCELLANEQUS INFO: NONE

OATE

N/A

SAMPLE SEQUENCE NO.:
AZ14/04681-A-A

SAMPLE ID:

ELEMENT

NA
MG
AL
S1
P

o

cL
K

cA
TI
v

CR
MN
FE
co
NI
cuy
ZN
SE
ER
SR
MQ
cD
SN
SB
EBA
CE
PT
PB

X

DETN LIM

« 347651E-01
«277321E-02
» 4150326E-01
« D62593E-02
- 446722803
. 242137E-02
. 12064302
. 3854632E-03
v 2247 16E-03
- 190743E-03
27477 1LE-03
. 4947 19E-03
« 328258E-03
« 397175E-03
« S32371E-03
. 309981E-03
. 980801E-03
« 408026E-03
.44710SE-03
« 463338E-02
» 707268E-02
« 126241E-01
« 200567E-03
« 1S90SE-02

« 6P76ITE-03
« SSE2TLE-OT
« 132542E-02
«112244E-02
. 116373E-02

TOTAL DETECTELD BY XRF

SWRICZ

- CATALYST SAMPLES

03/08/26

MASS %
=, 4333P2E-01

2.20424

27. 6342

S. 44432

1.91546

- 025204
-.S512102E-03

. S22692E-01

« 338637

« 218364
=.437725E-02

» 39309 1E-02

« 130424E-01

» 13273%

«6T1732E-02
£.013592

. 1059359E-01

« 3900465
~.307573E-02
= 291234E-02
-.737147E-02
- 3STSVELE-03

AIZVEE-03

«83273ZE-02

« 133021E-02

A28915E-02

1.13537

« 166756

. 7230717

49.746

E-13

-

=-SIGMA

« 347262E-02
.111372
1.38315
4332445

« 265677E-01
- 26S982E-02
. 222734E-04
2946272E-02
«170711E-01
«110367E-01
« J12663E-03
« DEIBIT7E-O3
001025

« B0LLT7E-O2
« 64TIZE-OZ
« 30092

. 311834E-03
« 198398E-01
» 3443561E-02
« 146028E-02
. 37122E-03
. 167882E-04
« 7392273E-04
» 126276E-02
. 343393E-03
« SQI726E-03
«376145E-01
«8S7213E-02
« 372027E-01



RUN D

SCRIFTION:
DATE OF XRAY ANALYS
SAMPLE TYPE: BRIGUETTE
SITE 1D
MISCELLANEOUS INFO:

N/A

SAMPLE SEGUENCE NOQ.:

SAMPLE ID:

ELEMENT

NA
MG
AL
=1
P

(=g

L=

cL
K

CA
TI
v

CR
M
FE
co
NI
cu
ZN
SE
BR
SR
MO
cD
SB
LA
CE
PT
PB

X

>

>

0> > X < X

A214/046321~-A-B

DETN LIM

« 304665E-01
« 242157E-02
. 3S8372E-01
. 0035125
«427432E-03
« 226593E-02
» 111202E-02
. 355403E-02
. 21400SE-03
« 192224E-03
« 936401E-03
« 480538E-03
« 320973E-03
« 267732E-03
«4?403E-03
« 733759E-03
«316645E-03
«3819€1E-0Z
.374727E-03
. 3E8087E-02
« S74864E-02
010232

. 133969E-02
. 152126E-02
» 67236BE-03
« S3V26EE-03
. 173357E-02
« 9S4B45E-03
«P7352LE-03

TOTAL DETECTELD RY XRF

SWRICZ - CATALYST

QS/02/ 24

(=]
Dis

NONE

MASS %4

-. 173024E-01

e
3 . 4—5‘-:\:'2

24.4717
12.5916
. 3087772
«420481E-02

= ?70307E-03

« 708123E-01
» 12653
29123

-.S0923%E-02

«442345E-02
« 343254E-02
« 120337

- 9S9377E-02

S5.07854

=. 1300346E-02

«603964E-01

-. 204289E-02
-.189154E-02
-.2772132E-02
~. 273343E-04
-,.437333E-04

.317198E-02
« P6L5V4E-03
. 418323E-02
. 3950463
« 129652
. 122939

47.7344

E-14

SAMPLES

2-SIGMA

« 156452E-0Z
162519
1.2243%

« 6308648

« 262347E-01
. 220449E-QL
«H2S07E-04
s I07719E-02
. 645247E-02
«1464647E-01
. J22S3TE-0Z
« S46S1SE-0T
« 45944 2E-03
« HESSLE-OL
« I36713E-03
. 254042

. 6S0437E-04
« 310982E-02
« 236366E-02
« 94B296E-04
. 1394462E-02
- 1346811E-0S
. 308187E-04
«.100139E-02
«4435375E-0.2
«462S2BE-0F
. 455433E-01
»670414E-02
. 633527E-OC



RUN DESCRIPTION:
DATE OF XRAY ANALYZSIS:
SAMPLE TYPE:
SITE ID:
MISCELLANEQOUS INFO:

SAMPLE SEMUENCE NO.:

SAMPLE ID:

ELEMENT

NA
MG
AL
S1
P

S

cL
K

CA
TI
v

CR
MN
FE
co
NI
cu
ZN
SE
ER
SR
MO
£D
SN
SB
EA
CE
PT
PB

X

>

> DO > X< x X

AZ14/04681-A-C

DETN LIM

. 284537E-01
« 226B834LE-02
. 336477E-01
. 489967E-02
. 322243E-03
« 224633E-02
» 110042E-02
« 352017E-03
. 20522E-03

. 184354E-03
. 543897E-023
«S11297E-03
+ 342138E-03
» 382417E-02
« 45651 1E-03
« 6446383E-03
« 361676E-03
« 337905E-03
« 34992E-03

» SS3415E-02
. 932398E-02
« 949722E-02
« 13208%7E-03
. 145022E-02
. 634211E-03
. 514878E-02
. 133805E~-02
» P20027E-03
«P13795SE-03

TOTAL DETECTED BY XRF

MASS %

~-. 036704

3.63526
23.32%3
14,1674
. 793698

= 196G6E-02

-, 272358E-02

« 687153E-01
. 125516
317345

~.238797E-02

. ISPBHYE~OZ
»413339E-02
. 147771

«434433E-02
3.89083

. 160351E-03
« 907304E-01

-. 16297E-02
-. 159258E-02
-.212418E-02

«372138E-03
« 363463E-03
. 283474E-02
. 440771E-03
«401907E-02
. 729337

. 102544

. 237932E-01

47.4921

SWRICZ - CATALYST SAMPLES
O/ 02/ 26
BRIQUETTE
N/A
NONE

2-SIGMA

« 3O3PI1E-0O2
« 183679
1.1676%

. 709442
«407399E~01
« 119999E-03
. 135399E-03
. 3472&69E-02
« 640743E-02
» 013972

« 17S236E-02
» 6863B4E-03
«S135144E-03
. 7O2287E-0O2
. S16761E-03
« 194647

. 43635356E-03
. 262191E-02
« 229524E-0Z
. 798271E-04
« 1O&LOZE-Q2
. 949724E-02
. 113923E-03
LP19117E-02
. 29542E-03
« 433403E-03
. 373247E-01
« S34042E-02
« 463015E-0OZ



RUN DESCRIPTION:
DATE OF XRAY ANALYSIS:
SAMPLE TYPE:
SITE ID:
MISCELLANEQUS INFO:

N/A

SAMPLE SEQUENCE NO.:

SAMPLE ID:

ELEMENT

NA
MG
AL
s1
P

cL
K

C

TI
v

CR
MN
FE
co
NI
cu
ZN
SE
ER
SR
MQ
CD
SN
SB
BA
CE
PT
PB

X

>

o O > > X >

A212/004%

DETN LIM

. 3232146E-01
< 258193E-02
« 400967E-01
» S74986E-02
. 450876E-03
« 240201E-02
. 113993E-02
. 38142E-03

. 219873E-03
. 194429E-03
.SP1322E-03
«S33189E-03
. 343006E-03
«421431E-03
. S22974E-03
. 774356E-03
. S44458E-03
. 383334E-03
. 454034E-03
. 432874E-02
«655747E-02
011679

« 19716E-03

« 15621E-02

.68347E-03

« 538744E-03
. 131232E-02
« 1064691E-02
« 112658E-02

TOTAL DETECTED BY XRF

SWRICZ -

BRIGUETTE

Q2/03/86

NONE

1

CATALYST

MASS %

—. 13340%E-01

2.32517
30.9393
?.19204

. 263419
29161
«363601E-04
. 049022

. 104457
22136

-.493653E-02

.434377E-02
. 355078E-02
.115114
. 70019E-02
5.31679

-.2245602E-02

072489

-.686777E-02
-.333317E-02
-.348211E-02
-.438471E-03

« 473602E-032
. &46403E-02
. 712334E-03
«172708E-01
1.4393%
430234
. 143602

SQ0.973

E-16

SAMPLES

==SIGMA
. 145235E-02
». 117355
1.54931
» 460792
01422
» 150122601
. 1139923E-02
« 249933E~02
. 0035262
«111851E-01
. J62264E-02
« SS6SZZE-OT
. 437193E-03
. SE8Y704E-02
« 665PS6E-03
265962
<112311E-03
. 373044E-02
. 323157E-02
« 16811¢6E-0OC
. 174832E-03
. 219458E~-04
22713E-0=
. 13140SE-0OZ
«456216E-03
«119039E-02
. 727997E-01
L 217107E-01
. 762822E-0C



RUN DESCRIPTION:
DATE OF XRAY ANALY3IS:
SAMPLE TYPE:
=ITE ID:
MISCELLANEQUS INFQ:

N/A

SAMPLE SEQUENCE NO,:

SAMPLE ID:

ELEMENT

NA
MG
AL
SI
=

-

~'

cL
K

CA
TI
y

CR
MN
ITE
co
NI
cu
ZN
SE
ER
SR
MO
cD
SN
SB
BA
CE
PT
PB

TOTAL DETECTELD I XRF =

X

T > > » X >

>

AZ212/0045X

DETN LIM

« 318681E-01
« 254776E-02
« 390445E-01
« S57093E-02
. 44584E-02

« 238003E-02
.11737E-02

« 377949E-0.2
«214S41E-03
« 195032E-03
« 379S89E-03
. 978387E-03
«391015E-03
. 4187468E-03
.49671E-03

. 716867E-03
« S06777E-03
« 36775SE-03
« 436552E-03
» 420543E-02
« 63BZS2E-02
«113761E-01
. 175328E-03
« 151437E-02
. 65926%E-03
. S92148E-03
« 19206E-02

« 104234E-02
» 1093020 -02

BRIDUETTE

NONE

MASS %

=. 2534303E-01

2.49786
28.3406
10.2452
. 570158
« 160023

=. 697397E-03

. 050072
. /S349CE-01
233161

=-.401901E-02

« 4446553E-02
« 310004E-02
167472
« 605SB3BE-02
4.350201

=, 709031E-03

» 217728E-01

-.99116%E-02
—. 289904E-0Q2
-. 370233E-02
-.718747E-04

« SO0743E-02
« 723R4E-02
«4932B14E-1 3
. 1714£47E-01
1.23732

. 381944

« 297347

49.4418

E-17

SWRIC2 - CATALYST SAMPLES
08/03/ 26

2-SIGMA

e 2Q23123E-02
. 125977
1.44336

- S13240%9
L2931 232E~-01
« 3SST774E-02
« 44449E-04
« 2SS0462E-Q2
. 490S64E-02
. 1176446E-0Q1
e 277604E-02
« SE4S00E- 3
«BIL18FE—C
«.851S01E-02
. 603S04E-02
. 208216

« 4343557E-04
«4679543E-02
« 30DS747E-Q2

«145328E-032

« 193539238 -02
« 4TPE23E-00
. 713354E-04
«145706E-02
. 374S67E-02
. 128599E-02
«632337E-01
019287

» 1S054E8E-01



RUN CSCRIPTION:
DATE OF XRAY ANALYSIS!
SAMPLE TYPE: BRIMQUETTE
=ITE ID:

N/A

SWRICZ

- CATALYST SAMPLES

02/08/3&

MISCELLANECUS INFQI NONE
SAMPLE SEQUENCE NO.:

SAMPLE 1Ds

ELEMENT

NA
MG
AL
51
P

3

cL
K

CA
TI
y

CR
MN
FE
co
NI
cu
ZN
SE
BR
SR
MO
cD
SN
SB
EA
CE
PT
FB

TOTAL

X

o

Mo KX

A213/006%

DETN LIM

« 360665E-01
« 288735E-02
« 456802E-01
« 4307 15E-02
« 472413E-03
«254194E-02
. 127655E-02
« 409824E-03
« 227620E-03
« 189062E-03
» 9P3581E-03
. 361515E-03
» 36903E-03

«429754E-03
« S53163E-03
« 3489946E-03
« 60427E-03
- 434934E-03
«S21571E-03
«S07131E-02
«773381E-02
. 1382881E-01
. 212145E-03
« 160245E-02
. 673B15E-03
« S30522E-03
. 193332E-02
« 119667E-02
« 130292E-02

OETECTED BY XRF =

MASE %

-, 199125E-01
1.39778
34.5333
5.6922
. 77324
. 341696

-.431565E-03
LA421732E-01
. 166221
156533

-, 470274LE-02
L 49072E-02
« SP0272E-02
. 1002464
. 770S09E-02
6.28326
. 13519LE-02
. 2458469

-.330338E-02

-. 3467742602

-.3.317044E-02

-, 3S87035E-03
. 7343438E-03
« 1604654E-01
. 10596ZE-02
. 175539E-01
1.41024
. 022473
. 766144

52,6363

E-18

===I5MA

. 1S4025E-02
. 071037
1.72823

. 225873

. 397732E-01
. 175107E-01
. 261855E-04
. 216694E-02
» 345473E-02
L 792792E-02
4301 37E-03
» DTEIEZE-OT
« 603443E-02
. 918798E-0C
. 724335E-03
S212294

. S82TOSE-023
. 123863E-01
. 3735421E-02
. 1234379E-02
. 32044E-03
« 1793S2E~04
. 700731E-04
. 193628E-02
. S43735E-03
« 122098E-02
. 213925E~-01
« 2bA32415E-01
.384341E-01



RUN DESCRIPTION:
DATE OF XRAY ANALYSIZ:
SAMPLE TYPE: BRIQUETTE
=ITE ID:
MISCELLANENQUS INFO: NONE
SEQUENCE NO. @
SAMPLE ID: AZ20/03%9Z2-A

SAMPLE

ELEMENT

NA
MG
AL
SI
P

o]

cL
I

CA
TI
y

CR
MN
FE
co
NI
cu
ZN
3E
ER
3R
MO
D
SN
SB
BA
CE
FT
PE

X

N/A

DETN LIM

. 347425E-01
« 2784619E-02
« 430305E-01
« IPTIL4VE-OZ
« 46233FE-03
» 23035Z2E-02
. 123289°E-02
. 400452E-02
«219726E-03
« 2077 39E-03
. 104774E-02
« 100757E-02
.S19735E-02
«474843E-03
«S43871E-03
. 72172Z2E-03
« S30756E-03
«4275S5E-03
« 43229E-03

«A718419E-02
. 720S503E-02
«128071E-01
« 207493E-03
» 1535711E-02
S7H6S52E-03
» 728821E-02
« 336343E-02
«114742E-02
. 1130746E-02

TOTAL DETECTED BY XRF

SWRIC4 AUTDI CATALY:STS
Q=/711/784

MASS %
. 263253E-01
2.02157
31.460357
7.97121
1.38736
THEST L
. 221322E-03
34T VE-CL
= 114247
L23110%

—. 12334624E-01

« 40Z047E-0OZ
« B7QLPZE-OL
135961

=. 116273E-02

4,467625
« 474397E-02
191732

=, LSOZ22E-02
~e 20746463E-02

cA471913E-01
» SE7S0ZE-O2
. 3B764L6E-03
« 215S33E-02
. 724LTTE-03
1.7208&

1.363225

L FTILITE-OL

o
$ 232572

E-19

~==1GMA

- 242017-01
. 102209

1.32171

« 2PT754

« 7O3074E-01
« IBELLSE-O]
1 2S3467E-0OD
« 19207 2E-02
cSES441E-02
. 11464572E-01
. 207 L124E-0C2
. 7SLT701E-OZ
e H3L03LE-DZ
« &FTIICE-0O2
31441 E-04
« 233945

«SSI3YIE-OZ
«FESEZSE~-QOZ
2bH1122E-02
« 1041 12E-02
« 73AH13ELE-OT
« 122099E-01
. 1432974E-032
. 10AS0O1E-Q2
L D2Z2201E-02
» SE3T7132E-01
 7PIILHIE~-OL
S1E2137E-0OD
. 117732E-C1L



RUN DESCRIPTION:
DATE OF XRAY ANALYSIS:
SAMPLE TYFE: EBRICLETTE
<ITE ID:
MIZCELLANEQLIS INFO:

N/A

SAMPLE SERUENCE NO. :

SAMPLE ID:

ELEMENT

NA
MG
AL
N
=

-t

cL
k,

CA
TI
v

CR
MN
FE
co
NI
cu
ZN
SE
BR
=R
MO
o
=N
=B
BA
CE
FT
FE

X > 3 > > 3¢ X

ARZZ0/0Z%2—~

DETN LIM
227133E-01
.ISIQ‘QE oz
2°7771E-01
. 4894235E-02
. 397597E-03
«212474E-02
. 106057E-02
« 342002E-02
. 13514E-02
. 1698285E~-03
« S12032E-03
-111816E-02
LS1041E-032
«A34927E-03
. 312677E-03
« 269383E-0Z
266131E-03
2692LE-03
.3107?35 03
« 281046E-02
«A24221E-02
. 79439SE-02
. 176704E-03
« 13244E~-02
« SPLL0ZE-03
» 47871 3E-03
1PLI221E-02
« 7T0Z97E-03
778447E-03

TOTAL DETECTED RY XRF

NIONE

SWRIC4 AUTOD CATALY:ZTS
/11784

MASS %
11301
2.346263

32. 1652

7. 9842

L PINTLITE-OL
=i o]

