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SUBJECT: Final Report for Work Assignment No. B-8, Contract 68-03-3353,
"Catalyst Evaluation (Cert. FY 87)," SwRI Project 03-1193-008

This work assignment was intended to evaluate the condition of catalysts
removed from in-use vehicles. The catalysts were removed by EPA from 1983
Model Year In-Use Technology Assessment (IUTA) vehicles, and one low-mileage in-
use vehicle. Eleven catalysts were analyzed under this work assignment. The
catalysts represent=d monolith technology. Catalysts used by several different
manufacturers were included in the evaluation. The catalysts were either three-way
or three-way plus oxidation catalysts, with dual biscuits.

This letter report, along with the included data, is intended to be the final
report of the results from the catalyst evaluation testing. It includes all the results
from the laboratory analyses by whole converter x-ray, BET surface area, x-ray
fluorescence (XRF), proton induced x-ray emission (PIXE), and x-ray diffraction
(XRD). 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 11
converters (4 whole and 7 partial samples) were examined. A list of the converters
evaluated in the program is presented in Table 1. Only two of the converters
underwent whole catalyst x-ray; two had been x-rayed in a previous work assignment
(A254/0037 and A254/0191). Of the eleven converters, two underwent XRF, XRD,
and PIXE of the rear biscuit, and nine received all of the analytical procedures.
Only the rear bisciits were analyzed by XRF. A detailed description of the
laboratory analytical procedures is presented in the final reports for Work
Assignments No. 10 and 17 of Contract 68-03-3162, with the exception of PIXE.

L Laboratory Analysis
The laboratory analysis of the catalyst samples consisted of whole converter
x-ray, BET surface area, x-ray fluorescence (XRF) , PIXE, and x-ray diffraction

(XRD). The catalyst samples were examined as follows:

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

A221/0198
A221/0310
A280/0005L
A220/0400
A230/0649
A230/0734
A246/0092
A240/0007
A240/0270
A254/0037

A254/0191

TABLE 1. LIST OF CATALYSTS FOR EVALUATION

Manufacturer

Chrysler
Chrysler
Chrysler
GM

GM

GM

GM

Ford
Ford
Toyota

Tovyota

Engine Family

DCR2.2V2ZHAC3
DCR2.2V2HAC3
ECRZ2.2VZHAC4
D4G3.8V2ZNEA3
D1G2.0V2XAJ4
D1G2.0V2XAJ4
D1G3.8V2NDA4
DFM1.6V2GDK6
DFM1.6V2GDK6
DTY2.4V5FBB2

DTYZ2.4V5FBB2

Type of Catalyst

Dual biscuit 3W-0X

Dual biscuit 3IW-0X

Dual biscuit 3W-0OX

Dual biscuit 3W-0X

Dual biscuit 3W

Dual biscuit 3W

Dual biscuit 3W-0OX

Dual biscuit 3W-0X

Dual biscuit 3W-0X

Dual biscuit 3W-0OX

Dual biscuit 3W-0X



2. The whole converters were visually inspected, weighed with and without
any heat shields, and then carefully cut to expose the catalyst material.
All catalyst samples were visually inspected and weighed.

3. Each converter was disassembled in a manner to expose the catalyst
material with a minimum of disturbance.

a. In step one, the catalyst was sectioned into quarter pieces. The
upstream biscuit of the catalytic converter was sectioned as
pictured in Figure 1. Each quarter has a length "L" the same as the
length of the original uncut biscuit, but a height and width half of
tt e original height and width (1/2H and 1/2W),

b. In step two, one of the quarter sections was further sectioned into
three pieces as shown in Figure 1. The front piece had a length of
0.5 inch, the rear piece had a length of 1.0 inch, and the middle
piece had a length of "L - 1.5 inches." From the center of the
middle piece, a 0.5-inch sample was taken. Each of these three
0.5-inch samples underwent surface area analysis. The opposite
quarter was submitted in its entirety for (XRD) analysis. Samples
were scraped from an area no larger than 0.25 cubic inches along
the center line of the catalyst. One sample each was taken 1 inch
from the front and rear faces, and the third sample was taken at
the midpoint of the length of the substrate and 0.5 inch from the
outside surface.