. LSS236E-02
« S26465E-01
« 166346

L2031t

« 102047E-02
. LO8345E-01
LOOLTE-OZ
301473
-.124101E-03
« 1S0252E-01
« 224447E-02
. 79924%E-01

-.564144E-02
- 221285E~-02
-.145043E~-02
-.177L£24E-02

A24L621E-03
« BOLA7ZE-OT
. 122509E-03
« 2BLALLE-OL
. S13FIIE-OL
«3GLTED
- ITD0LVE-OL

4L,

ll‘l
[Xx]
[
L

E-20

L=SIGMA
« 28413346E-01
.1192%4
1.460922
. SO0E21
. T723S7E-0OC
. 447L72E-0OL
. 10464382E-02
 2Y71046E-0C
»347773E-Q2
« 102402801
.de“EAE 04
« 173234E-0QZ
. 77402E-02
«1524619E-01
. 7S2364E-04
o SEQLLSE-OT
« 2YAB0E-0O 3
.40 SWEE-OZ
L 277TTDE-QZ
»1102845E-0Q2
./27;7 E-U4

'l

1J1791E—()
.::51~4E 0.z

.IZQqﬁﬁE—OB
S FSITSEE-O2

COSIOIIE-QL
. 174412E-01
L2103 LAE-0D



RUN DESCRIPTION:

DATE 0OF XRAY ANALY:I:Z

ZAMPLE TYPE: BRIGUETTE

SITE ID: N/A

MISCELLANEOUZ INFQ:

SAMPLE SEQUENCE NO.:

SAMFLE ID:

ELEMENT

NA
MG
AL
=1
P

)

-

cL
%

CA
TI
y

CR
MN
FE
£o
NI
cu
ZN
SE
ER
SR
MQ
CD
SN
5B
BA
CE
PT
FB

o

3 O x x

SWRICA AUTO CATALYSTS

0D9/11/724
NONE
2
220/0810-A
DETN LIM MAZE %
. 34424632E-01 . 225344
« 2734446E-02 2.99923
. 041352 26,3731
« DA28479E-OL 10.“045
. 4573594E-03 2.02696
249201E-02 .J4O“°&
1”441“E -0z =, 133821 E-02
« 3PEZRTE-0O3 .lﬁcﬂﬁﬁ
« 217094E-03 . 300151
« 233605E-032 265147
PEIEEE-03 = P64626TE-02
. 1046325E-02 430791E~0QC
« SOD02L6E-03 LETT7IVIE-OL
» S15202E-02 « 492709
«497617E-03 «3252446E-02
« 700694E~-03 3.462124
.S413135E-03 . 3719283E-03
« 360533E-03 « 39930
«A26121E-03 -.143317E-02
ALTTIZE-OL - 2309I%E-Q2

«71212SE-0Z2
. 126647E-01
207032 1E-03
« 15346482E-02
. 7TOPT7IBE-03
« TII2LE-OZ
« 31442602
. 109733E-02
. 113445E-02

TOTAL DETECTED BY XRF

E-21

« 1743257E-01
ATEY4SE-OT
126154E-02
. SA3TOYE-O
.447A3”E 03
1.35463
1.413286
LT 1LE-OL
. 437457

Cl M l._lll‘l

>-2T5MA
L2772
151092
1,22011
. SELITE
L10Z214
L 2727 LT7E-QL
oﬁ?ﬂaqE Q4
A3014ZE-02
.lflfO:E—Ol
<1227 09E-01
« 27S5404E-02
« SESZDTE-QZ
o 7EZIVTHEE-Q2
L O2S10E
 A2L6T703E-03
. 12146872
«S19261E-03
e dnQBZZE-Q1
24935E-02
. 11877E-03
o ASRESLH4E-O2
o 1 2HEAT7E-OL
 SOZO2E-Q2
LA0OI2TEE-OD
 JSTESIE-OZ
LAZLT739E-01
7 1464R2T7E-01
SOST4E-O0
«o20449E-01



RUN DESLCRIPTION:
DATE COF XRAY ANALY=ZI=:
SAMFLE TYFE:
SITE ID%

N/A

BRICQUETTE

SWRICA AUTO CATALYET:
ae/11/7846

MISCELLANEQUS INFO: NONE
SAMPLE SERUENCE NO.:

SAMPLE ID:

ELEMENT

NA
MG
AL
=3

P

cL
K

A
TI
v

R
MN
FE
co
NI
cu
ZN
SE
ER
SR
MO
CD
SN
3B
EA
CE
PT
FB

23 X

»x g

AR20/0210-B

DETN LIM
.233451E-01
. 199292E-02
. 30646P5E-01
«49143246E-0L
«3P79146E-02
. 213317E-0C
. 103273E-02
.3S11381E-0Z
. 1970431E-03
«177147E-03
. S524451E-03
. P8SO07E-OC
«478012E-02
. 447087E-03
« 306P61E-03
< 269402E-03
. 27424E-032
. 220802E-03
« 32706E-02
. 298835E-02
45253%7E-02
« 002444

. 1810SE-02
. 134197E-02
. S70305E-03
. 471S02E-0T
. 1P637E-02
 TT7IZEE-03
B2PT34E-032

TOTAL DETECTED EBY XRF

10

MASS %

. 15119
2.84224%
31.52467%
v,.247%
432979
1.1543
—. 2279SE-0O2
153321

W 1P752

. 202982

« L12497E-02
« 2OE227E~DL
«573064E-0Q2
42393

a 2lA605E-02

« 172825E-01

» 206F08E-02

. 254457
-.546041E-D2

—.Z21Q101E-Q2

- 1243574LE-O2

«217072E-0T

. B3PS LIE-0Z

. STPTLSE-0Z

. H6070PE-04

&26497E-02

. 1323 32E-01

« 36702
. 163971

47.4321

E-22

—

2-SIGMA

. 2SP191E-01
121998
1.5773S

« 39324842

« 2496930 L
- IBO0STE-O1
. 1S3323E-02
e 76P4Z1E-Q2
L010014

. LO2S59E-01
. 746421E-04
« 22091TE-OD
. 726401E-07Z
«213742E-01
«621602E-04
PEPOST7E-QZ
S R2YPVIBEE-OQZ
1277S7E-01
L 2SOSI2E-O
10S24cE~-Q2
P BRETVIE-D
L00=444
146207E-02
S SASZ4AE-OZ
« IZAH4AHLE-O4
LA10421E-02
. 244 313E-02
.124942E-01
. B3SLLPE-O2



AUTO CATALYSTS
Qg/23/2&

RUN DESCRIPTION: ZSWRICS
DATE QF XRAY ANALYSIS:
SAMPLE TYPE: BRIOQUETTE
SITE ID: N/A
MISCELLANEQUS INFC: NONE
SAMPLE SEQUENCE NO.: S
SAMPLE ID: AZ221/0132-A

ELEMENT DETN LIM MASS %

NA X . 342318E-01 .311717E-02
MG . 2802462E-02 2.07629

AL . 424933E-01 25.7634

SI . 582147E-02 13.144¢4

P « 384247E-03 1.6738783

S « 26235CE~-02 . 226814

cL X « 13063E-02 = 62672E-03
K »418622E-03 «31182¢E-C1
cA . 188352E-03 137617

TI « 193616E-03 « 789237E-01
v D . 542059E-03 . 178844E-02
CR « 162387E~-02 . 601594E-02
MN . 769335E-02 113584

FE «873271E-03 « 3814605

Co X «4146037E-03 -, 675334E-04
NI «363611E-03 «113481E-01
cu « 363551E-03 . 139922E-01
ZN « 398741E-023 . 402117

SE X «3341946E-03 -.5135235E-02
ER X «.872537E-02 -.422995E-02
SR X « 717993E-02 -.216%04E-02
MO X . 128477E-01 . 47915E-02
Ch D . 2164561E-02 . 336SS4E-03
=N « 133437E-02 . 72045E-02
5B D » S77062E-03  POPL12SE-03
BA D « D43213E-02 . 1351922E-02
CE . 241493E-02 3.33934

FT « 103567E-02 . 213118

PB « L12523E-02 .S0%%01
TOTAL DETECTED BY XRF = 49,7749

E-23

==SIGMA

. 342329E-01
. 154877
1.23964

» 6584472

. 34779SE-01
. 113726E-01
. IPHLLBE-04
« 163262E-02
. 312673E-02
» 406136E-0C
. 173727E-0Q3
. 102152E-02
637563E-02
. 173342E-01
» 429363E-04
« 74299SE-03
«331633E-03
L020179

« 346713E-0C
L 211973803
« B09902E-0Z
L1225

. S4TE2LIE-04
» 125797E-02
.473072E-02
« 40257E-02
173341

. 158345E-01
«254404E-01



RUN DESCRIPT NG

SWRICZ AUTD CATALYSTS

QE/2S/26

MASS %
«B01?31E-01
4,.33442
22.3374
16.618%
. 133338
, 269431

-, 129323E-02
«401471E-01
,134115
. 104937

-, 338471E-02
.B819073E-02
. 291612E-01
£ 371768

-.338632E-04
« 372734E-02
. 3B2313E-02
. 125486

-. 1905S7E-03

-. £3095SE-02

-.277332E-02

—-. 26928%E-02
. 116S82E-02
. 447009E-03
. 103912E-03
. FOL2TLE-OT
« 2LL4L635E-01
. 4764802E-02

DATE OF XRAY ANALYSIS:
SAMPLE TYPE: BRIQUETTE
SITE ID: N/A
MISCELLANEQUS INFQ: NONE
SAMPLE SERQUENCE NO.: 6
SAMPLE ID: A221/0152-B
ELEMENT DETN LIM

NA . 233082E-01
MG « 187885E~-02
AL « 2836227E-01
= . 44243E-02

P . 403022E-03
= . 2153217E-02
cL X « 106307E-02
K . 342391E-02
CA «192142E-02
TI . 163839E-02
% X .S0S17E-03
CR « 10697%E~02
MN . 493443E-03
FE «429187E-03
Co X .314538E-03
NI « 26438SE-03
Cu . 261334E-03
ZN « 259541E-0C
SE X » 266003E-03
BR X < 274931E-02
SR X » 415037E-02
MO X . 770822E-02
cD « 17633%E-02
SN X . 134571E-02
sB X . S814465E-03
BA D . 474902E-02
CE . 190435E-02
PT < 721136E-02
PB « 726936E-03

TOTAL DETECTED BY XRF

L2791126

43.4419

E-24

+
|

+—

2-SIGMA

. =40275E-01
21762
1.142%
321968

. 354S02ZE-QZ
.013874
.3474654E-04
« 205S27E-02
LAZ4131E-02
. S35077E-0Q2
. 340P62E-04
. 153442E-02
. 192015E-0C
. 187434E-01
. 234303E-04
IT219SE-03
« 3445621E-03
L &I2TETE-O2
623046 1E-02
. 32605E-04
« 137046E-03
. 124734E-02
. LZ1738E-03
. 2427L5E-O2
. 1497467E-03
L 249371E-0O2
« 2724146E-02
L DIVBOZE-OZ
. 1446501E-01



RUN DESCRIPTION:
DATE OF XRAY ANALYZ15:
SAMPLE TYPE:
SITE ID:
MISCELLANEQUS INFQ:

N/A

SAMPLE SEQUENCE NOC. :

SAMPLE 1ID:

ELEMENT

NA
MG
AL
51
P

S

cL
K
cA
TI
V

CR
MN
FE
co
NI
cu
ZN
SE
BR
SR
MO
co
SN
SB
BA
CE
PT
PB

X OO x> X X

A221/0204-A

DETN LIM

. 313373E-01
« 257874E-02
. 378083E-01
» 9160435E-02
« 452743E-03
« 243283E-02
. 122745E-02
« 37204&E-03
. 205472E-03
« 199841E-03
. 606622E-03
.129411E-02
« 62923E-03
« 697464E-03
. 351213E-03
« 307566E-03
» 3456E-03
.447015E-03
. 3F73IPEE-03
. 419652E-02
« 635T706E-02
» 113504E-01
« 203762E-03
. 145821E-02
« 6388B7SE-03
+ DES6LT7E-03
. 226273E-02
. 940828E-02
- 103284E-02

TOTAL DETECTED BY XRF

BRIGUETTE

NCONE

SWRIC2 AUTO CATALYSTE
Q3/28/86

MASS %
. 1364618
4.24317
20.3667
13.0455
2.734326
. 107488
« PSOTEBE-03
L029177
. 402763
.137105

-. 432209E-03

. 8474693E-02
. P1893SE-02
. 376966

-. 179541E-03

. 8390532ZE-02
. 1086438E-01
1.14604%9

-.281317E-02
-. 298594LE~-02
-, 0232%E-02

. 229S91E-02
. 226429E-03
. 211452E-02
. 1¥233E-02
. D90263E-02
2.63474

. 200249

. 353672

45,5274

E-25

2-SIGMA

» 322153E-01
.=13218

1.04475

L 723299

. 14005646

.61074&E-02
. 122837E-02
. 152838E-02
. 20S222E-01
. 6P680PE-02
. 400302E-04
. 845518E-03
. PI2B72E-03
. 190613E-01
« 103071E-02
» S846456E-03
« &P6433E-03
. 280935E-01
« 250326 1E-02
. 14944E-03
 262553E-032
011351

e 46P722E-04
. 44 1388E-0C
. 293431E-02
« 64320V2E-0T
. 132745

. 10202%E-01
. 172272E-01



RUN DESCRIPTION: SWRICE AUTO CATALYSTS

DATE OF XRAY ANALYSIS: 08/28/3&
SAMPLE TYFPE: BRIDUETTE

SITE ID: N/A

MISCELLANECUS INFOQ: NONE

SAMPLE SERUENCE NOD.: 2

SAMPLE ID: AZZ1/0204-H

ELEMENT DETN LIM MASS %

NA « 234703E-01 110724

MG . 12985E-02 4.718c1

AL . 0234782 20,9302

SI . 439878E~-02 17.5959

P «407134E-03 371161

s . 215529E-02 . 283053

cL X . 106249E-Q2 - 166722E-02
K .34147E-03 . 313172E-01
CA . 18722%E-03 . 236131

TI . 17285S2ZE-03 126757

v X . S51092E-03 -. 175542£-03
CR . 105647E-02 . 71998E-02

MN « 43240%E-03 » 870766E-02
FE «429179E-Q3 3746938

co X «301151E-03 —. 3004627E-03
NI « 2529E-03 .4321734E-02
cu . 265856E-03 » 4135525E-02
ZN «293101E-03 » 337015

SE X  272134E-02 -, 293484E-03
BR X « 27779LE-02 -.886304E-03
SR X +4138414E-02 -, 226707802
Mo X « 7467SYE-Q2 -.14203%2E-02
cD « 176327E-03 « 76S03SE-02
SN X . 133393E-02 « 113421E-02
SB X . 000596 . 714656E-04

BA « 433592E-03 . 002314

Ce . 190738E-02 . 2P5341E-01
FT « 724833E-03 « 1774693E-01
£B . 743243%7E-03 » 23777

TOTAL DETECTEDR BRY XRF

45.4515

E-26

2-SIGMA

« 28273301
2362464
1.0475%

. S20793

. 193571E-01
. 144453E-01
« 110235E-03
. 1461992E-QL
»119447E-01
« 64424302
. 13744E-04
« 145049E-0Z
» H33353E-02
« 1902046E-01
« 1343815E-02
» 365914E-03
. 3SP72PE-03
« 178%74E-0C1
. 123423%E-02
.44421E-04
» 113667E~-02
» 745494E-04
. 1230346E-07
» 3SIPLE-Q3
. 137017E-02
« JSPIE-QF

. 234395E-02
. 119247E-02
. 119901E-01



SWRIC3 AUTO CATALYSTS
02/28/36

RUN DESCRIPTION:
ODATE OF XRAY ANALYSIS:
SAMPLE TYPE: BRIRUETTE
SITE ID: N/A
MISCELLANEOQUS INFO: NONE
SAMPLE SEQUENCE NO.: 23

SAMPLE ID: A221/0447-A

ELEMENT DETN LIM MASS %

NA X . 343293E-01 =s 66P095E-01
MG . 281911E-02 3.44077

AL .433122E-01 26. 6022

Sl . 005976 12.4211

P » 493295E-03 . 72337

S « 265165E-02 » 376323

cL X « 132877E-02 -.755075E-03
K « 426254E-03 « 210239E-01
CA » 195251E-03 . 1035734

TI « 200247E-03 «861717E-01
v « 643557E-03 «243156E-02
CR « 162628E-02 . S001S3E~-02
MN . 793444E-03 «131138E-01
FE - 8671469E-02 - 340497

co X . 4212538E-03 -, 138103E-03
NI « 374731E-03 » 601982E-02
cu « 352014E-03 . 916983E-02
ZN « 38S263E-03 « 1935117

SE X . 439454E-03 -.497212E-02
BR X . 481088E~-02 -.384646E-02
SR X « 732698E-02 -.710363E-02
MO X « 121012E-01 «6202746E-02
ch X . 220119E-03 -.457771E-03
SN D » 139192E-02 . 242172E-02
5B X . 612972E-03 « S1P13PE-03
BA D « 972517E-03 . S20727E-0%
CE . 242256E-02 3.34643

PT . 104952E-02 L321818

PB . 114023E-02 . 72276

TOTAL DETECTED BY XRF =

S0.452S

E-27

2-SIGMA

« D24721E-02
. 173083

1.3315%

&T72694

«472657E-01
« 1925146E-01
«47:3421E-04
. 1135181E-02
« S44467E-02
« 442509E-02
» 223643E-02
«P10327E-023
« 154634E-02
172241E-01
« 1OOOP3E-02
. D2945YE-03
. 363747E-03
« ¥83031E-02
« 332071E-02
«192723E-03
. 457Q17E-Q2
. 121049E-01
. 262214E-04
39S 2E-02
« 46646P4E-03
» 3Q220ZE-0T
. 173404

. 162706E-01
« BA2T773E-0L



RUN DESCRIPTION:

SWRICZ AUTO CATALYSTS

DATE OF XRAY ANALYSIS: 08/28/864
SAMPLE TYPE: BRIRBUETTE

SITE IDY N/A

MISCELLANEQUS INFO: NONE

SAMPLE SEQUENCE NO.:

SAMPLE ID: A221/0447-B

ELEMENT DETN LIM MASS Z

NA D «241154E~-01 . 9PP7392E-01
MG . 194744E-02 4.18881

AL . 293916E-01 23.7704

Sl « 4654667E-02 146.04%2

P - 815796E-02 . P193539YE-01
s » 219448E~-02 28794

CL X « 10906ZE~02 - 74446£638E-03
K . 3514674E-03 . 336042E-01
c » 19013%E-03 « P6P609E-01
TI «17132E-03 « 100948

\% X « S13594%E~-03 -.224336E-03
CR . 108811E-02 « 773260E-02
MN .S511273E~-03 «646101E-02
FE » 4446544E~-03 . 384422

Cco X . 310032E~-03 « L63757E-03
NI . 271038E~02 . 38BSETE-02
cu « 258446BE-03 . 141387E-02
ZN . 254996E-03 . 6674468E-01
SE X « 277229E~-03 -.452423E-03
BR X «293117E-02 -.102824E-02
SR X .445115E-02 -. 4353235E-02
MO X « 823074E-02 -.218946E-02
ChD D « 130996E~-03 « S33631E-03
SN X » 13506E-02 . PB6738E-04
SB X « 6005638E~03 -.233293E-03
BA » 480054E-03 « 149517E-02
CE . 192817E-02 « 2919935E-01
PT «731749E-03 « B79781E-02
PB . 77361E-03 « 906157
TOTAL DETECTED BY XRF = 43.7&73

E-28

2-SIGMA
« 245447E-01
. 210347
1.1%90S7
. 203527
- 335435E-0C
« 147954E-01
«47944E-04

- 173434E-02
» 473533E-02
« S152467E-02
«201185E-04
« 102237E-02
. 797015E-03
« 194022E-01
. 535011E-04
« 36307E-03
« 2623202E-032
« 33P012E-02
. 103541E-01
« S20362E-04
« 213264E-03
. LOP5SS7E-03
« 704057E~-04
S4799SE-04
.11671SE-01
« 3ATYSLE-OZ
. 00285

s 727292E-03
« 273977E-01



RUN DESCRIPTION:
DATE OF XRAY ANALYZIZ:

SWRICA4 AUTO CATALYSTS

Q/11/324

SAMPLE TYPE: BRIRUETTE

SITE ID:®

N/A

MISCELLANEOUS INFO: NONE
SAMPLE SEQIJENCE NO. :

SAMPLE 1D:

ELEMENT

NA
MG
AL
sl
p

-

cL
K

cA
TI
v

CR
MN
FE
co
NI
cu
ZN
SE
ER
SR
MO
£D
SN
SB
EA
CE
FT
FB

X

X X XK X

x x

3

AZ220/0177X-A
DETN LIM MASS %
« 330S21E-01 -, 2805366E-01
. 267S532E-02 2. &4772
«411426E-01 22.3127
. S74846E-02 10,9917
. 362323E-02 . P224532
. 248742E-02 . 320564
. 123742E-02 . 270373603
. 3V648E-03 « B673IF7E-01

. 174501E-03
«195013E-03
. 601337E-03
«141401E-02
« 752963E-03
«359433E-03
. 420712E-03
« 369737E-03
» 36573E-03

« 3P2429E-03
« 4224 13E-03
« 445S82E-02
« 57SLHL4E-02
« 120734E-01
« 20S34E-03

» 132104E-02
« 6053467E-03
«S45142E-03
« 223655E-02
. 1029462E~-02
. 103533E-02

TATAL LDETECTED RBRY XRF

173111
« 210444
« 136304E-02
«2131463E-02
A22673E-01L

2.15787

—-. 121321E-02

- 108612E-01
6741 1 PE-02

237423

-«463102E-02
—. 2581 75E-02

—. 301645E-02

« S04 202E-0Z
«491115E-02
 12242E-02
. 196722E-02
«21042SE-02
3.06311

o -
- oS3213

o 3463062

4% DeSS

E-29

2=SIGMA

. 217036E-02
. 132452
1.41732

« STQ7 26

. 369393E-01
. 016954

. 123756E-02
« 337438E-02
. YO464E-02
» 106339E-01
« L2ESHLE-04
« PO722IE-Q3
«271347E-0C
« 108136
 179992E-02
» 733002E-03
«S47017E-02
«119477E-01
. 320497E-02
» 12937 2E-032
1S1332E-032
120741E-01
« DPUEILE-QZ
LA47099E-032
. 143092E-032
. S42VLE9E-QT
. 154235

. 1432445E-01
 1RE2Y9E-01



RIUN DESCRIPTICN:
DATE OF XRAY ANALYSI=Z:
SAMPLE TYFE:
SITE ID:
MISCELLANEQUS INFUQ:

N/A

SAMPLE SEQUENCE NQO.:

SAMPLE IL¢

ELEMENT

NA
MG
AL
=1

E:
cA
TI
v

CR
MN
FE
co
NI
cy
ZN
3E
ER
SR
M@
CD
SN
SB
BA
CE
FT
PE

X

3¢ 3 X X

> >

A2T0/0177X-

LDETN LIM

. 307749E-01
« 24393E-02

. 389354E-01
«S64132E-02
. 454426E~-02
. 241209E-02
. 119381E-02
« 332909E-03
. 192026E-03
« 137618E-03
« 606389E-03
. 12335E-02

. 77S314E-03
« 302422E-03
«411292E-03
. 3629S2E-03
«345315E-03
» 3T20146E-0Z
. 393374E-03
«A07416E-02
614448E-02

» 110044LE-01
« 17734%9E-02
» 1323LE4E-00
«624062E-03
« SAT4PEE-OZ
. 2263467E-02
. FI2T7VE-OT
. 10072E-02

TATAL DETECTED BY XRF

e

BRIDUETTE

NONE

4
B

SWRICE AUTO CATALYSTS

/11756

MARZS %

.l

—. 328962E-01

Pom Lant)
2- L= \:'é-

27.4716

11.3203
375E-01

.26:714

. 134079E-02

LSP2571E-01

W3PESY51IE-OL

NI
- A—\J‘-‘\-ls

. 4465235E-02
« 4L2S02E-OC
. 143337E-01
1.8131¢6
-.926073E-03
« 7I7Z49E-0O2
«213012E-02
«474444E-01

-, 413Q37E~-02
— . Z78CLAE-Q2

» 1635622E-02
«SELTFEE-D2
. 75061 2E-03
.S04414E-0C
L AB7PRLE-O2
ZE198E-QL

Z.373521

E-30

L302191
£ 3337E-01

4%, 5771

2-SIGMA
. A27004E-02
142121
1.47423
. 67172
366112E-
. 19S202E- Ul
. 11%334E-0C
.44?”9- -0
. 4461344E-02
.117272E-01
 2F2T784E-04
21747 1E-03
. 137004E-02
. FOISSE-O1
. 1502335E-02
. S77074E-QOZ
C26T2IE-03
« ZSE0TYE-QL
. 243437E-0OC
13924 LE-QT
- E:L-_l JE 5'34
«110Q6Z2E-Q1
L 191 206E-0Z
. 744L24E~-Q03
. 244024E-04
. 3 ZSC'E Qs
. 14473
1q-;4 E-01
._OE_E-E—Oh



RUN DESCRIPTION:
DATE 0OF XRAY ANALYSIC:
SAMPLE TYPE:

SITE ID: N/A

MISCELLANEQOUS INFQ:

SAMPLE SEQUENCE NUO.:

SAMPLE ID:

ELEMENT

NA
MG
AL

sI

L

RO

CA
TI
y

R
MN
FE
co
NI
cu
ZN
SE
ER
3R
MO
cD
SN
SB
BA
CE
FT
PB

X

X DO X X X X

SWRIC4 AUTO CATALYSTS

Q2/11/26
BRIODUETTE
NONE

11
AZ230/063¢X-A
DETN LIM MASS A
. 317732E-01 -.373334E-01
. 257745E-02 2. 14244
. 395207E-01 27.0945
« 99P083E-02 12.479%
¢ 460723E-03 26TV
« 24676E-02 . 202615

« 1224669E-02
. 3V26ZE-03

. 139964LE-03
« 203455E-03
«611964E-03
«11284678E-02
. 7S3979E-03
« 7264654E-03
. 399177E-03
« 364533E-03
«343841E-03

« IEB992E-03
« 3097 66E-03
«42228E-02

. 65035ZE-02
« 1146337E-01
. 203628E-03
« 13S2732E-02
« IRT7H7RE-03
« S70526E-0Q2
. 228734E~-02
«PVVVELE-Q3
« 1046661E-02

TOTAL RETECTED BY XRF

. 123554E-02
. B3438243E-01
« 136637

. 242909
«H19965E-07
LET72712E-02
« 10246446E-01
1.7248%5

. LOO3ESE-02
« 161319E-01
. 38494E-02
217287
«425752E-02
«267492E-02
.317157E-02
« S04&14E-02
. 274345E-03
« B0563TE-OZ
«437449E-04
« 1346951E-02

2.52219

E-31

. 277404
. 477974

49, 5931

2~SIGMA

. 296607E-02
. 152158
1.35607

. 625095
.441173E-01
. 109429E-01
. 79S093E-04
. 437903E-0C
. 6IT2ITE-OT
. 12SS63E-01
. IDIT7E-04
. 10SS14E-07
.11S733E-02
.894744E-01
. 166143E~03
. 96S443E-03
.61 26S6E-03
. 109363E-01
. 274343E-02
. 134032E-03
. 1S9093E~-02
. 11463464E-01
. 62193SE-04
 SE045LE-03
. 39794L9E-04
. 2064PSE-0F
L 127093

. 014144

. 240335E-01



RUN DESCRIPTION:
DATE OF XRAY ANALYSIS:

SAMPLE TYPE: BRIGUETTE

=ITE ID:
MISCELLANEQUS INFO:

SAMPLE SERUENCE NO.:

SAMPLE Ik

ELEMENT

NA
MG
AL
Sl
P

oL
b

A
TI
Y

CR
MM
FE
co
NI
cu
ZN
SE
ER
SR
MG
D
SN
5B
BA
CE
FT
PE

X

3 W

3 > ¢

- 119302802
» 334542E-02
. 13928346E-03
« 189982E-03
. 6003532ZE-03
. 120177E-02
. 7792L7E-03
«817272E-0Z
. 39BEL29E-03
« 3AR22G5Z2E-03
» 351204E-03
« SE2069E-03
« 404077E~-03
- 41152E-02
LA2144E-02
- 110943E-01
« L¥REO7E-0O3
13417E-02
« HO93BT7T7E-O3
« 23B20SE-03
«2314322E-02
PVLITEE-OS
» 10287E-02

TOTAL DETECTED RBRY XRF

SWRICL4 ALTO CATALYSTS

0%/11/84
N/A
NONE
AZZ0/0&Z46X-E
DETN LIM MASS %A
3083%3E-01 ~.S61724E-01
-a49 0 E 0& ".--.I=;7"1
. 394345E-01 20.9501
«S73083E-02 10,2247
.435141E-03 .332332E—01
241817E-02 =012

-. .--’_'h":'/' PE-OZ

—-—

. SE233SE-01
. BO3BETIE-OL
. 205429
11340ZE-02
 SSE2SE-O2
2FDITPE-02
2.041351%

. 123956E-02
« 709691E-02
. 224309E-02
» 76100SE~O1L
« S70934E-Q2
» 273BESE-OR
.3377in Q3
IET4LE-O2
.B11S71E-03
4TL2TLE-QZ

=.4643001E-03

E-32

.1°°“0ﬁE oz
73593

=
» b abant 1 -.'-\J

. 701232E-01

49,9511

-21GMA
454 04E-02
L l2EERs
1.5433

. S1551
AVIZ2ELE-OD
« 190497501
. oB1IRR2TE~-04
. 424251E-02T
LA1S744E-02
» 103802E~-0O1
. 762007E~04S
LS9 2831E-02
LRSOBITE~-Q2
102313
129167E-03
« SESSEVE-OZ
. 403E07E-07Z
LSBT LEE-OZ
. 231464E-02
 1ZEVEZE-OT
44S33SE-049
LA110972E-Q1
L 1212467 E—ﬁ'

.uu-L:EE 03

« 32403E~ 04
» 2S1347E-0Z
140261
1622 17E-O1
c372144E-0C



RUN DESCRIPTION: 'SWRIC3 AUTO CATALYSTS
DATE OF XRAY ANALYZSIS: 02/29/86

SAMPLE TYPE: BRIQUETTE

SITE ID: N/A

MISCELLANEOLS INFQ: NONE

SAMPLE SERQUENCE NO.: 12

SAMPLE ID: A240/0014L-A

ELEMENT DETN LIM MASS % 2-SIGMA

NA X « 362154E-01 —. 6239543E-01 +- .S856122E-0C
MG . 28864E-02 1.36082 += J491902E-01
AL .451038E-01 33.2023 += 1.6913%

SI « 622234E-02 S.Y4393 += 29333

P « 467319E-03 722276 += J36P221E-01
S « 2513¢65E-02 e 663511 +— J33T217E-01
cL X « 12684E-02 -. 11557%E-02 +- .74021%E~-04
K « 406493E-03 .552377E 01 += 002211

CA « 234747E-03 « 340002E-01 +— .434433E-0C
TI . 18819E-03 181127 += JP14L4LT7E-02
\% X .S15317E-03 -.3514602E-02 += J2624467E-0Z
CR « 744393E-03 « 442132E-02 += JEBTLITE-0S
MN « 35311E-03 « 23354 1E-02 += L449Q22E-0Z
FE « 404376E-02 « 767213E-01 += J397432E-02
co . 98492E-03 .011551 += JBY2304E-0Z
NI . 930034E-03 7.38821 += 32469554

cyu X « 643033E-02 -.2713831E-02 += L 133928E-03
ZN « 43374E-03 133424 += 937023E-02
SE X . 48721E-03 = 3874644E-02 += .340324E-02
BR X . S0244646E-02 =.279343E-02 += .140131E~-023
SR X « 767137E-02 —.73733E-02 +- .3713503E-03=
Mo X 013478 =« 719008E-03 += J3TPV2GE-04
CcD «210281E-02 «142315E-02 += . 143892E-02
SN « 167099E-02 . 320S12E-02 += J1463113E-02
SB D . 74031E-03 «P62741E-03 += 323446E-02
EA « 927&61E-03 « 364214E-02 += J476712E-03
CE « 17303E-02 1.352972 += ,773047E-01
PT «1192132E-02 » 2270322 +— .114024E-01
PB 1267126-02 311273 += 40Q075146E-01

TOTAL DETECTED BY XRF = S3.0444

E-33



RUN DESCRIPTION:
DATE OF XRAY ANALYSIS:
SAMPLE TYPE:

SITE ID: N/A
MISCELLANEOUS INFO: NONE
SAMPLE SEQUENCE NO.:

SAMPLE 1ID:

ELEMENT
NA D
MG
AL
S1
P
S
L X
K
cA
TI
v ooX
CR
MN
FE
Co X
NI
cu
ZN
SE
BR
SR
MC
cD
SN
SB
BA
CE
PT
PB

M I MM

x 0D

AZ40/0016L-

DETN LIM

« 2767354E-01
» 223904E-02
« 366457E-01
« 954897E-02
. 434553E-03
. 232825E-02
«117301E-02
«377621E-03
. 1353732E-03
« 184519E-03
. 600415E-03
«14116E-02

« 642583E-03
« 638B204E-03
« 357374E-03
« 337793E-03
« 3253563E-03
. 319281E~-03
«351034E-03
.371112E-02
« S62535E-02
«101734E-01
. 194338E-03
. 132325E~-02
. S88259E-03
«D21913E-02
« 22419SE-02
. 839954203
« PL22VBE-03

TOTAL DETECTED BY XRF

BRIGUETTE

SWRICZ AUTO CATALYSTS

Q2/29/86

14
B

MASS %
«492793E-01
2.0140%
33.7003
2.54743

. 25815

. 956494

=. 179202E-02

. 931879E-01
. 104363

« 2559435

-.212042E-02

. 100197E-01
« SQ7577E-02
« 237451

. 215077E-03
. 129461

. 1146354E-02
. 14208

-.283007E-02
-.124532E-02

-.238105E-02

. 3BYSV4E-O2
« 100077E-D2
. 179447E-02

-.542137E-04

» I622T2E-02
1.39574
. 164944
413475

43,9672

E-34

2-SIGMA
. 279205E-01
1014324
1.63613
32954
« 1363383E-01
« 481 3E8E-01
. 117574E-03
« 270503E-02
. S35805E-02
« 12904646E-01
« 140364E-03
. 1558529E-02
« 320152E-02
. 120898E-01
. 107313E-03
« 6571146E-02
« 325029E~03
« 716682E-02
« 22977E-02
« 924479E-04
« 117402E-03
010175
« 130812E-032
3S119E-03
« 112749E-032
«436L12E-02
. ?SEO26E-01
«851061E-0C
«207712E-01



RUN DESCRIPTION:
OF XRAY ANALYSIS:
SAMPLE TYPE: BRIDUETTE
SITE IDK
MISCELLANEQUS INFQ:

DATE

SAMPLE SEQUENCE NOQ.:

SAMPLE ID:

ELEMENT

NI
cu
ZN
SE
ER
SR
M@
cD
SN
SB
EA
CE
FT
FEB

X X X X

TOTAL

« 231835E-Q2
«114307E-02
« 3651 25E-03
« 20373ZE-03
« 192719E-03
«J1334E-03

« S10994E-03
« 377024E-03
. 404977E-02
« 436756E-03
JE23512E-03
.474543-03
» 3V1267E-03
« 362442E-03
« 372162E-02
« S716Z2E-02

« L101895E-01
«139174E-03
. LASS9E-O2

« 64993TE-03
« SEBOOYE-03
« 136253E-02
LYIBE24E-03

P73SOZE-O3

CDETECTED BY XRF

SWRICA AUTD CATALY:ZTS:

Ov/11/84

N/A
NONE
7
AZ40/0102-A
DETN LIM MASS %
« 2935S6E-01 127397
« 287422E-02 3.66021
«34A301E-01 21.297
« 4278E4E-02 12.9577
. 425301E-03 2.32471

151871
—.303125E-02
« 204433ZE-01
W« 133322
P 331284
—. 36P0STLE-02
. 763741E-02
. 742073E-02
« 271503
«458127E-02
3.57151
«20777E-02
- 84940838
—. 16S0SE-D2
—. 24299YE-Q2
-.40SS02E-02
—.264427E-02
« 134667E-02
« JS0EZZE~-OC
«582161E-03
«2E780E-0O2
. 1354957
.11