c. Tvio of the quarter sections shown in Figure 1 were not subjected
to any immediate analysis when a whole catalyst was supplied.
These samples were kept as additional material for future analysis.
Partial catalyst samples were sectioned starting with step two.

d. The downstream biscuit was sectioned by cutting the substrate into
quarters similar to the upstream substrate. One sample each was
taken 0.5 inch from the front face and the rear face as shown in
Figure 2. Each of these two pieces underwent BET surface area
analysis. The remaining middle section was submitted for XRD.
The XRD samples from the B biscuit were scraped from an area
no: larger than 0.25 cubic inch along the center line and 1.0 inch
from the front face. This was the only sample for XRD from the B
biscuit. The entire quarter section positioned diagonally from the
section used for BET surface area analysis was used for PIXE
analysis. The remaining two quarter sections from the four whole
converters (when provided) did not undergo analysis at this time,
but were saved for future work.

A. Sample Identification

For the purpose of identifying the converters analyzed in this program, each
converter was designated with the seven or eight digit EPA 1dentification code.
Once the converters were opened, the upstream biscuit was labeled "A," and the
downstream biscuit was labeled "B.," Each quarter section from the A biscuit was
designated according to its location within the can (UL-upper left, UR-upper right,
LL-lower left, LR-lower right). The samples for BET surface area and PIXE were
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also designated with respect to their locations in the biscuit. The location along
the length of the quarter section was labeled 1, 2, or 3, respectively, for the
upstream, middle, or downstream position. The exception to this rule was for the B
biscuit; no middle s5ample was taken for the BET surface area analysis. In this case,
"2" indicated the downstream location. The labeling designations are listed in Table
2. The term "biscuit” is used to refer to each individual piece of ceramic
honeycomb material in a converter.

B. Whole Catalyst X~-Ray

Two of the converters were examined by whole catalyst x-ray (A280/0005L
and A246/0092). The other two whole converters in this work assignment
(A254/0037 and A254/0191) were examined by whole catalyst x-ray in Work
Assignment No. 20 of EPA Contract 68-03-3192. The radiographs taken 1n this work
assignment are included in Appendix A. Both converters appear normal. Converter
A246/0092 had several couplings welded to the outside of the case with
thermocouple conrnectors. Upon careful examination, the positions of the holes
drilled for the thermocouples can be observed in the radiographs.

C. Sample Weighing

The weights of the various samples were determined 1n several stages. All of
the whole convertsrs were weighed whole, and each biscuit was weighed after
opening. All of the 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 weilghts of the biscuits before the samples
were taken must be known or estimated. All of the weights are presented in Table
3.

D. Visual Inspection

Each whole converter and biscuit was inspected for visual signs of overheating
or damage. Cataly=t A230/0734-A was severely melted. A large void had developed
about two inches from the front face. This was the only visible example of melting
in this work assignment. Several samples had developed cracks. They were:
A221/0310-A, A220/0400-B, A230/0649-A&B, A230/0734-B, A246/0092-A&B, and
A240/0270, Catalyst A246/0092 had been drilled in an effort to place
thermocouples into the center of the biscuit. All of the catalysts showed typical
signs of usage (dark front faces with rust on outer surfaces).

E. Specific Surface Area

The specific surface areas of the whole length of all biscuits 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.



TABLE 2. LABELING PROCEDURE CODE

A
B
Ul
UR
LI,

LR

Description

Upstream biscuit
Downstream biscuit

Upper left portion of biscuit
Upper right portion of biscuit
Lower left portion of biscuit
Lower right portion of biscuit
Upstream piece of section

Middle piece of section or downstream
when no middle piece taken

Downstream piece of section



TABLE 3. CONVERTER WEIGHTS

Converter Whole Biscuit Weights, g
Number Coaverter, lbs. Upstream (A) Downstream (B)

A221/0198 - 264.4/277.8 112.4/108.3
A221/0310 -- 257.3/229.0 116.3/110.4
A280/0005L 10.00 1121.6 463.1
A220/0400 - 216.3/237.7 155.6/149.0
A230/0649 - 188.4/197.5 145.5/144.0
A230/0734 - 189.0/192.2 138.5/155.5
A246/0092 11.37 865.7 731.0
A240/0007 - 106.9/104.9 144.6/144.5
A240/0270 - 99.9/103.5 135.4/152.0
A254/0037 9.65 7917.5 838.6
A254/0191 11.58 794.0 790.00

Note: Converters A280/0005L, A246/0092, A254/0037, and A254/0191 where
whole converters. All others represent lengthwise quarters. The first listed
weight represents the lower left portion and the second weight represents the
upper right portion.