. 2833073

— P e T T
= 45,2232

E-35

«117551

«21S07%E-0O2
« 207707E-0Q3
« 2564V IE-OL
« 731 305E-02
« 1646713E-01
» 2Z32H6TE-OZ
« 108569E-02
« 7OAS42E-O2
«137139E-01
« FTHOIZE~OZ
« 173677

«474635E-02
«287772E-C1
« 22824L6E-0C
«121817E-03
« SOZS4TE-OQ

" —— .-
I QCEPRCHEY = L

. 1335394E-02
«110731E-02
» 4L 2207E-0Q.2
« 3IIZTVE-OT
ATE0S2E-OL
. DT LE-QOZ
« 12E194E-01



RUN DESCRIPTION: SWRIC4 AUTO CATALY:STS
OATE OF XRAY ANALYSIZ: Q9/11/326

SAMPLE TYPE: BRIDUETTE

SITE ID: N/A

MISCELLANEQUS INFQ: NONE

SAMPLE SEGUENCE NGO.: 3

SAMPLE ID: A240/0102-B

ELEMENT DETN LIM MASS %A 2=5IGMA

NA « 263934E-01 1003 += 27329 2E-OL
MG « 214433E-02 2.3608C +— 12861

AL . 034339 32.992% += 1.4632077

<l «S39142E-02 10.464644 +- . 532447S

F . 437336E-02 «B2S7273 +- L3221043E-01
= L 2338146E-02 . 22VE4T +— . 14%Q74LE-0QL
CL X . 115521E-02 -.31907%E-02 +- (219443E-0Z
24 «371149E-02 L ATLZTZE-OL +- J22514ZE-OL
CA . 209SSE-03 L 2212973 +- .11209°E-01
T1 . 203181E-03 292974 +- .147591E-01
\ X «6Q1S34E~-03 . 427171E-03 +— . 264745E-04
CR . 123644E-02 LOo1132% +- . 15841E-0Z
MN « 607022E-03 . 102705E-01 +- . 105415E-0C
FE » 620354E-03 321749 +- L 162996E-01
co X «.346162E-Q3 . 10961E-03 +—- .4346073E-04
NI « 322974E-03 . 382741E-01 +- .ZQZZ7E-0QZ
Cu . 318293E-03 « 266723E-02 +— J35572E-03
ZN « 34623TIE-03 . 40154 += J20133%E-01
SE X «337102E-03 -.2192146E-02 += L 22410%€E-0CZ
BR X . 3545¢4E-02 -.177927E-0Z +- J371519E-04
SR X . 534546E-02 -.3335tE-02 +=~ L 4179IZE-04G
MO % . 9SA312E-02 c319264E-02 +- LPSLS4ZE-OD
D « 192003E-02 » 126093E-02 += L 12E3BLHE-O2
SN X . 147114E-02 « 277731E-03 +- L 1184632E-02
5B X . 631S536E-03 -.3732946E-03 +—- . 137665E-0Q4
RA « SE420L6E-03 «123237E-02 +- L 27P02SE-QZ
CE «227161E-02 1.746703 +— L2P4T41E-0L
FT . 385117E-0Z . 144024 +— JT73LT7Z4E-QL
FB .395071E-03 1S9Oy +- LE127S1E-0C

TOTAL DETECTED BY XRF = S0.235%

E-36



SWRIC4 AUTO CATALYSTS
O9/11/84

RUN DESCRIPTION:
DATE OF XRAY ANALY=IS:
SAMPLE TYPE: BRIRUETTE
SITE ID: N/A
MISCELLANEOLS INFO: NONE
SAMPLE SEQUENCE NO.: 3
SAMPLE ID: AZ40/0141L-A

ELEMENT DETN LIM MASS “ ==31GMA

NA X «321022E-01 e 263224E-01 +—- L 321474E-01
MG 0 294577E-02 1.72321 +- ,POSZ74E-01
AL L377813E-01 27.3967 +- 1.3711S5

Sl . S46117E-02 1_.514“ +- 411374

F .443337E-032 22741 +—- . 20248%27E-01
s 22E8348E-02 .25&01 +- L,1Z2542E-01
cL D . 117745E-02 . DS239VE-OD +— L113725E-Q2
N . 376124E-03 « 354044E~-01 += L 13274&E-0T

CA -22254QE—0° W 7735172E-01 +—= L 401S04E-0O2
TI S0077E-02 207002 +— 010457

v X .4836756—03 -, BEO2IZE-D2 +— L I249357E-032
CR . 724517E-02 « BLZSFIRE-QD +— ([ 7ISO7SE-0Q3
MM .343777E-03 L 23S T7EE-OL +- L 146P77E-02

FE L 394171E-03 . 152458 +—- \77S5207E-0Q2
co . S3404E-02 « 79S7P2E-02 +- 70S?711E-0QZ
NI . B16153E-02 5.71228 +— 27460327

cu X . 371703E-03 -.593513E-03 +— . 344733E-04
ZN « 391772E-02 099077 +- S04772E-0QT
SE X « B163E6LE-03 - 253974E-02 +- 237023TE-OC
BR X . 4204S2E-0Z2 - 23YI14LE-02 +- L 119992E-0Z
SR X . 53TSST7E-02 - 384464ZE-02 += L 17IS4E-OZ
MO X « 113095E-01 - TEELSZE-0OZ += (2947 22E-04
co . 194444E-03 « G227 2HE-DZ +- .1;44_65—0:
N D « 1S9826E-02 28757 1E-02 +—- 124031 E-OCZ
SB X < 71382E-02 »251746E-03 +- .240%07E-QZ
BA «S114624E-02 « JITEOTYE-O2 +— J4ZOSIZE-O7
CE « 1730446E-02 1.32077 +— L AAZ4Z5E-01
T « 106922E-02 . 179094 +=- JP1S422E-02
PB o 1QASL4E-O2 . 149521 +— L 7A771LE-DZ
TOTAL DETECTEDR BY XRF 50.2787

E-37



RUN DESCRIPTION:

SWRIC4 AUTO CTATALYZTS

DATE OF XRAY ANALYSIZ: O%/11/%4
SAMPLE TYPE: BRIDUETTE

=ITE ID: N/A

MISCELLANEQUS INFO: NONE

SAMPLE SERUENCE NO.: &

SAMPLE 1Dt AZ40/0141L-E

ELEMENT DETN LIM MAZS %

NA D « 260451E-01 . 759114E-01
MG «21022E-02 1.81936

AL « 343796E-01 23,972

51 . 3541524E-02 10,6523

P . 437357E-02 177352

= «23252E-02 . 4B273

cL X . 115324E-02 -, 23PI2BE-02
K « 3712E-03 . SS9S18E-01
CA «193172E-03 W BH742336E-01
TI - 1856146E-0G 2446156

v X . S81563E-03 -.213552E-03
LR . 1433244E-02 « 3S0283SE-O2
MN «636424E-03 . 3TV203E~-01
FE « 680417E-03 » 2242328

co X . 368124E-03 . 10470Q4E-03
NI . 325745E-03 . 314352E-01
cu «317618E-03 . 1960%E-02
ZN «.312107E-03 . OSOTAE-OL
SE X . 332107E-03 -, 26644L1E-02
BER X « 3446249E-0C - 19E2L7E-G2
SR X «S521174E-02 -. 1246345E-02
MO X . ?37932E-02 . 323442E-02
Co « 171204E-03 . FOOTITE-D2
SN X . 13695E-02  1754679E-02
SB X «6500453E-02 - 153677E-02
BA . S35194E-02 L Z29SEIE-02
CE . 217307E-02 1.9?232

FT .8711846E-0= 1414324

PR « 2662E7E-03 EP2Y1EE-0]

TOTAL DETECTEL BY XRF

4%v.70%5

E-38

~=SIGMA
« 266453E-01
L P12728E-01
1.4631
 S2372
 PEHEIETE-QZ
. 244979E-01
L LPT7S2PE-Q3
L, 2324124E-00
L2TI217E-OD
1 24144E-01
. 122742E-04
. 1442L2E-OT
e 22G269E-0Q2
L 11925SE-01
«540771E-04
. 1&8217E-02
L 23SPBRE~-02
. SO%49ZE-0Q0
. 2609S1E-02
. PELEOLLE~Q4
LDISLHAE-Q4
o PEEQIEE-OQOD
L1EZ2E9IE-QZ
L 1P1979E-0Z
24221E-03
376L24E-03
LP71673E-01
C2E0TALLE-OZ
~41 22E-OL

o)L

[ 3 S I 1

[ ]

WS



RUN DESCRIPTION:
DATE OF XRAY ANALYSIS:
SAMPLE TYFPE: BRIQUETTE
SITE ID:
MISCELLANECUS INFQ:

N/A

SAMPLE SEGIJENCE NO.:

SAMPLE ID:

ELEMENT

NA
MG
AL
51
P

S

CcL
K

cA
TI
y

CR
MN
FE
co
NI
cu
ZN
SE
ER
SR
MO
CD
SN
SB
EA
CE
FT
PB

X

>

> X X X

AZ40/0153-A

DETN LIM

« 353802E-01
. 28148E-02

« 426562E-01
. SB098ZE-02
. 4483861E-03
. 242903E-02
« 121386E-02
« 388614E-02
« 227766E-03
« 136402E~03
« S26323E-03
« 683544E-03
- 347945E-03
« 39493PE-03
« D63726E-03
«3774S4E-03
« 608327E-03
«42574CE-03
«45431E-03

«4469332E-02
«714S1E-02

«127223E-01
.201112E-03
« 162707E-02
» 724393E-03
« S193BLE-03
« 130673E-02
. 113852E-02

- 1173346E-02

TOTAL DETECTED' BY XRF

SWRICZ AUTO
QE/20/326

NONE

MASS %
« 1687351E-02
1.9232%
27,3774
7.23161
1.40016
« 443404

—.2128604E-03

. 390121E-01
. 336411E-01

« 202195

~.376447E-02

004165
«413336E-01
« 145077
« 761373E-02
&6.380499

=, 73547E-03

« 207731

—.333971E-02
-, 260307E-02
~. 690437E-02
—. 1530463E-02

« 73734E-02
« 662458E-02
» 407202E-03
« 434532E-02
1.4136%

. 193217
LOPLL77

E-39

CATALYSTS

2-SI0GMA

. 353805E-01
« ?7343ZE-01
1.43043

« 3627335

« 708025E-01
« 225439E-01
« JL43S2E-04
« 200697E-0O2
«.432172E-02
«102144E-01
« 26827SE-03
«644315E-02
« 225087E-02
« 738137E-02
« 713407E-0Z
« 340381
«467737E-04
« 104301E-01
. 323BBIE-OZ
« 130527E-02
« 346303E-03
« 76E6199E-04
« ?72332E-04
«132182E-02
. 41537E-03
» S0&146ZE-0OZ
.714211E-01L
. 990205E-O2
. 2P7343E-01



RUN DESCRIPTION:
DATE OF XRAY ANALYSIZS:
SAMPLE TYPE:
SITE I1D:
MISCELLANEQUS INFO:

N/A

SAMPLE SERUENCE NO.:

SAMPLE ID:

ELEMENT

NA
MG
AL

SI

L)

5
L
K

cA
TI
v

2R
MN
FE
co
NI
cu
ZN
SE
BR
SR
MO
CD
SN
5B
BA
CE
PT
PB

TOTAL DETECTED

D

X X ¥ X

> >

A240/01353-B

DETN LIM

. 28117%E-01
«226071E-02
. 366217E-01
. S549771E-02
«424192E-03
. 22651E-02

. 112997E-02
« 364309E-03

. 192382E-03
. 126045E-03
. S33472E-03
« 120281E-02
. S75774E-03
» $23857E-03
« 374773E-03
+40015SE-03

«347078E-03
« 32973E-03

. 343015E-03
« 361029E-02
. 345147E-02
. 984156E-02
« 187424E-03
« 135729E~-02
. S38316E-03
. 522287E-0T
«214237E-02
. 291454E-03
. 374409E-03

AUTD
08/29/86

SWRICZ

BRIQUETTE

NONE

BRY XRF =

MASES %

. 027008
1.82415
33.3138
7.38599
279122

632321

-.232149E-02

» 455235E-01
«PP37SLE-0L
. 208615
«471407E-03
«10773%E-01
-4152384E-01
« 295316

« 735349E-03
677432

« 2786S3E-02
. 149¢

-.2S393E-02
—.200802E-02
—. 290247E-02

. 247733E-02
«350212E-02
» 49644 7E-03

=. 205034E-03

«425421E-02
1.94303
169264
174326

47.258Y

E-40

CATALYSTS

2-SIGMA

. 023206
«P213849E-01
1.66713

. 362472

. 147257E-01
« 319328E-01
. 155141E-03
. 232301E-02
«S122&6E-0C
. 10S357E-01
.329411E-04
« 146883E-02
.255343E-02
« 149633E-01
«2122E-03

« 33V674E-01
« 3314632E-03
« 734473E-02
< 235879E-02
« 100409E-03
«143521E-03
. Y84234E-0L
«14746P1E-02
« ITTTZEE-QT
. POBIITE-OZ
« 49832YE-03
. ?33474E-01
- S62ZLSE-OL

2B7PH1E-02



RUN DESCRIPTION?
DATE OF XRAY ANALYSIS:

SWRIC2 AUTO CATALYSTS

02/29/86

SAMPLE TYPE: BRIGIUETTE

SITE ID:

N/A

MISCELLANEOUS INFO: NONE
SAMPLE SENQUENCE NG, :
ARZ40/0324L-A

TAMPLE 1D:

ELEMENT

NA
MG
AL
31
p

5

cL
K

CA
TI
Y

R
MN
FE
co
NI
cu
ZN
SE
ER
SR
MO
D
SN
5B
BA
CE
PT
PB

TOTAL DETECTED

X

> 3¢ X X X<

>

DETN LIM

» 034432

« 2727S8E-02
. 423176E-01
« 99602TE-02
. 44923E-03

« 240023E-02
. 119703E-02
- 3B2507E-03
» 21620SE-03
» 182232E-02
« 497359E-03
» 703889E-03
« 304914E-03
« 379182€£-03
. 970167E~03
» 949342E-03
. 640299E-03
« 413524E-03
.451979E-03
« 459275E-02
« 675543E-02
« 123379E-01
« 197779E-03
» 155472E-02
« 700916E-03
. SO2904E-03
«172433E-02
. 117264E-02
. 115726E-02

BY XRF

17

MASS %

« 2144672E-01
1.6022
33.0431

&. 20453

. 334413
41414

-.2156108E-02

. 3VE04L5E~-0L
« D2P62HE-0L
. 195933

« 373511E-02
« 387345E-02
. 379082E-02
« P76253E-01
« 128262E-01
7.88637

-.404734E-02

E-41

«460237E-01
« 34255E-02

«220671E-02
- 250404E-02
« 720S28E-03
« 122263E-03
« 733498E~-02
« 263023E-03
.474117E-02
1.44107

A0 2
- .:.4-#23-.'

191413

£2.1107

2-SIGMA

« 17097E-02
. 2812875E-01
1.6353282

. 31464683
017514

- 310489E-01
« 14274E-03
« 203T2LE-0O2
. 273731E-02
«P9022E~-02
« 265S14E-02
«610774E-02
«453814E-02
. S00527E-02
. 745873E-03
« 394458
«20241E-03
. 2842173E-02
« 265262E-02
. 11318CE-02
. 1257463E-03
» J6064LSE-04
. 413307E-04
«161277E-02
«326943E-03
. 925487E-03
. 728237E-01
«114142E-01
. P7332SE-Q2



RUN DESCRIPTION:
DATE OF XRAY ANALYSISH
SAMPLE TYPE: BRIGUETTE
=ITE ID:
MISCELLANEQUS INFO: NONE

N/A

SAMPLE SEQUENCE NO.:

SAMPLE 1ID:

ELEMENT

NA
MG
AL
S1
P

S

cL
K

CA
Tl
y

CR
MN
FE
co
NI
cu
ZN
SE
BR
SR
MQ
co
SN
SB
EA
CE
PT
PB

X

X 3 O X 2 > X

A240/0324L-B

DETN LIM

« 263131E-01
«212161E-02
« 34676BE-01
» S33F025E-02
« 429227E-03
. 22774E-02

. 112878E-02
« 362967E-02
. 130S32E-03
« 186241E-02
« 393548E-03
. 141382E-02
«630193E-03
« 6S3007E-023
. 360876E-03
. 33159SE-03
. 313553E-03
« 301205E-03
« 328797E-03
« 34081E-02

. 9127942E-02
. P2337E-02

. 187172E-03
. 128B6SE-02
«S71742E-03
« S514976E-03
. 220441E-02
« BL2548E-02
. 34929E-03

TOTAL DETECTED BY XRF

SWRIC3 AUTO CATALYSTSE
Q2/29/24

MASS %

-, 825434E-02

2. 29066
33.1308
F.6L6129
« SS0477E-01
. 4582467

—. 283206E-02

. 3446449E-01
. 743951E-01
« 266890

. 258892E~-02
. 2251932E-02
« 34555E-02
. 236667

« 227F67E-03
. 13483

. 9970SE-03
. 227661E-01

-. 210254E-02
-.167859E-02
-.?36347E-04

» 231052E-02
. 2BL306E-03
» PEZOLTE-OS

- 101922E-03

» S48C08E-02
1.39332
. 1546223
. 477504E-01

42.5014

E-42

2=SIGMA

. 654374E~-02
« 113707
1.63764
42423

. 347531E-02
. 02227

« 192902E-02
. 0022

. 2ITH622E-0C
« 134513E-01
. 160138E-03
. 140599E-0L
. 794723E-03
. 120501E-01
«113122E-03
« 633747E-02
. 310?205E~03
- 122574E-02
. 17R624E-02
- 340952E-04
. D0466PE-02
« P28942E-02
« 1254532E-03
. 2PT4SLE-QT
. 250232E-02
«417033E-03
» IT6TO0ZE-0L
« S00SLEE-OL
o 2634467E-02



SWRICZ - CATALYST SAMPLES

QR/02/86

RUN DESCRIPTION:
DIATE OF XRAY ANALYZIS:
SAMPLE TYPE: BRIQUETTE
SITE ID: N/A

MISCELLANECQLIS INFQO: NONE
SAMPLE SEQUENCE NO.: 11t

SAMPLE ID: AZ49/0169-1

ELEMENT DETN LIM MASS %

NA X . 295027E-01 -.351393E-02 +-
MG « 28Q0209E-02 4,04499 +=
AL « 362187E-01 22,9335 +-
=1 » S21227E-02 135. 46424 +-
P 4517735E-03 LAP7334 +=
) » 280979E-02 » 134015 +=
cL X 001192 -. 1P3337E-02 +—
K « S83322E-03 . 252099E-01 +-
CA « 195241E-03 « 100061 +-
TI . 184247E-032 . 2732391E-01 +-
\% X « 54S006E-03 -.45S3955E-03 +-
R » 908299E-03 « 33055YE-O2 +-
MN «.637111E-03 « 202331E-01 +-
FE » 678945E-03 « 414405 +—
Co X . 3717S8E-03 - 130249E-03 +-
NI « 3196528E-02 . 297073E-01 +-
cu » 30B662E-03 «379951E-02 +-
IN «S19298E-03 « 901104E-0Q1 +-
SE X 39347 1E-03 -.774774E-02 +-
BR X . 384912E-02 -.3835107E-0Z2 +-
SR X «S83657E-02 -.395722E-02 +-
MQ X « 1045946E-01 . 137097E-02 +-
Ch B « 197S72E-03 « 267366E-03 +=
SN D . 137874E-02 »2B11146E-0L +—
SB X . 600183E-03 . S21456E-02 +-
BA D <S1314%E-03 « 121376E-02 +-
CE - 215126E-02 1.915 +-
PT . 905307E-03 « 498352 +-
FB . 977343E-03 . 309774 +=
TOTAL DETECTED BY XRF 44,7756

E-43

==-SIGMA

« 2723833E-03
. 203244
1.147%94

. 783483
LO25632

» 7323BBBE-0Z
127 135SE-03
. 133457E-0C
«o14343E-0Z
« 4473592E~0C
« SOS326E-04
« 101557E-02
« 133693E-02
« 209434E-01
«?72012E-04
. 2093542E-02
« 3B2932E-03
«4S7161E-02
. 331354E-0Q2
« 1P2944E-03
. 1P2474E-03
. 1045S92E-01
. I7033E-Q4
. PEOB7SE-OS
« 438432E-032
« 3BBT7IRE-OZ
LFLTRLLE-DL
«2502812E-01
«1536125E-01



RUN DESCRIPTION:
DATE OF XRAY ANALYZIS:
SAMPLE TYPE:
SITE IDs
MISCELLANEQOUS INFC: NONE

N/A

SAMPLE SERUENCE NO.:

SAMPLE ID:

ELEMENT

NA
MG
AL
S1
P

s

cL
K

CA
TI
v

CR
MN
FE
cOo
NI
cu
ZN
SE
BR
SR
MO
cD
SN
SB
BA
CE
FT
PB

X

> O X > X X X

A249/014£%-2

DETN LIM

. 028995

« 23463SE-02
«351021E-01
« 502565E-02
. 4467351E-03
. 2374632E-02
« 11692S4E-02
» 37515E-03
. 134374E-03
. 133878E-03
« 540373E-03
. 984447E-02
. 678091E-03
. 7190S8E-02
« 3736S2E-03
. 328408E-03
. 3046024E-03
« 319452E-03
« 3687S7E-03
. 373512E-02
. S64527E-02
. 100916E-01
. 193514E-03
«13145¢E-02
.S578813E-03
«S16758E-02
« 224738E-02
.384613E-03
. 928467E-02

TOTAL DETECTED BY XRF

BERIGUETTE

MASS %
. 771213E~-02
4.30135
20.4243
17.0835
« 932467
. 384437E-01

-.261132E-02

. 237312E-01
. 107173
101671

-.525508SE-03

«634431E-02
. 211333E-01
. 450807

-. 1691E-03

«369044E-02
. 343433E-02
« 6046177E-01

-.4906385E-02
-.360052E-02
—.357S83E-02

.178798E-02

-.&7201E-04

«3477354E-02
- 320832E-03
« LOG004E-0L
2.23824
361121
. 167327

4401378

E-44

SWRIZZ -~ CATALYST SAMFLE=
02/ 0%/ 34

2-5IGMA

. 270011E-01
« 22606
1.02251

. 333206
«274397E~-01
. 314712E-02
« 1 75543E-0Z
. 126129E-02
. SSP4644E-02
. S170S5E-O2
< S27796E-04
«8S141E-02
16241 7E-02
022758
.822149E-04
. 604043E-03
. 371233E-02
«21021E-02
. 250234E-02
. 130402E-02
« 179347E-03
010092

. 3795SE-04

. 100991E-0OC
« 3A7122E-0Z
. 295507E-02
. 1123%S

. 122011E-01
.3S2733E-0C



RUN DESCRIPTION:

SWRICS

DATE OF XRAY ANALYSIS: 03/29/36

SAMPLE TYPE:
=ITE ID:
MISCELLANEQUS INFQ:

N/A

SAMPLE SERUENCE NO.:

SAMPLE ID:

ELEMENT

NA
MG

X

M X} K

>x o

A249/01&%9-3-A

DETN LIM

« 330387E-01
«2711035E-02
+406151E-01
. 564214E-02
.4381574E-03
« 2569SYE-0Q2
- 129081E-02
« 414526E-03
« 2024356E-03
« 192862E-03
. 64769E-03

« 15544E-02

« 740886E-03
« S008S3E~-03
«4177354E-03
« 3591428E-03
. 337115E-03
« 355278E-03
» 436412E-03
. 4353SYE-02
« 693714E-02
.124114E-01
«214168E-03
« 145164E-02
« 643IF6E-03
. 939347E-03
« 243727E-02
« 994991E-03
. 110886E-02

TOTAL DETECTED BY XRF

BRIQUETTE

NONE

11

ALUTO CATALYSTS

MASS %4
« 322003E-01
4, 33353
22.6114
16.28468
. 100395
. 6435602
. 3313542E-02
« 3T7199E-01
. 132923
111988

—-.6376353E-04

«161788E-01
« 162607E-01
« 542428

-.141913E-02

« 108293E-01
« 2528387E-02
. 101584

—.732343E-02
= 84732446E-02
=. 7972BHE-Q2

« 4462981E~0O2
. 11428E-02
«177403E-0O2
. 312403E-03
« 165955E-02
2.71743
447312

« 634374

49,1522

2=SIGMA

. 331243E-01
L217711
1.13204

. 813424

. S80774E-02
« 326398E-01
. 1305%2E-02
«173543SE~O2
« 779232E-0C
«S713%E-02
« 6420P6E-03
« 195245E-02
. 1435353E-0C
« J26T9GE-0O1
«497746SE-04
« 720497E-0C
« 3712746E-032
«91537E-02
« 3T3YITE-02
«224142E-03
» 400003ZE-0
. 124133E~-01
» 123511E-02
« 470233E-03
« 3T4120E-02
« 372PZ2E-03
. 147026

« Z3S037E-01
. 34376ZE-01



RUN DESCRIPTION:
DATE OF XRAY ANALYS

e

SWRICZ2 AUTO CATALYESTS

o

Q&/29/86

SAMPLE TYPE: BRIOGUETTE

SITE 1D
MISCELLANEQUS INFQO:

N/A

SAMPLE SEWUENCE NO. !
A249/0169-3-B

SAMPLE ID:

ELEMENT

NA
MG
AL
51
P

cL
K

CA
TI
Y

ZR
MN
FE
co
NI
cu
ZN
SE
BR
SR
MO
cD
EN
SB
BA
CE
FT
PB

X X X X

X x

DETN LIM

« 228005E-01
. 1833041E-02
«278311E-01
« 440759E-02
. 4022E-03
«211901E-0C
.104312E~-02
« 33SSPZE-02
. 1345%9E-03
. 167774E-03
«S0?S3E-03
. 111942E-02
- 326082E-03
« 34989LE-03
«306451E-03
« 26876SE-03
« 261066E-03
« 2497S4E~-03
. 254708E-03
«261895E-02
. 392941E-02
. 72575E-02
« 172728E-03
« 132796E-02
«603742E-03
« 46924LE-03
«191763E-02
«712851E-03
. 7012756E-03

NONE

12

-

TAOTAL DETECTELD' BY XRF =

E-46

MASS 4
«B363316E-01
4.3429
22,6219
16.726¢4
. 3S96P7E-01
. 244979
«323?02E-03
024649
«P42342E-01
. 1345467
. 74931 1E-03
« 273831E-01
» 783411E-02
« SV6227
« 310703E-03
+10137%E-01
«876237E-02
» 0253581
. 116434E-03
« 413604E-04
. 122944E-02
«3B451E-02
. 132363E-02
2 13353E-03
L 291573E-03
« 105672E-02
« 267609E-01
«139292E-0Z
100321

45,2227

2~SIGMA

. 237237E-01
. 218055
1.1221

. 8337347

. 24237 2E-0C
«17&6161E-01
. IRZBEE-04
.173172E-0C
« 434554E-02
. 43307E-0Z
« I0074E-04
« 26S0Q36E~-0C
3723432E-03
. 299821E-01
ASS3ERE-04
« 630293E-03
« 2SPL3SE-03
001344

. 208467E-01
« S28LLIE-OZ
«PE7333E-04
L 1Y2TTVE-QZ
P 222267E-03
« 2BO912E-03
. 1453E-04

« 24244LZE-03
. 272903E-0O2
.487041E~-02Z
«S14407E-02



RUN DESCRIPTIONG

DATE OF XRAY ANALYSIS:
SAMPLE TYPE: BRIQUETTE
SITE ID: N/A
MISCELLANEQOUS INFCQ: NONE
SAMPLE SERUENCE NO.:
SAMPLE ID: AZ80/0001L-A
ELEMENT DETN LIM

NA D «311677E-01
MG « 255583E-02
AL «382322E-01
SI » SI4TP7E-02
P - 461034E-03
3 « 2488435E-02
cL X « 123031E-02
K «3P3I712E-02
CA « 20306 2E-03
TI « 186342E~-02
v X »613699E-03
CR D «155792E-02
MN . 635269E-03
FE «742143E-02
co X . 37719E-03
NI « 328735E-03
cu «3435461E-03
ZN « 3P68446E-03
SE X « 389661E-03
BR X - 416052E-02
SR X « 629394E-02
MO X « 112624E-01
ch X « 203875SE-03
SN D . 144297E-02
SB X «633443E-03
BA . 53631¢E-03
CE « 227573E-02
PT . 906749E-03
£B «10146%7E-02

TOTAL DETECTED BY XRF

SWRIC3 AUTO CATALYSTS
QR/2%/368

MAZS %

« 373034E-01
4.043222
22,0273
15.01¢4
1.33197

» 147052

-. P30421E-03

« 209707E-01
. 249357
. 101445

=. 14987 LE-02

. 424009E-02
. 135637
. 3932718

-.320543E-03

. 8238ZE-02
. 352325E-01
- 607458

—-.314638B2E-02
-.293173E-02
=.367337E-02

» 272031E-02

-.120637E-03

. 280469E-Q2
. 7336S3E-04
«194121E-02
2.908326
228477
276343

42,8274

E-47

2-SIGMA

. 3132131E-01
. 2032201

1.15224

. 731889

. 724322£-01
. 79737PE-Q2
. 503314E-04
« 161594E-Q2
. 126359E-01
. 3183P79E~-0C
. 145037€E-04
» 87924SE-02
. 73121323E-02
. 173205E-01
e 22S326E-03
. SB6415E-03
. 126631E-0OC
« 3044046E-011
. 246059E-0C
«146914E-03
. 2347905E-032
. 112632E-01
. 3449921E-04
« AFII0ZE-OZ
. 1 3A704E-03
« 410066E-03
. 14464364

. 115903E-01
« 1376226-01



RUN DESCRIPTION:

DATE OF XRAY ANALYSIS
SAMPLE TYPE: BRIQUETTE

SITE 1D:

N/A

SWRIC2 AUTO CATALYSTS

T QB/28/24

MISCELLANEQUS INFQ: NONE
SAMPLE SEQUENCE NO.:

SAMPLE 1ID:

ELEMENT

NA
MG
AL
S1
P

cL
I
CA
TI
v

CR
MN
FE
co
NI
cu
ZN
SE
ER
SR
MQ
CD
SN
SB
BA
CE
PT
PB

X X X X

x D

AZE0/0001L

DETN LIM
.23216%E-01
. 187225E-02
. 284992E-01
« 447396E~-02
« 406919E-03
. 214807E-02
. 10S3886E-02
« 340814E-03
. 13246%E-03
« 164322E-03
. S0S576E-02
« 120464E-02
«S13004E-02
«441499E-03
«303416E-03
. 267198E-03
«261763E-03
«2717E-03

« 267579E-03
«273123E-02
«41129€6-02
« 759302E-0OL
. 17SS87E-03
. 130007E-02
. 381124E-03
« 363292E-03
. 138218E-02
«715139E-03
« 726696E-03

TOTAL DETECTED BY XRF

2

-B

E-48

MASS 7%

« 732829E-01
4.43574
22.7034
16,6729
120121

« 274909

« 16621E-03
« 3B4202E-01
141327

. 121674

. 379554E-03
. 635058E-02
« 425703E-01
.4138348

« 2893E~03

« 263013E-02
. 102692E-01
. 182702

« S44694E-03
«3?7174E-03
«24138S?E-02
«218742E-C2
«.781124E-032
«131279E-02
. 2707335E-03
. 168064E-02
. 3403804E-01
.124412E-01

216292

2-SIGMA

« 23R662E-01
« 2228699
1.1362

. 324465

. P7BI24E-02
.141442E-01
. 10S225E-04
« 126931E-02
« 72263E-02
LA1B72VE-OZ2
.314743E-04
«150162E-02
. 252913E-02
«210917E-01
. 1SO0P3E-03
« 3146032E-0Z
«618372E-0Z
- P1342E-02
. 77295SE-02
. 19894E-04
« 121262E-03
« 109443E-02
. 12323E-03
« S2Z0ZTE-0Z
. 27972E-03
« 32347E-02
« 346222E-02
LER21GE-QE

«10%143E-01



RUN DESCRIFTIONS
DATE OF XRAY ANALYSIS:

QY

SAMPLE TYFE: BRIGUETTE

SITE ID:
MISCELLANEQUS

N/A

INFQe

SAMPLE 'SERLUENCE NO.:
A1S5/0741-1-A

SAMFLE IDs

ELEMENT

NA

TOTAL DETECTED BY XRF =

X

x X

33 > < XX X X

DETN LIM
«310234E-01
. 2938432E-02
« 3797364E~01
« 93470ZE-QZ
» 464433E-02
.249153E'02
« 1229288E-02
. 3VIB3LE-O2
. 183926E-02
.1900955—03
« 632204E-03
. 1917S28E-02
. 305713E-03
« S238146E-03
. 392352E-03
«3324S4E-03
- 332144E-03
« 3E4719E-03
« 33SS7IE-02
«41214E-Q2
e B2TL74E-02
.011154
« 203629E-03
« 134096E-02
0 23704E-0Q3
« S41765E-0Z
23382232E-02
.940qu2E-03
« 100332E-02

NONE

12

SWRIC4 AUTO CATALYSTS

/117346

MASS %
« 197575E-01
4.15712

22.4747

153.8872
1.14207
&3PT732E-01

-, 101203E-02

. 244972E-01
. 203541
. 342137E-01
«403773SE-02
«332044LE-02
. 584477E-01
270028
.149086E 03
« 1068046E-01
« 377453E-02
« 2814697

-.426737E-02

« J7TI2SE-OZ

' 3 d-44E C):'

« 124377E-02
« 150997E-04
«13871E-02

«303373E-03
« 43T007E-QL

2.99629

E-49

224214

. 239524

42, 2092

=-5IGMA
« J10646E-01

= n‘ll‘ﬁ‘l
. )l-

1.12511
. 795429
LSTP421E-OL
A19161E-0T
6532142E-04
. 120395E-02
.102194E-01
A3224E-0C
. 4310S2E-04
L DRERLE-OT
. 2S0LTE-O
. 137419E-01
.311°01E~-04
« 700762E~OF
CA0Z9SLE-03
.141519E~-01
27S1IZE-OT
1307 2E-02
 1A4T4E-02
c111541E-01
LA3T224E-0OS
«SOI0ZEE-03
GEBS15AE-03
SI2411E-03
. 150244
«184073E~-01
013117



RUN DESCRIPTICON:
ODATE OF XRAY ANALYSIG:

SWRICA AUTD CATALYST=

Ow/11/32¢6

SAMPLE TYFE: BRIQUETTE

SITE ID:

MISCELLANEOUZ INFC:

SAMPLE SECQUENCE NO.:

SAMPLE ID:

ELEMENT
NA D
MG

AL

=1

=

Pl
=

cL X
¥

i

TI

v ooX
CR

MN

FE

co X
NI
cu
ZN
SE
BR
SR
MO
D
SN
SB
EA
CE
FT
FB

> 2 5 2 > ¢ X

TOTAL DETECTED BY XRF =

«218317E-02
. 107333E-02
. 3458S4E-02
. 1861322E-03
« 1604637E-03
. S088381E-03
< 103194E-02
.473137E-03
. 432854E-03

- 30318E-03

« 263152E-03
«262145E-03
«272132E-03
< 295123E~-03
. 283243E-02
«427022E-02
« 773844E-02
. 173204E-03
«131763E-02
.S84284E-03
.4572146E~-0Q2
. 193901E-02
« 72504LE-03
. 767655E-03

N/A
NONE
14

A1S5/0941-1-B
DETN LIM MASS %
. 235673E-01 « IP5647E-01
« 190422E-02 4.495
. 287634E-01 22.4702
«45208ZE-02 17.1829
«413704E-02 121218

.110212
-.24846264E-02
. 249214E-01
173747
. 283712E-01
. 438001E-03
«AT7ITIZE-02
171676E-01
e 2PP023
-.6463162E-04
« IB2EIRE-OZ
» 203171E-0Q2
. 1462294
-.31517SE~-02
-.2Z2324E-0C
—-.292334E-02
-.21070%E-02
-.407342E-04
= 3PLT721E-02
. 11A534E-03
« 11&943E-02
.117412E-01
207242
P 212137