Conversely, a normal surface area does not necessarily indicate a normal catalyst,
because the deposts can increase the apparent surface area while covering the
surface and preventing contact with the exhaust gases. In this work assignment, the
surface area of 0.5 inch pieces from the front, middle, and rear of the upstream
biscuit and the surface area from the front and rear pieces of the downstream
biscuit were analyzed. These large wedges were placed in a large sample tube and
analyzed whole. The sample tube consisted of a large tube with a ground glass joint
in the middle, or the sample was entirely sealed in glass. Either method was equally
effective, except the tube with the ground glass joint experienced a problem with
breakage. In order to eliminate this problem, all subsequent samples were sealed in
glass.

Upon completion of the analysis of the LL1 piece, the sample was ground to a
coarse powder (approximately 100 mesh). This sample was also analyzed for surface
area. The results for the specific surface areas are presented in Table 4. The plots
for the BET equaticn versus the relative pressure for each converter are included in
Appendix B.

F. X-Ray Diffraction

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 criginal 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 crvstalline 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 5
lists the alumina crystal structure of each sample and any other crystalline
compounds observed in the samples.

G. Proton Induced X-Ray Emission

Proton induc2d x-ray emission (PIXE) was wused to determine the
concentrations of noble metals and the accumulation of poisons. This technique
utilized protons to "knock" electrons from the inner orbital shells. The electron
removal causes the element to fluoresce x-rays at characteristic wavelengths.
These fluoresced x-rays are detected, and they represent the quantity of each
element present in the sample.

The elements of concern were phosphorus (P), sulfur (S), calcium (Ca),
manganese (Mn), zirc (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
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TABLE 4. CATALYST SPECIFIC SURFACE AREA

Total Surface

Specific Surface Area, mz/g Area for Whole
Front Biscuit(A) Rear Biscuit(B) Biscuit,* m?2

Biscuit No. LLl LL2 LL3 Powder UR1 UR2 Front Rear
A221/0310 2.3 2.7 3.5 3.8 4.9 5.1 2800 2300
A280/0005L 6.¢€ 3.6 3.0 7.8 5.1 6.6 4900 2700
A220/0400 10.5 15.4 9.2 12.0 7.0 7.1 10600 4300
A230/0649 5.0 12.4 12.5 8.6 9.8 9.1 7700 5500
A246/0092 7.8 15.4 15,7 8.9 10.6 7.9 11200 6800
A240/0007 15.2 14.2 22.8 17.0 3.9 5.8 7400 2800
A240/0270 5.9 8.1 10.9 8.7 5.0 5.7 3400 3100
A254/0037 6.4 7.4 6.5 7.7 7.4 7.0 5400 6000
A254/0191 9.7 8.5 10.1 11.3 8.1 8.8 7500 6700

*Total biscuit surface area based on average of surface area and total weight of biscuit.
For partial samples, the total weight of the biscuit was estimated based on the amount
of sample received. The partial samples were A221/0310, A220/0400, A240/0007, and
A240/0270.



Biscuit
Numbers

TABLE 5.

ALUMINA CRYSTAL STRUCTURE BY X-RAY DIFFRACTION

Alumina Crystal Structure and Other Crystalline Structures Found

Front Face (UR1)

Middle Outer Edge (UR2)

Rear Face (UR3)