43.&S75

E-50

2-SIGMA

« 2400%2E-01
» 2LS6EE
1.12455%

. 2E0144
«424041E-02
» 6143S2E-Q2
« LAZEPE-OZ
.121017E-CQC
« F073S6E-0L
«432213E-0C
. 44437E-04
. 142304E~-0O2
« 141062E-02
015126

« 3G60TIE-04
« 35&734E-0Q3
2237 I2E-02
« S146295E-02
« JSZOIEZE-OT
L 111825E-Q
. 146327E-02
 10S42CE-03
. 155446E-04

R T Ty T
. &h"—‘h‘LhE 0

» 21990SE-00
« ZPEVRE-QZF
L 2121SVE-02
«104311E-01
« 1O07072E-01



RUN DESCRIPTION:
DATE OF XRAY ANALYZIGS:
SAMPLE TYFE: BRIDUETTE
SITE 1L
MISCELLANEQUS INFO:

N/A

SAMPLE 'SEQUENCE NO. :

FAMPLE IL:

ELEMENT

NA
MG
AL
=1
P

S

TL
K

CA
Tl
v

CR
MN
FE
z0
NI
cu
ZN
SE
ER
SR
MO
cn
=N
SB
BA
CE
=T
PE

TOTAL DETECTED BY XRF =

3K X

0 X %

A1S5/0941-

DETN LIM

. 249307E-01
« 201945E-02
. 297402E-01
.443211E-02
« 30939SE-03
. 218031E-02
. 1039203E-02
< 349314E-03
. LPSB02E-03
« 175164E-03
« S22328E-03
< 100762E-0Q2
< S23P06E-03
« 443553E-03
« 301753E-03
« 2643831E-03
-271134E-02
« 307199E~-03
. 307712E-03
- 3044675E-02
«861123E-02
. 332575E-02
. 131383E-02
«133941E-02
LLL456E-023
+ 493028E-03
. 1P6271E-02
«TSLLTSE-03
«B1PLTIE-OZ

NONE

SWRIC4 AUTO CATALY:ZTS
02/11/84

MASS %
0?4163
4,887462
17.1372
12,0141
. 2603118

« 734225

= 2PEP21E-02

L 421656E-01
412897
L121745

~.31A31E-03

«167104E-0Q1
. 222019E-01
. S94814

« S62971E-04
« 3301646E-02
« 470417E-02
« IV2BSA

—. 22120LE-02
-.197337E-0Z
-.357407E-QZ
—e 172027E-02

« 140562E-02
- SO173EPE~-QZ
L613113E-03
» VYLD ZE-Q2
. 247222E-01
« 149725

. 4123124

45,3893

o

E-51

=2-2IGMA

« 25P014E-01
o4 T32E

. PS7983
01721
137942E-01
L 2P5201E-01
2DAALLTE~-OD
.o 158497E~-Q2
. 2Q7321E-01
& 19503ZE-0QT
. ABASI7E-04
« 1RE7 36E-QC
< 13944AE-02
L 2P91TSE-0L
« 133323E-04
- B2C14E-0Q2
 D243T4E-Q2
W 1ELBLE-OL
22STSSE-QD
TERSIVE-O4
1 79232E-02
2EOTEZE-Q4
« 1746599 E-032
A 1P7446E-03
. 4OFTQEE-02
LSS I4ZE-CS
v 2LBA2PE-OD
W 7EZOZEE-OT
W 2OTEIE-COL



RUN DESCRIPTION: SWRIC4 AUTI CATALY:STS
DATE OF XRAY ANALYZIS: 09/11/%84

'SAMPLE TYPE: BRIGUETTE

SITE ID: N/A

MISCELLANEQUS INFCO: NONE

SAMPLE SECQUENCE NO.: 14

SAMPLE ID: A1SS5/0%41-2-B

ELEMENT DETN LIM MAZSS % Z=5I0MA

NA . 232025E-01 . 115562 +- L247333E-01
MG . 137147E-02 4,.732861 += 237847

AL « 281333E-01 21.0017 +- 1.03112

51 . 438144E-02 17.464636 +- . &8324184

(d . 40SS37E-02 . 373331E-01 +- .51174E-02
S . 21424E-02 . SIEEE1L += L19774CE-01
cL X . 105556E-02 —-.324257E-02 +—= J22776EZE-QZ
4 . 39S72ZE-03 « 223Y2IE-01 +—- L 1132&51E-02
CA . 17917E-03 . 1469974 += .B6333LE-0C
TI . 167535E-03 » 116149 +— LTPILIP3E-OL
\% X - S016E-03 « 132974E-03 += . 123734E-04
CR . 115375E-02 - 102224E-01 +- J170812E-02
MN . 421173E-03 .147352E-01 +- .119517E-0OC
FE .432243E-03 + 413595 +— J20852%E-01
co X .305177E-03 . 732854E-04 += .303332E-04
NI « 2636946E-03 « 108923E-01 +— LEHITVE-QZ
cu . 255252E-03 . 133082e-02 += .276501E-03
ZN » 262102E-03 1173046 +- (OYZSTST7E-QZ
SE X . 279047E-023 -.213353E-02 +— . 171739E-0C
BR X 002712 -.197499E-02 +- VP IZEE-04
SR X . 407207E-02 -.310013E-02 +- . 135453E-03
Mo X « 7TAZ22C7E-02 =.40225SE-0C +— JZ01246ZE-Q3
CD X « 174999E-03 -+ 162935E-04 +— L1741732E-04
SN X «127172E-0Z - 425244803 += (ZAILE-QZ
SB D « S63812E-03 62126202 +- . 443535%E-02
BA « 4646401E-03 « 150094LE-0Z +— L 312713E-03
CE . 138146E-02 - 110Y3SE-01 +- .211024E-02
PT « 718624E-03 « 167971 +— LBIZ212ZE-02
PB . 727213E-03 . 7R7622E-01 +—- L BATT7IE-OZ

TOTAL DETECTEDR BY XRF = 45,1284

E-52



RUN DESCRIPTIDNS

SAMPLE TYPE:

SITE ID: N/A

OATE COF XRAY ANALY:SIS:
ERIGUETTE
MISCELLANEQOUS INFQ:

SAMPLE SEQUENCE NO.:

SAMPLE 1D

ELEMENT

NA
MG
AL
sl
p

-

cL
K

CA
TI
v

CR
MN
FE
co
NI
cu
ZN
SE
ER
SR
MO
CD
SN
3B
BA
CE
PT
PB

X

200X X

AZ07/C101-A

DETN LIM
+311566E-01
« 2344683E-02
. 033497
«.544441E-02
« 4656387E-02
« 2849425E-02
« 1236P4E-02
« IP7287E-03
. 133307E-03
« 1959544E-03
«.614515E-03
« 1446404E-02
« 752134E-03
« 742245E-03
. 384334E-03
« 330231E-03
« 328522E-03
» J09B17E-03
- 403307E-03
«417133E-02
» 633S06E-02
-1133467E-01
. 20493E-03
« 133287E-02
« S89513E-03
. S4973E-03
« 230352E-02
. 7434L6E-03
. 103503E-02

TOTAL DETECTED RY XRF

NONE

SWRICS AUTD CATALYSTS
0Y/117324

MASS %
. 197331E-01
846735

23,8203

13.0122

882493

. O98Y8Y
-.13103E-02

. 284127E-01

« 102468

« S2TP62E-0L

« 204324E-03

E96112E-02

« 1314823

. 302197

. P35152E-04
. 137881E-01
« 354324E-02

. 233256

-. 625282E~02
-.373064E-02
-.444479E-02

- 16897 1E-02
.371405E-03
. 977171E-03
. 005375

. 19975E-02
2.57271

. 35547

. 443044

4%, 0373

E-53

==5IGMA

«311928E-01
1743225

1.19237

751454

« 449577E-01
« 7 1886E-QC
. 2344929E-04
« 14923e-0C
«927517E-0QZ
«4Z4156E-QL
- S121467E-04
«121244E-0Q2
. P?612533E-02
« 13533383E-01
«214932E-04
« B32L2BE-OZ
« 984253E-03
» LZB283E-01
. 334374E-0O2
» 1287024E-02
« 222934E-OT
<11E371E-0OL
«613591E-124
TSl 72CE-0O3
. 7T3ZO7T7E-OZ
« 443945E-02
« 1209954

« 193874E-01
« 2253807E-01



RUN DESCRIPTION:
OF XRAY ANALYSIS:

DATE

SWRIC4 AUTO CATALYSTS

02/11/%26

SAMPLE TYPE: BRIGUETTE

SITE ID:

N/A

MISCELLANEQUS INFO: NONE
SAMPLE SECGLIENCE NO.:
AZ07/0101-B

SAMPLE ID:

ELEMENT

NA
MG
AL
SI

P

cL
K

cA
TI
v

CR
MN
FE
co
NI
cu
ZN
SE
BR
SR
MO
D
SN
5B
EA
CE
FT
PB

X

0 x

< X X x X

DETN LIM
293243E-01
« 239007E-02
«362737E-01
. S26084E-02
- 454443E-032
« 240585E-02
. 118198E-02
« 379201E-03
. 178547E-03
« 186187E-02
«613003E-03
133087E-02
« 713364E-03
. 760147E-03
« 335493E-03
S8233E-03
« 320825E-03
« 322099E-03
« 368891E-03
-« 3787046E-02
« S71034E-02
« 102225E-01
. 173565E-03
«127361E-02
- S63777E-03
. S3088YE-03
. 231784E-02
« 894957E-02
« P27734E-03

TOTAL DETECTED BY XRF

1=

MASS “

» GB3PTLPE-03
4,.192472
23.360%
13.7774

. 157427
«475499E-01
«266331E-02
« 263893E-01

. 105073

« 9S5S92ZE-01
«417416E-0Z
«411252E-0L
. 731476E-01
. 20088
«36771E-03
« 946202E-02
. 447174E-02
« SP0753E-01
=.3646373E-02

-.3720S4E-02
—. 343L46E-0L

= 123441E-02
=.789703E-04

E-54

«»17435461E-02
345745E-02

.2h?641E -QZ

a - 46737

« 360992

. 03106

47 .2937

293244E-01
~10242
1.179;4
. 7289754
B&742E-02
.&41 S1E-OLC
. 177361E-07Z
. 137023E-0Q2
« S2924L2E-02
« SO2L14E-Q2
« 3P6H125E-04
« PQ7ST72E-Q2
« 444L352E-00
L 152725E-01
« 142Q62E-0Z
« 5484L37E-02
« 16AP2E-Q2
« 202745E-0L
« 2BP0ALE-QZ
L 18L41E~OT
.17”1#7E 0z
S78SE~-OS
.107307E o4
o 7QLZ2SSE-QOZ
« B43ILETE-O
4TS 7E~OS



RUN DESCRIPTION: SWRIC4 AUTI CATALYSTS
DATE OF XRAY ANALYZIZ: G9/11/564
SAMPLE TYPE: BRIGUETTE

SITE ID N/AR

MISCELLANEOUS INFC: NONE

SAMPLE SECGUEMCE NO.: 19

SAMPLE 1ID: A207/0101-C

ELEMENT DETN LIM MASS %

NA D «225725E-01 . 337057E-01
MG .181418E-~02 4.63909

AL « 273207E-01 21,2436

I . 4323S6SE-QL 13.15&2=

P . 405352E-03 .423112E-01
S « 213272E-0L . 243352

cL X . 104662E-02 -.219912E-02
K « 336707E-03 o 274522E-01
CA . 17944E-03 L O73335

TI < 1462947E-03 . 102104

v D . 304456E-02 « IPSLBBE-O3
CR « 100022E-02 « 168316E-01
MN « 325776E-03 627732E-02
FE «447302E-03 47465882

Co X . 308061E-03 =-.453021E-04
NI . 2677E-03 « 98216E-02
Cu « 25268SE-023 . 27S611E-02
ZN « 255507E-03 «377S91E-01
SE X « 253196E-03 -, 132913E-03
BR X - 258613E-02 = 7399IIE-03
SR X «337406E-02 = 197161E-02
MO X « 710896E-0Z -. 294346E-0L
CD D « 173146E-03 » 4061235E-03
SNX « 126535E-02 - ?80017E-04
SB X « 934165E~-03 « 3433E-03
BA D «461715E-03 «112073E-02
LE « 190321E-02 « 203215E-01
FT «6PTELTTE-QZ BSI69TE-QD
PE « 6PSP0E6E-02 LO72412
TOTAL DETECTED BY XRF = 43,2791

E-55

2=-S1GMA

« 227302E-01
235361
1.06444

. 024671

. oT326E~-OC
. 1253245E-01
. 14323 E-00
. 14321 75E-02
. 3301 23E-02
L DZQT7T7BE-OZ
LS0120SE-04
 SOOSETE-OQT
L SO0P17E-OG
 240199E~QO1
. 149344AE-04
LAZTTSE4E-QZ
301732E-QE
1944231E-QC
4oS70ZE~-Q2
 IDOLILE-D4
YS24TTE-Q4
VA7 2T BE-0T
1 27427E-Q5
113144E-0QZ
24447E-Q 2
« 2721A2E-QZ
R ELETE-QD
« AIQLIZE-O3

I7SZ1TE-OQLZ



APPENDIX F

BET EQUATION YERSUS RELATIVE PRESSURE FOR
OXYGEN SENSORS
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4+ 9 o s o o

1.260

1.225

48 o ¢« ¢ 0o o o @
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X/V[1-X)

1.155

1.120

1.085

1.050

+0 ¢ o 8 46 06 6 ¢ 40 o 8 » 4a o s 0 4o s e 8

1.018

N= 3
COR= ,9865

MEAN
X  .1334Q
Y 1.1320

VARIABLE

CONVERTER SURFACE AREA ANALYSIS  A220/0680
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X
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!YX+l!0l+l'.|+...o+n||.+'-lo+-l-l+loa-+-|¢I+I-|u+l.-u+----+----+.u--+--

.045 075 .105 135 «165 «195 .225
.080 .080 .120 .150 .180 .210

P/PO
ST.Dev, REGRESSION LINE RES,!1S,
.09332 Xx= ,63645*Y-,58704 121E-6
.14611 Y= 4,5603°X+ ,82383 297E-6

1 P/PO VERSUS VARIABLE 2 X/V SYMBOL=X

Figure F-1. Plot of BET equation versus relative pressure
for Oxygen Sensor A220/0660
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PAGE 4 SURFACE AREA ANALYSIS A220/0810

.Oll+lill+.ll.+.IIU+I'O.+ICOO+ICOl+ll..+I.O.+I...+...I+IIll+.lll+ll..+l.

2,000 +

+ =<

4+ 5 o o o
4+ s 0o 0

1.875

+ e & & @
e a o o

1,750

+ 5 o s &=

1.625
XV{1-X]

+8 ¢ s s 40 2 e @

+® o a

1.500

+ o @ o @»
+e @ a @

1.375

4+ w v =

1.250

1.125

4o o a 8 40 @ 5 0o e s o
+ o » 8

+e o 0 @

*.000

l.m..-I+lll'+‘l..+-III+IIII+'I.H+HIOI+Il..+.III+.I.'+.lII+IIII+.I..+I.:
.045 .075 105 +135 »165 .185 225
.060 .0%0 .120 .150 .180 «210 .240

N= 4
COR= .3955 P/PO

MEAN ST.DEV, REGRESSION LINE RES.MS,
X .11992 .08084 X= ,18571°Y-,12808 87Se-7
Y 1.3354 ,43334 Y= 5,3366%X+ .69543 00251

VARIABLE 1 P/PO VERSUS VARIABLE 2 X/V SYHBOL=X

Figure F-2. Plot of BET equation versus relative pressure
for Oxygen Sensor A220/0810
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PAGE 4 SURFACE AAEA ANALYSIS  A221/0145 OXYGEN SENSOR

.+llI-+|'IC+III!+I-l|+I..'+l.ll+.lll+.lll+'.ll+Ill-+ll-.+l.ll+.lll+.l.'+l
. Y
1.000 + +
. X .
.9750 + +
.9500 + +
.9250 + +
XV(1=X) . .
.9000 + N
) X )
.B750 + M
8500 + .
.8250 + +
[ ] x :
.8000 + +
:Ylﬁ.l+.l..+ll.l+c.II+OIII+Il|l+l'Il+O..o+..Q.‘.l-I'+lC-.+O-|n+lll|+..l|+:
.042 054 .056 .078 .080 .102 114 .126
.gag .060 072 084 .036 .108 120
M= 3
COR= ,3982 p/PO

MEAN ST.DEV. REGRESSION LINE RES,MS,
X .08214 ,03510 X= ,39220°Y-.26754 405&E-8
Y .89159 08961 Y= 2,5455%X%+ .68249 263E-7

VARIABLE 1 P/PO VERSUS VARIABLE 2 X/V SYMBOL=X

Figure F-3. Plot of BET equation versus relative pressure
for Oxygen Sensor A221/0146
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1.085

1.050

1.015

X/V{1-X]

»9800

»9450

.9100

«8750

»8400

N= 3

.
.
L)
L
L)
+
.
.
.
L]
+

L]
L]
.
L]
+

4+ 0 o @ o 4 & s o 8

+e o o o

4+ s o s 4o 0 o

o o =

COR= 1.000

MEAN

X .14375
Y  .94565

VARIABLE

SURFACE AREA ANALYSIS A221/3310

l.+Dl.l+l'I‘+l.ll+ll.l+Il..+'..C+lI.I+l.l'+lll.+ll.l+ll..+lC..+l.ll+lﬂ.
X
X
X
°‘+.Il'+.lil+.ll.+lll.+l.ll+IIIC+ICI.+...l+..I.+Il..*..l.+..li+...l+.ll
.0875 1125 .1375 .1625 .1875 .2125 .2375
.0750 .1000 1250 .1500 .1750 .2000 .2250
P/FO
ST.DEV.  REGRESSION LINE  RES,MS.,
.07986 X= ,60524%Y-,42859  70D4E-9
13212 Y= 1,6522%X+ ,70814  192E-8
1 P/PO VERSUS VARIABLE 2 X/V SYMBOL=X
Figure F-4, Plot of BET equation versus relative pressure

for Oxygen Sensor A221/0310
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PAGE 4 SURFACE AREA ANALYSIS A230/0177

1.50 +

+eo o o @

1.44

4+ = 4 o =

1.38

X/V{1-X])
1.32

+ e 8 o

s a s @

1.20

1.14

+e ¢ o s 0 8 2z pa = =« a

1.08

+

. X
. .

+

.l.+Y.l.+.lll+.llI+IIII+‘l.l+illl+'.Il+l"|+llll+llll snteFannoeFaenetue

045 .075 .105 135 J165 «155 .225

.0E0 .090 .120 150 .180 .210
M= 3
COR= .9968 P/PD

MEAN ST.DEV, REGRESSION LINE AES,HS.
X 12036 ,08801 X= ,37433*v-,33389 126E-8
Y 1.2135 ,26364 Y= 2,.6542°X+ ,89405 J965-6

VARIABLE 1 P/PO VERSUS VARIABLE 2 X/V SYMBOL=X

Figure F-5. Plot of BET equation versus relative pressure
for Oxygen Sensor A230/0177
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+w o

1.24

1.20

1.18

1.12
X/V(1-X)

1.08

1.04

1.00

.960

520

N= 3
COR= .9957

MEAN
X .14523

4" » = 4= 8 2 v ¥ 8 s $5 5 a0

+= o 5 v +9 ¢ o @

e ¢ 4o & a & 48 & = @

CONVERTER SURFACE AREA ANALYSIS  A230/0649X

I+.I.-+lI.l+ll..+IIOI+IIQI+IIIl+-'.l+IIID+IIll+.ll-+IlI'+lIl.+lllY+.‘..l

X
0875 1125 1375 .1625 .1875 .2125

9750 .1000 1250 .1500 +1750 .2000 .2250

P/P0

ST.DEV. REGRESSION LINE RES,us,
,07703 X= ,45210°Y-,33272 102E-6

Y 1.0594 16864 Y= 2,1928%X+ 73675  487E-§

VARIABLE

1 P/PO VERSUS VARIABLE 2 X/V SYMBOL=X

Figure F-6. Plot of BET equation versus relative pressure
for Oxygen Sensor A230/0649X
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1.00
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COR= .9938

MEAN

X .12283
Y 84308

VARIABLE

Figure F-7. Plot of BET equation versus relative pressure

CONVERTER SURFACE AREA ANALYSIS

A249/0064
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REGRESSION LINE RES.MS.
.55242%Y-,34291 236E-6
1.7878°X+ ,62343 783E-6

VERSUS VARIABLE 2 X/V SYMBOL=X

for Oxygen Sensor A249/0064
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PAGE 4

+ s o o @
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+ o 5 0o @

1.425

1.350

1.275
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N= 3
COR= ,9930

MEAN
X  .12037
Y 1.4903

VARIABLE

SURFACE AREA ANALYSIS A251/0467

+

.'l+iill+1ll.+lli.+Ill'+'l.l+ll..+llll+Il..+.lll l-o.+on'n+ul||+|.|'+Y¢

X

+

X

.l.+l..l+.IID+Il.l+'l.I+l-ll+.l..+l.C.+..ll sesetessstecsetissetacnates

«045 075 .109 135 «165 .185 .225
.060 .090 .120 .150 .180 .210

P/PO
ST.DEV.  REGRESSION LINE  RES.MS.
.09302 X= ,31925%Y-,35540  772E-7
.30954 Y= 3,1200%X+ 1.1147  755E-6

1 P/PO VERSUS VARIABLE 2 X/V SYMBOL=X

Figure F-38. Plot of BET equation versus relative pressure
for Oxygen Sensor A251/0467
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PAGE 4 CONVERTER SURFACE AREA ANALYSIS A180/0094
....+'...+....+....+I...+.‘l.+..-.+.I..+-.‘.+....+.-'.+--.-+.l..+....+X.Y
J05 + +
L ] x .
.630 + :
675 + ;
660 + :
X . .
/ ] L]
v ] .
645 + +
630 + :
615 + :
600 + +
. x L]
585 + :
.ox .
.I..*..l.y.x.l+'.-.+I'..+....+..I.+Ii.l+l.'l+"..+lII.+IU'.*....*'..'+..I
.045 .075 .105 135 .165 .195 .225
.060 .080 120 .150 160 .210 .240
= 3
COR= .9657 /PO

MEAN ST.DEV. REGRESSION LINE RES,MS.
X .,13344 09333 X= 1,3429*Y-,70761 .00117
Y ,62830 .06712 Y= ,69448°X+ 53362 607E-€

VARIABLE 1 P/PO VERSUS VARIABLE 2 X/V SYMBOL=X

Figure F-9. Plot of BET equation versus relative pressure
for Oxygen Sensor A180/0094
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PAGE 4  CONVERTER SURFACE AREA ANALYSIS  SAMPLE A218/0045
'.+.'..+-...+....+....+'...*....+..'.+...'+.°..+'...+....+.‘.'+'...+'Y.'.
4750 + +
: X .
.4625 + :
.4500 + :
«4375 + +
X/Vv(1-X]) . .
.4250 + :
4125 + .
[ ] -
.4000 + +
. X .
.3875 + :
.3750 + .
[ ] x [ ]
:.m..'+'...+....*.'..+.'..*ll-.+.'..+....+....+....+...'+....+..‘.+...-:
.0875 4125 1375 .1825 4875 2125 .2375
.0750 .1000 .1250 .1500 .1750 .2000 .2250
N 3
COR= .9891 P/PO
MEAN  ST.DEV.  REGRESSION LINE  RES.MS.

X .14624 07703 X= 1,5174°Y-,48132 214E-7
Y 41367 05072 Y= ,85782%X+ 31737 929&E-8

VARIABLE

1 p/PO VERSUS VARIABLE 2 X/V SYMBOL=X

Figure F-10. Plot of BET equation versus relative pressure

for Oxygen Sensor A218/0045



PAGE 4  CONVERTER SURFACE AREA ANALYSIS  SAMPLE A218/0045X
..+....+...‘+..l.+.I..+l...+....+.‘..+..l.+.-.l+..l.+l'..+...'+l...+..'YY
.5425 + :
. X .
[ ] [ ]
.5250 + :
5075 + +
.4900 + :
X/V{1=X] . .
4725 + :
.4550 + :
. X .
.4375 + :
.4200 + :
. X .
.4025 + :
Y.+....+..'.+....+..'.+....+..'.+....+....+....*l.'.+....+...-+.-..+.I‘I.
.0875 1135 -1375 .1625 .1875 2125 .2375
.0750 ,1000 .1250 .1500 1750 ,2000 .2250
= 3
CoR= ,9943 P/P0
MEAN  ST.DEV.  REGRESSION LINE  RES.MS.

X .,14825 ,07703 X= 1,1557*Y-,39168 136E-6
Y .46548 ,06627 Y= ,85538*X+ ,34038 101E-6

VARIABLE

1 P/PO VERSUS VARIABLE 2 X/V SYMBOL=X

Figure F-11. Plot of BET equation versus relative pressure
for Oxygen Sensor A218/0045X
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PAGE 4 SURFACE ARSA AlIALYSIS A213/0083

|oln+lnlo+lll-+--¢O+al-¢+-l--+l---+vo|-+o-a-+-.--+no¢|+-.--+-.--+.|--+-xY

57 4 :
54+ :
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33+ :
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. X )
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42+ :
33 + :
35 + .
Y x [ ]
X .
«33 + +
:---+-.-‘+.ovn+---'+u'o-+----?v.--+'---+----+-'v'*u-nn+ll.lTlcul+----*-c:
.045 075 105 ,135 165 .185 .225
.060 .080 .120 .150 139 .210 .240
=3
COR= ,9359 P/FO

JAEAN ST.DEV, AEGRESGION LIMZ AES.i1S.
X ,13344 089333 X= ,87063*Y-.25048 4G8€-5
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Figure G-1. ESCA Spectrum of Oxygen Sensor A220/0660 from 0 eV to 1000 eV (Exterior Surface)
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Figure G-3. ESCA Spectrum of Oxygen Sensor A220/0810 from 0 eV to 1000 eV (Exterior Surface)
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Figure G-4. ESCA Spectrum of Oxygen Sensor A220/0810 from 0 eV to 501 eV (Exterior Surface)
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Figure G-8. ESCA Spectrum of Oxygen Sensor A221/0310 from 0 eV to 501 eV (Exterior Surface)
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Figure G-9. ESCA Spectrum of Oxygen Sensor A230/0177 from 0 eV to 1000 eV (Exterior Surface)
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Figure G-10. ESCA Spectrum of Oxygen Sensor A230/0177 from 0 eV to 501 eV (Exterior Surface)
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Figure G-11. ESCA Spectrum of Oxygen Sensor A230/0649X from 0 eV to 1000 eV (Exterior Surface)
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Figure G-12. ESCA Spectrum of Oxygen Sensor A230/0649X from 0 eV to 501 eV (Exterior Surface)
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Figure G-13. ESCA Spectrum of Oxygen Sensor A249/0064 from 0 eV to 1000 eV (Exterior Surface)
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Figure G-15. ESCA Spectrum of Oxygen Sensor A251/0467 from 0 eV to 1000 eV (Exterior Surface)
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Figure G-17. ESCA Spectrum of Oxygen Sensor A180/0094% from 0 eV to 1000 eV (Exterior Surface)
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Figure G-18. ESCA Spectrum of Oxygen Sensor A180/0094 from 0 eV to 501 eV (Exterior Surface)
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Figure G-19. ESCA Spectrum of Oxygen Sensor A180/0094 from 90 eV to 210 eV (Exterior Surface)
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Figure G-20. ESCA Spectrum of Oxygen Sensor A218/0045 from 0 eV to 1000 eV {(Exterior Surface)
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Figure G-21. ESCA Spectrum of Oxygen Sensor A218/0045 from 0 eV to 50! eV (Exterior Surface)
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Figure G-23, ESCA Spectrum of Oxygen Sensor A218/0045X from 0 eV to 1000 eV (Exterior Surface)



§¢-D

# elactrons detected

XRuyPowsr __________ FlocaGun.__ 2,0  Operstor_MJA Spot 8ize: 600 u Resolution: 4

VEATICAL SCALE
ESCA spPecTRUM
400 ¢
COUNTWIRCH V] CURSOA BINDING ENERGY
I L 3
<
o £
] L] )
g 3 l
e o [
[} o i
T ' .
[+ ]
H |
l
[ ]
' ]
X
| o
]
a o
i $
L, ]
[1:]
[
<+— bindiny v
BAMPLE oare. .. 7/25/1686 8 energy (V)
501.0 COMMENTS Digc: X410 _ parapnge -7030H 0.0
UPPER BINDIRG ENERGY (oV) e —_—— Hﬂﬂlnﬂ 1 LOWER B/INDING ENERQY (V)
OXYSEN_SENSODA_@A218/0045X_HM-02-3 o l
E’ - CENTER OF SAMPLE AS RECEIVED N ) noport 8. 70300786 =
o SURFACE SCIENCE LABORATORIES 1208 Charteston Ad  Mountain View  Califomia 04043 (415)862-9767 6P v: ¥ > sumracs

Figure G-24. ESCA Spectrum of Oxygen Sensor A218/0045X from 0 eV to 501 eV (Exterior Surface)
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Figure G-25. ESCA Spectrum of Oxygen Sensor A218/0045X from 90 eV to 210 eV (Exterior Surface)
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Figure G-26. ESCA Spectrum of Oxygen Sensor A218/0068 from 0 eV to 1000 eV (Exterior Surface)
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Figure G-27. ESCA Spectrum of Oxygen Sensor A218/0068 from 0 eV to 501 eV (Exterior Surface)
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Figure G-28. ESCA Spectrum of Oxygen Sensor A218/0068 from 90 eV to 210 eV (Exterior Surface)
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APPENDIX H

QUALITY ASSURANCE TESTING OF ON-ENGINE CONVERTER
EFFICIENCIES AND LIGHT-OFF TIMES



TABLE H-1. CATALYTIC CONVERTER EFFICIENCY - STEADY-STATE
UNIT A215/0201 K/G
TEST 1

Converter Efficiency Data

A/F Sample HC co NOx 02 COp Temp,
Ratio Location ppm % ppm % % °F
14.15 Inlet 1899 1.01 1571 0.58 14,27 707
Outlet 225 0.02 383 710
CE 2 88.2 98.0 75.6

14.33 Inlet 1849 0.83 1622 0.58 14,27 708
Outlet 150 0.003 460 680
CE % 91.9 99.6 71.6

14.50 Inlet 1699 0.65 1622 0.73 14,27 705
Outlet 125 0.003 460 651
CE 2 92.6 99.5 71.6

14.66 Inlet 1549 0.57 1609 0.83 14.41 705
Outlet 125 0.003 837 636
CE 2 91,9 99,5 48,0

14.86 Inlet 1299 0.35 1584 1.03 14,12 705
Outlet 100 0.002 1138 613
CE 2 92.3 99.4 28.2

15.05 Inlet 1274 0.34 1521 1.18 14,12 705
Outlet 100 0.002 1189 604
CE ¢ 92,2 99,4 21.8

15.29 Inlet 1124 0.24 1421 1.43 13.98 705
Qutlet 100 0.002 1138 583
CE % 91,1 99.2 19.9

Engine Operation Data

A/F Speed Man Vac Power _Air Flow, SCFM Intake Air Exhaust Bar.
Ratio rpm in. Hg Hp obs Engine Injected °F in. Hp0 Vac _°F in. H70 in. Hg
14,15 1800 16.35 23.2 48,7 3.06 96 0.7 956 5.0 29.13
14.33 1800 16.35 23,1 48.9 3.06 96 0.7 959 5.0 29.13
14,50 1800 16.35 22.8 48.9 3.06 96 0.7 962 5.0 29.13
14,66 1800 16.35 22.7 48.9 3.06 96 0.7 962 5.0 29,14
14,86 1800 16.35 22.5 48.9 3.20 95 0.7 962 5.0 29.14
15,05 1800 16.35 22,2 49,1 3.19 95 0.7 964 5.0 29.15
15.29 1800 16.4 21.4 49,1 3.19 95 0.7 963 5.0 29.15

H-2



TABLE H-2. CATALYTIC CONVERIER EFFICIENCY - STEADY-STATE
UNIT A215/0201 K/G
TEST 2
Converter Efficiency Data
A/F Sample HC co NOy 02 CO2 Temp.
Ratio Location ppm 4 Ppm % % °F
14,11 Inlet 1850 1.22 1609 0.39 13.84 706
Outlet 300 0.02 686 725
CE Z 83.8 98.4 57.4
14,27 Inlet 1799 0.92 1634 0.58 13,84 708
Outlet 250 0.01 510 690
CE % 86.1 98.9 68.8
14,48 Inlet 1649 0.68 1735 0.68 14,12 710
Outlet 150 0.003 384 659
14,66 Inlet 1549 0.55 1785 0.78 13.84 710
Outlet 150 0.002 937 634
90.3 99.6 47.5
14,86 Inlet 1449 0.42 1735 0.98 13.84 712
Qutlet 150 0.002 1138 619
89.6 99.5 34.4
15,05 Inlet 1299 0.35 1710 1.18 13.56 712
Outlet 100 0.002 1214 603
92.3 99.4 29.0
15,27 Inlet 1149 0.28 1584 1.43 13.56 711
Outlet 100 0.002 1189 590
91.3 99.3 24,9
Engine Operation Data
A/F speed Man Vac Power _Air Flow, SCFM Intake Air Exhaust
Ratio rpm in., Hg Hp obs Engine Injected °F 1in. H20 Vac _°F
14,11 1805 16.3 24,4 51.0 3.23 96 0.8 964 4.9
14,27 1805 16.3 24,3 50.8 3.23 96 0.8 966 4.9
14,48 18G5 16.3 23.9 50.8 3.31 97 0.8 969 4.9
14.66 1805 16.3 23.8 50.9 3.31 97 0.8 970 4.9
14,86 1805 16.3 23.5 50.9 3.31 97 0.8 971 4.9
15.05 1805 16.3 23,2 50.9 3.31 97 0.8 971 4.9
TR.,27 1805 16.3 22.8 50.6 3.36 97 0.8 969 4.9



TABLE H-3. CATALYTIC CONVERTER EFFICIENCY - STEADY-STATE
UNIT A215/0201 K/G
TEST 3

Converter Efficiency Data

A/F Sample HC co NOy 02 CO2 Temp.
Ratio Location ppm % ppm % % °F
14,14 Inlet 1874 1.22 1521  0.48 14.12 702
Outlet 250 0.01 409 708
CE % 86.6 99,2 73.1

14,32 Inlet 1974 1.19 1509 0.48 14,12 702
Outlet 250 0.01 422 714
CE % 87.3 99.2 72.0

14.50 Inlet 1499 0.48 1672 0.73 14.12 702
Outlet 125 0.002 962 631
CE % 91.7 99,6 42,4

14.67 Inlet 1499 0.53 1622 0.83 14.12 701
Outlet 100 0.001 1088 628
CE % 93.3 99.8 32,9

14,87 Inlet 1324 0.39 1634 1.03 13.98 702
Outlet 100 0.001 1163 605
CE % 92.4 99.7 28.8

15,14 Inlet 1149 0.28 1584 1.33 13.98 702
Outlet 100 0.001 1163 578
CE % 91.3 99.6 26.6

15.27 Inlet 1049 0.22 1571 1.43 13.98 702
Outlet 75 0.001 1176 576
CE % 92,8 99.6 25,1

Engine Operation Data

A/F Speed Man Vac Power _Air Flow, SCFM Intake Air Exhaust Bar.
Ratio rpm in. Hg Hp obs Engine Injected °F in. Hp0 Vac _°F in. Hp0 in. Hg
14,14 1800 16.55 22,5 48.5 3.10 100 0.8 953 4.9 29.22
14,32 1800 16.55 22.6 48.4 3.10 101 0.8 955 4,9 29.22
14.50 1800 16.55 22.3 48,4 3.21 102 0.8 959 4,9 29.21
14,67 1800 16,55 22,0 48,2 3.20 102 0.8 959 4.9 29.21
14,87 1800 16.55 21.5 48.2 3.20 102 0.8 959 4,5 20.20
15.14 1800 16.55 21.0 48,2 3.20 102 0.8 959 4,5 29.20
15.27 1800 16,55 21,1 48.3 3.20 102 0.8 959 4,5 29.19