A221/0198-A

A221/0198-B

A221/0310-A

A221/0310-B

A280/0005L-A

A280/0005L-B

A220/0400-A

A220/0400-B

A230/0649-A

A230/0649-B
A230/0734-A
A230/0734-B
A246/0092-A
A246/0092-B

A240/0007-A

A240/0007-B

A240/0270-A

A240/0270-B

A254/0037-A

A254/0037-B

A254/0191-A

A254/0191-B

intermediate alumina (gamma, delta, or theta) with
trace of CeO) or ZnS and AIPOy4

intermediate alumina (gamma, delta, or theta)

mostly alpha alumina with some theta, possible
unidentified phosphate phases and CeO; or ZnS

intermediate alumina (probably theta)

mostly theta alumina with CeO;

intermediate alumina (gamma or delta)
intermediate alumina (probably gamma) with NiO
and CeOg or ZnS, trace of AIPO4 and Ni,
possible spinel cubic NiAl, 04

intermediate alumina (prrobably theta)

intermediate alumina (probably gamma or mixture
of gamma and delta)

intermediate alumina {gamma) with CeO,
mostly gamma alumina with possible AlIPOy4
mostly alpha alumina

mostly gamma alumina with NiO

mostly theta alumina

intermediate alumina (gamma, delta, or theta) with
N10 and possible Ni

intermediate alumina (gamma, delta, or theta) with
possible CeO;

intermediate alumina with spinel cubic NiAl; Oy,
possible NiO and trace of AIPO4

intermediate alumina with CeO;

mostly delta alumina with CeO; or ZnS, possible NiO

mostly delta alumina with CeO;

mostly delta alumina with CeO; or ZnS

mostly delta alumina with CeO;, possible CeAlO3

intermediate alumina (gamma, delta, or theta) with
CeO; or ZnS

intermediate alumina (probably theta) with CeO;

mostly theta alumina with trace of alpha with
CeO)

intermediate alumina (probably gamma) with NiO and

CeO3, possible spinel cublc NiAl; 04

intermediate alumina (probably gamma or mixture
of gamma and delta)

mostly alpha alumina

mostly gamma alumina with NiO

intermediate alumina (gamma, delta, or theta) with
NiO and possible Ni

intermediate alumina with spinel cubic NiAl; Oy,
possible NiO and CeOj or ZnS

mostly delta alumina with CeO3, possible N10
and CeAlOj

mostly delta alumina with CeO3, possible N1O
and CeAlOj

intermediate alumina (gamma, delta, or theta) with

CeO3 or ZnS

intermediate alumina (probably theta) with CeOp

intermediate alumina (gamma or delta) with CeOp

intermediate alumina (probably gamma) with NiO
and CeO3, possible spinel cubic NiAl;04

intermediate alumina (probably gamma or mixture
of gamma and delta)

mostly alpha alumina

mostly gamma alumina with NiO

intermediate alumina (gamma, delta, or theta) with
N{O and possible Ni

intermediate alumina with spinel cubic NiAl; Oy,
possible NiO and CeOp

mostly delta alumina with CeO;, possible N1O
and CeAlOj

mostly delta alumina with CeO;, possible NiO
and CeAlO3

=
'—.I
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the catalytic activity. Aluminum (Al), silicon (Si), and magnesium (Mg) are major
constituents of the support material, and were not quantitatively determined. The
minor constituents such as sodium (Na), potassium (K), titanium (T1), iron (Fe),
cerium (Ce), and barium (Ba) were also not quantified. The elements Na, K, and Ti
are present in smzll amounts from the clays used to make the cordierite ceramic.
Titanium is also probably present in the converters as a whitening agent for the
ceramic substrate., Cerium was added to inhibit the conversion of gamma-alumina
with a higher surface area to alpha alumina with a lower surface area at the
elevated temperatures experienced within the converters, and also to increase the
catalytic activity of the converter when present in concentrations of one percent or
more. Iron was probably from the engine, as a wear product, the exhaust system
due to rust, or as an impurity in the ceramic substrate. Barium was also found in
some of the samples.

The samples were prepared by grinding the entire pieces to a coarse powder
(approximately 50 mesh). Approximately 10 grams of the coarse powder were taken
and ground in its entirety to a very fine powder (400 mesh). The analysis was
conducted by Dr. Sene Bauman, Element Analysis Corporation. Matrix corrections
and data analysis were performed at Elemental Analysis Corporation and reviewed
by SwRL

The weight percentages of each element are included in Table 6. 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. Table 6 also includes the other
elements found in each sample which were not quantified.

H. X-Ray Fluorescence

In addition to PIXE, a sample from the rear biscuit was also 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. The
samples were prepared using the sample procedure described for PIXE. The samples
were sent to Mr, F:ank Black, EPA, Research Triangle Park, and analyzed by Mr.
Robert Kellog, Northrup Services, Inc. Matrix connections and data analysis were
performed at Northrup Services, Inc. and reviewed by SwRIL.  The data are
summarized in Table 7, and the individual results are included in Appendix C.