TABLE H-4. CATALYTIC CONVERTER EFFICIENCY - LIGHT-OFF
UNIT A215/0201 K/G
TESTS 1 AND 2

Converter Efficiency Data

Time to Test 1 Test 2
Reach 7 Converter Time Converter Time
Reduction Emission(l) Inlet Sec. Inlet Sec.
20 HC 1724 26 1699 27
co 1.99 21 2.06 20
NO, 1307 25 1096 24
50 HC 1724 36 1699 30
co 1.99 30 2.06 30
NO, 1307 NA 1096 NA
80 HC 1724 54 1699 52
co 1.99 38 2,06 37
NO, 1307 NA 1096 NA

Converter Response

Test 1 Test 2
Converter CE Converter CE
Efficiency % Emission In Out Z In Qut %
at 205 sec HC 17746 200 88.7 1699 225 86.8
co 1.95 .003 99,8 2.06 0,003 99,8
NO 1320 1264 4.2 1408 1289 8.4
at 600 sec HC 1674 200 88.0 1775 200 88.7
co 1,97 0.003 99,8 2,02 0,003 99.8
NO, 1320 1251 5.2 1370 1276 6.9

Engine Operation Data

Test Speed Man Vac Power Air Flow, SCFM Intake Air Exhaust Bar.
No. pm in Hg Hp obs Engine Injected °F in H90 Vac °F in Ho0 in Hg

2% €O, 5% 02

1 1800 10,55 48,2 80.6 10.31 97 1.4 1083 14,2 29.10
2 1800 10.35 50.3 83.3 10.81 91 1.5 1087 14,2 29,34

NA: Not Achieved
1) HC and NOyx are ppm, CO is %



TABLE H-5. CATALYTIC CONVERTER EFFICIENCY - LIGHT-OFF
UNIT A215/0201R

TEST 3
Converter Efficiency Data
Time to Test 3 Test 2
Reach 7 Converter Time Converter Time
Reduction Emission(1) Inlet Sec. Inlet Sec.
20 Hc 1549 28
co 2.04 22
NO, 1307 30
50 HC 1549 35
1307 NA
NO,
1549 52
H
80 Cg 2.04 36
NO 1307 NA
X
Converter Response
Test 3 Test 2
Converter CE Converter CE
Efficiency % Emission In Qut Z In Qut %
at 205 sec HC 1574 200 87.3
co 2,01 0.004 99.8
NO, 1345 1251 7.0
at 600 sec HC 1524 175 88.5
co 1.99 0,003 99,8

NO, 1307 1234 5.2

Engine Operation Data

Test Speed Man Vac Power Air Flow, SCFM Intake Air Exhaust Bar.
No. rpm in.Hg Hp obs Engine Injected °F 1in.,H720 Vac °F in.H20 in, Hg

2% €0, 5% 0
3 1800 10.1  51.1 84.0 11.1 97 1.5 1083 14.5  29.25

NA: Not Achieved
(1) HC and NGy are ppm, CO is %

H-6



TABLE H-6. CATALYTIC CONVERTER EFFICIENCY - STEADY-STATE
UNIT EPA 1174R

TEST 1

Converter Efficiency Data

A/F Samp le HC co NOy Q2 CO2 Temp.

Ratio Location ppm 3 ppm p A °F

14,15 Inlet 2149 1.37 1546 0.63 13,70 714
CQutlet 300 0.05 560 777
CE 2 B6.0 96.4 63.8

14,26 Inlet 2074 1.16 1609 0.68 13,84 715
Outlet 225 0.005 345 754
CE % 89.2 99.6 78.6

14,48 Inlet 1924 0.84 1659 0.83 13.98 717
Qutlet 150 0.004 611 709
CE % 92,2 99,5 63.2

14,68% Inlet 1724 0.70 1685 0,93 13,98 718
Qutlet 125 0.003 837 683
CE % 92.8 99,6 50.3
Outlet 125 0.003 1138 660

15,05 Inlet 1374 0.40 1672 1.23 13.98 719
Qutlet 125 0.003 1276 641
CE % 90.9 99.2 23.7

15,25 Inlet 1300 0.35 1622 1.48 13.84 718
Outlet 137 0.003 1276 621

Engine Operatlon Data

A/F  Speed Man Vac Power _Air Flow, SCFM Intake Air Exhaust Bar.
Ratio rpm in. Hg Hp obs Engine Injected °F in. H30 Vac _°F in. Ho0 in. Hg
14,15 1800 16.1 24,3 50.1 1.8 100 0.7 957 5.0 29.18
14.26 1800 16,1 24,0 30.0 1.9 99 0.7 959 5.0 29,18
14.48 1800 l6.1 23.6 50.0 1,90 99 0.7 961 5.0 29,19
14.68 1800 16,1 23.6  49.8 1.93 99 0.7 %4 5.0 29.19
14,85 1800 16.15 23.2 49.8 1.95 99 0.7 964 5.0 29.19
15,05 1800 16.15 23.0 49.8 1.98 28 0.7 965 5.0 29.19
15,25 1800 16,15 22.8 49.8 1.98 28 0.7 564 5.0 29.19

»4C not within tolerances at 14.7 air/fuel ratio

H-7



Bar.

in, Hpo0 in. Hg

TABLE H-7. CATALYTIC CONVERTER EFFICIENCY - STEADY-STATE
UNIT EPA 1174R
TEST 2
Converter Efficiency Data ]
A/F Sample HC co NOx 02 COg Temp.
Ratio Location ppm % ppa Z % °F
14,09 Inlet 2099 1.37 1295 0.63 14,12 701
Outlet 300 0.02 686 753
CE % 85.7 98.5 47.0
14,31 Inlet 1874 1.13 1358 0.73 14,27 702
Outlet 250 0.01 384 716
CE % 86.7 99.1 71.7
14,46 Inlet 1699 0.87 1408 0.83 14,41 704
Outlet 174 0.003 460 687
CE % 89.8 99,7 67.3
14.66 Inlet 1574 0.68 1421 0,93  14-41 706
Outlet 150 0.002 812 659
CE % 90.5 99,7 42,9
14,91 Inlet 1399 0.51 1408 1.13 14,41 707
Outlet 100 0.002 963 633
CE % 92.8 99.6 42,9
15,06 Inlet 1174 0.37 1433 1.28 14,27 707
Outlet 100 0.002 1088 614
CE % 91.5 99.5 24,1
15.34 Inlet 999 0.25 1345 1.63 13.98 705
Outlet 100 0.001 1013 599
CE % 90.0 99.6 24,7
Engine Operatiom Data
A/F Speed Man Vac Power _Air Flow, SCFM Intake Air Exhaust
Ratio rpm in. Hg Hp obs Engine Injected °F in. H2Q0 Vac _°F
14,09 1799 16,6 21.9 47.1 1.69 104 0.75 949 5.0
14,31 1796 16,6 21.7 46.6 1.72 106 0,75 953 5.0
14.46 1796 16.6 21.5 46.8 1.72 105 0.75 956 5.0
14,66 1797 16.65 21.2 46.6 1.75 105 0.7 960 5.0
14,91 1794  16.65 20,7 46.6 1.77 106 0.7 962 5.0
15.06 1798 16.65 20.7 46,5 1.77 106 0.7 963 5.0
15.34 1793 16.65 20.0 46.5 1.77 106 0.7 962 5.0

29,21
29.21
29,20
29.20
29.20
29.19
29.1



TABLE H-8, CATALYTIC CONVERTER EFFICIENCY - STEADY-STATE
URIT ZPA 1174R

TEST 3

Converter Efficiency Data

A/F Sample BC Co NOy 02 CO2 Temp,
Ratio Location ppm % pom Z % °F
14,08 Inlet 1974  1.53 1395  0.63 13,70 700
Outlet 300 0.08 711 761
CE 2 84.8  94.8  49.0
14.29 Inlet 1824  1.11 1471 0.73  13.84 701
Outlet 225 0.006 396 703
CE % 87.7 59.5 73.1
14.48 Iniet 1674 0.91 1496 0.83 13.98 703
Qutlet 150 0.003 434 675
CE Z 91.0 99.7 71.0
14,72 Inlet 1449 0.60 1534 0.98 14,12 703
Outlet 125 0.002 875 642
CE % 91.4 99.7 43,0
14.94 Inlet 1324 0.47 1546 1.13 14,12 703
Outlet 125 0,002 1088 618
CE % 90.6 99.6 29,6
15.09 Inlet 1149 0.37 1496 1.33 13.98 704
Outlet 100 0.002 1138 399
CE % 91.3 99.5 23.9
15.27 Inlet 1074 0.30 1446 1.63 13.98 703
Cutlet 100 0.001 1151 590
CE % 90.7 99.7 20.4
Engine Operation Data
A/F Speed Man Vac Power Alr Flow, SCFM Intake Air Exhaust Bar.
Ratio rpm in. Hg Hp obs Engine Injected °F in. Hp0 Vac _°F in. H»0 1in. Hg
14,08 179% 16.55 22.1 47.0 1.96 109 0.75 943 5.0 29,13
14,29 1798 16.55 21.9 46,7 1.98 109 .75 948 3.0 29.12
14.48 1795 116,.6 21.7 46,7 1.99 109 0.75 951 5.0 29,12
14,72 1794 16,6 21.3 46.7 2,00 109 0.75 952 5.0 29,12
14.94 1793 16.6 21,0 46.5 2.00 110 ¢.75 953 5.0 29.12
15.09 1791 16.6 20.6 46.5 2.00 110 ¢.73 953 5.0 29.11
LY} 1792 16,6 20,1 46.3 2,00 110 0.75 954 5.0 29.11



TABLE H-9, CATALYTIC CONVERTER EFFICIENCY - LIGHT-OFF
UNIT EPA 1174R
TESTS 1 AND 2
Converter Efficiency Data
Time to Test 1 Test 2

Reach 7 Converter Time Converter Time
Reduction Emission(l) Inlet Sec. Inlet Sec.

20 HC 1649 55 1774 40

Cco 1.91 48 2.01 38

NO, 1408 32 1320 25

50 HC 1649 63 1774 48

co 1.91 57 2,01 42

NO, 1408 50 1320 40

80 HC 1649 89 1774 66

co 1.91 66 2,01 50

NO, 1408 NA 1320 NA

Converter Response
Test 1 Test 2

Converter CE Converter CE

Efficiency 2% Emission In Qut % In Out %
at 205 sec HC 1647 150 91.0 1899 150 92.1
co 2,06 0,003 99,8 2,08 .002 99,0
NO, 1383 1289 6.8 1270 1176 7.4
at 600 sec HC 1549 175 88.7 1774 150 91.5
co 1.99 0.001 99.9 2,12 ,001 100,0
NO, 1408 1327 5.8 1282 1176 8.3

Engine Operation Data
Test Speed Man Vac Power Air Flow, SCFM Intake Air Exhaust Bar.
No. pm in, Hg Hp obs Engine Injected °F in. H20 Vac °F in.H720 in. Hg
2% CO, 5% 03
1 1800 10.9 46,7 77.2 2.14 104 1.4 1071 12.2 29.06
2 1810 11,25 45,6 75.6 9.65 104 1.35 1069 12 29.22

NA: Not Achieved

(1) HC and NOy are ppm, CO is %

H-10



TABLE H-10. CATALYTIC CONVERTER EFFICIENCY - LIGHT-OFF
UNIT EPA 1174R

TEST 3
Converter Efficiency Data
Time to Test 3 Test 2

Reach 7 Converter Time Converter Time

Reduction Emission(l) Inlet Sec. Inlet Sec.
20 HC 1749 48
co 2,06 41
NO, 1358 40
50 HC 1749 54
Co 2.06 48
NO, 1358 45
80 HC 1749 75
Cco 2,06 55
NO, 1358 NA

Converter Response
Test..3 Test 2

Converter CE Converter CE

Efficiency % Emission In Qut % In Out %
at 205 sec HC 1699 1500 91.2
co 1.95 0.003 99.8
NOy 1333 1289 3.3
at 600 sec HC 1699 150 91.2
co 2,18 0.002 99.9
NO, 1245 1239 0.5

Engine Operation Data

Test Speed Man Vac Power _Air Flow, SCFM Intake Air Exhaust Bar.
No. rpm in Hg Hp obs Engine Injected °F in H90 Vac °F in H90 in Hg

2% €O, 5% 02
3 1796 10.8  47.1 77.1  9.60 106 1.4 1070 12 29,17

NA: Not Achieved
‘1) HC and NOx are ppm, CO is %

H-11



APPENDIX I
ESCA SPECTRA OF OXYGEN SENSOR TIPS AT VARIOUS LOCATIONS



# elecirons detected

X RayPowar

VEATICAL ECALE

1000

COUNTS/INCH

FloodGun 0.0 o MJA Spot Siza: 600 u Resolution: 4

ESCA spPectrRum

.
v
o
|

CURSBOR BINDING ENERQY

—C 1o

¥
a Q
a9
| b 4
M
sAMPLE ——_ ome 7/24/1386 ninding enersy (e¥)
1000 . 0 COMMENTS Disc: X410 - DATAFILE ¢ _.7::_30_;_“ . 0 . 0
UPPER ERGY (eV] e = = e e e 89 —orl—‘— LOWER BINDING ENERGY (o¥)
OXYGEN SENSOR #H218/0049 WW-02-4 = '
AREA #1 (FARTHEST POINT FHON TIP) AS-RECEIVED
2 - I - TR T T T S s s e e Ropon #: 7030-0786 | "]
CALGORMS SURFACE SCIENCE LABORATORIEB 1206 Charleston Rd  Mounlaln View Cafifornia D4043 (415)962-8767 Spectrum .if*_ —_— ::‘.‘.’:g:
554 23000004

Figure 1-1.

ESCA Spectrum of Oxygen Sensor A218/0045 from 0 eV to 1000 eV (Location 1)
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Figure 1-13. ESCA Spectrum of Oxygen Sensor A218/0045 from 0 eV to 501 eV (Location 6)



¢1-1

# olectrons detected ——a

1000.0

UPPER BINDING ENERAY (oV)

2] v

et i

Figure I-14,

2.0 g,.,...,. ILL Bpot. 8ize; 600 u Resolution: 4

I

3

E SCA specTRUM

" S ST
e
| |

l S
-
T

! ( ) |

- 1.

—

| L
3
| IR
' a ot
| T L
] b |
| ] : s
SAMPLE: DATE. _g/_gllBBB <—hlndm° enerey (e¥)
COMMENTS, Diec: X430 DATA FILE # _’g(':;(m " 0.0
OXYGEN SENSOR #A218/0046 CENTER SECTION _  _____ ‘owehewoweidmvew
RIGHT HAND CIRCUNFERENCE (FACING FRONT) AREA 92 neoan s, 1006-0886
- epon :

SURFACE BCIENCE LABORATORIES 1208 Charteston Rd  Mountain Visw  Callioris 85043 ([415)942-8767 8pect LO I[

ESCA Spectrum of Oxygen Sensor A218/0045 from 0 eV to 1000 eV (Location 7)



91-1

# olectrons detecied —a

A Ray Power
VERTICAL SCALR

{1000

COUNTI/INCH

501.0

UPPER BINDING EMERGY (sV)

Figure I-15. ESCA Spectrum of Oxygen Sensor A218/0045 from 0 eV to 501 eV (Location 7)

Flood Gun: L Operator ___“j"‘_

.
" N |
| | '
!
,
:

e

—— o e —— i — —

i

4 e - ————

8pot Size: 600 u Resolution: 4

[

| " ESGAspecmu | ! I

|
|
|
I ‘

L L

-— P 20
-_— 2

A R
T

4

gua,u BILOING AMERAY

BAMPLE: e oAl 9/5,_1_925‘ <———hinding energy (eV)
COMMENTS - — . . .__...9_"_5 _xiao.._. —~ DATAFILE # _!OOBK 0 . 0
Region 4~
OX_YEE__N__SENSOF! .AE!B_/_(]_OSE_CE_[{!EQ SECTION _ _;_ “’-—'—:—— ——---  (OWER SINDING ENEROY (eV)
RIGHT HAND GIRCUMFERENCE (FACING FRONT) AREA #2 Rapon o, 1008-0885
SURFACE BCIENCE LABORATORIES 1208 Charleston Aid. Mk View Calllomia 94043 (415)082-8767 Spectrum #: 4/ ENTAOTD  qum

FAL
[ 113



L1-1

._# oloctrons detected ——

X RayPawes PicodQ 2.0 Operator: _MJA 8Spot 8ize: 600 u Resolution: 4

ESCA svsclzmum | ' j‘ | ‘

T

; !

1

-0 4
-C 40

|
| . I
' | l i l I !
' ! ! i | :
! ! | ' H . :
| | o | L
i ! | I n | ! : |
‘ I i 9 ' . g -
! | i i '
t o
0 ! | ! ie I : l :
| | TR Y. ?
W e
N TR |
| I L | ! |
! . i ’ i ! f : ‘,
' | f : L l S
. | , L 1 | _ |
| ' | I | !
| | '
! | ] | H ’ ' l
- ‘__ oare 8/5/1988 <——binding energy (oV)
1000.0 COMMENTS.. .. —______ . _ Diect X430 - . ce. }:2:'{0—" g 0.0
I - LOWER BINDING ENERQAY (aV)
UPPEN SINDING ENEROY [oW) oXYGEN_§EN_§°i PA218/0048 CENTER BECTI:IN L L
LEFT HAND CIRCUMFERENCE (FACING FRONT) AREA ¢3 1008-0988
e — - —_— Reponte: =
a[;] ¢ peae SURFACE GCIENCE LABORATORIES 1206 Charleston Rd  Mountaln View Calfornia 94043 (416)962-6767 Bpectrum #: /3~ scisxca

851 ¢ 5000-0004

Figure I-16. ESCA Spectrum of Oxygen Sensor A218/0045 from 0 eV to 1000 eV (Location 8)
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Figure 1-17. ESCA Spectrum of Oxygen Sensor A218/0045 from 0 eV to 501 eV (Location 8)
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Figure I-18. ESCA Spectrum of Oxygen Sensor A218/0045 from 0 eV to 1000 eV (Location 9)
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Figure I-19. ESCA Spectrum of Oxygen Sensor A218/0045 from 0 eV to 510 eV (Location 9)