L Miscellaneous

In Work Assignment No. 20 of EPA Contract 68-03-3192, the normalized
weight percent ratios were calculated for P, S, Ca, Mn, Pb, and Si from the
SEM/EDX spectra. Zinc was not included in that work assignment. The data were
resurrected in order to calculate the normalized weight percent ratios for zinc.
Each element was normalized to the aluminum concentration in each sample. The
data are summarized in Table 8.

IV. Quality Assurance and Correlation

The quality assurance plan for this work assignment is covered under sections
1 and 2D-11D of the Quality Assurance Plan for Contract 68-03-3353 "Emission
Characterization ancl Control Studies for ECTD." This document discusses in detail
project organization, responsibility, objectives, procedures, sample custody, control
checks, preventive raaintenance, and other aspects of the program to assure the



TABLE 6. ELEMENTAL ANALYSIS OF NOBLE METALS AND POISONS BY PIXE

Biscuit Sample Welght Percent of Element
Number Location P S Ca Mn Ni Zn Rh Pd Pt Pb Others
A221/0198-B LL . 0.0720.02  0.0610.01 0.0110.0004 trace 0.0249.0002 . 0.1740.002 . 0.020.001  Na,Mg,ALSi,Ti,Fe
A221/0310-A LL1 1.740.5 . 0.13%0.01 0.0710.003 0.0440.001 0.46%0.001 trace 0.0210.01 0.1140.01 4.1520.01 Mg, ALSLK,Ti,Fe,Ce
LL2 0.4410.04 0.06+0.03 0.06%0.01 0.0210.002 0.02£0.0003 0.07£0.0003 0.0110.003 * 0.1310.004 0.4410.002  Na,Mg,Al,Si,Ti,Fe,Ce
LL3 0.11%0.05 0.0810.02 0.0610.01 0.01%0.002 0.01£0.0003 0.03£0.0003 0.0130.003 » 0.10%0.003 0.19%0.002  Na,Mg,A1,S1,Ti,Fe,Ce
A221/0310-B LL » 0.0620.02  0.04%0.01 0.0110,0005 trace 0.0210.0002 . 0.15%0.004 * 0.7420.002  Na,Mg,A}Si,Ti,Fe
A280/0005L-A LL1 2.0110.05 0.1310.03 0.0320.01 0.1320.003 0.02£0.0004 0.6310.001 0.0110.004 . 0.0810.01 0.3120.003 Na,Mg,AlLSi,K,Ti,Fe,Ce
LLZ 0.4110.06 0.0620.03 0.08+0.01 0.0210.001 0.0110.0003 0.0720.0004 0.0110,002 » 0.0810.003 0.0420.001 Na,Mg,Al,S,K,Ti,Fe,Ce
LL3 0.1920.05 0.1710.02 0.0740.02 0.0210.002 trace 0.0510.0003 0.01+0.0003 * 0.1440.003 0.010.001 Na,Mg,ALS1,K,Ti,Fe,Ba,Ce
A280/0005L-B LL trace 0.16X0.02  0.1320.01 * . 0.11%0.0002 . 0.39+0.002 0.01%0.003 0.2020.001  Na,Mg,AlLSi,K,Ti,Fe
A220/0400-A 111 1 R10 04 01040 04 a.00%0 01 a.m23n 003 1.5828.081 $.35.0.002 0.02290.u1 U.UbIU.UUS 0.0420.0} 2.38%0.01 Na,Mg,AlSi,K,Tl,Fe,Ba,Ce
LL2 0.6620.04 0.2310.03 0.0320.02 0.0120.003 2.0210.001 0.0420.001 0.0240.01 0.050.01 0.0440.01 0.3610.003  Na,Mg,A),Si,K,Ti,Fe,Ba,Ce
LL3 0.1410,05 0.2240.02 0.0640.02 trace 1.6110.001 0.0410.001 0.02+0.01 0.0520.01 0.04%0.004 0.1120.002  Na,Mg,AlSi,K,Ti,Fe,Ba,Ce
A220/0400-B LL 0.1410.03 0.15%0.02  0.10%0.01 0.01£0.0004  0.0110.0002 0.01%0.0002 . 0.01%0,001 0.17£0.002  0.18%0.001  Na,Mg,ALSi,Ti,Fe
A230/0649-A LLI 1.61%0.04 0.180.04 0.2410.02 0.020.002 0.0510.0004 0.5210.001 trace 0.05+0.001 0.1110.01 0.6110.003 Na,Mg, AL, S1,K,Ti,Fe,Ce
LL2 0.4720.05 0.0720.03 0.0720.02 trace 0.020.0003 0.0310.0003 0.0110.003 0.05£0.003 0.1110.003 0.0310.002  Na,Mg,Al,Si,K,Ti,Fe,Ce
LL3 0.13%0.05 0.1210.03 0.0520.02 * 0.0340.0003 0.0240.0003 0.0210.003 0.0540.004 0.1110.002 0.0320.002  Na,Mg,Al,S1,K,Ti,Fe,Ce
A230/0649-B LL trace 0.1710.03 0.08%0.02 . 0.01%0.0003 0.02%0.0004 0.02+0.002 0.0620.003 0.16%0.003 0.04%0.002  Na,Mg,ALSi,Ti,Fe,Ce
A230/0734-B LL 0.14%0.04  0.1720.02  0.10:0.02 * 0.0110.0004 0.0310.0004 0.03+0.001 0.0910.004 0.2040.003 0.01%0.002  Na,Mg,AlLS,Ti,Fe,Ce
A246/0092-A LL1 1.4520.04 0.4620.03 0.0620.01 0.0310.003 1.9620.001 0.1230.001 0.0240.004 0.0440.004 0.0820.01 0.730.01 Na,Mg,AlLS},K,Ti,Fe,Ba,Ce
LL2 0.360.04 0.5840.02 0.0410.01 trace 2.80%0.001 0.020.001 0.0310.001 0.05£0.002 0.1110.004 0.1410.001 Na,Mg,Al,S1,K,Ti,Fe,Ba,Ce
LL3 0.1210.04 0.6610.02 0.0510.01 . 3.13%0.002 0.0240.001 0.0310.01 0.0610.003 0.1310.005 0.0610.003 Na,Mg,ALSi,K,Ti,Fe,Ba,Ce
A246/0092-B LL trace 0.7420.02  0.06%0.01 0.0110.001 0.02*0.0003 0.0110.0003 . 0.0410.002 0.29%0.002  0.04%0.001  Na,Mg,AlSi,Ti,Fe,Ba
A240/0007-A LL1 2.33%0.05 0.5710.03 0.0510.02 0.0520.003 2.1110.001 0.2810.001 0.0310.01 . 0.1110.01 0.3810.004 Na,Mg,AlLSi,K,Ti,Fe,Ba,Ce
LL2 0.87%0.05 0.4910.03 0.04+0.01 0.02+0.002 1.7540.001 0.0610.001 0.02% 0.01 . 0.0810.004 0.0910.002  Na,Mg,Al,Si,K,Ti,Fe,Ba,Ce
LL3 0.1710.05 0.2610.03 0.0410.01 0.0110.001 0.7020.0004 0.0120.0004 0.0110.002 » 0.0410.002 0.0110.001 Na,Mg,ALS1,K,Ti,Fe,Ba,Ce
A240/0007-B LL 0.25%0.04  0.56%0.02  0.07%0.01 0.01%0.002 0.2040.0003 0.0920.0004 . 0.0720.0007 0.12%0.004  0.08%0.002  Na,Mg,AlS1,T,Fe,Ce
A240/0270-A LL} 2.02£0.05 0.2020.03 0.1310.02 0.08+0.003 2.8110.001 0.520.001 0.0240.005 . 0.0710.02 0.8410.01 Na,Mg,AlSi,K,Ti,Fe,Ce
LL2 1.25%0.04 0.1720.03 0.0810.02 0.0520.004 4.9240.002 0.1620.002 0.0310.004 . 0.1320.01 0.3210.01 Na,Mg,ALS1,K,Ti,Fe,Ce
LL3 0.460.05 0.09£0.03 0.0720.02 0.0210.002 2.02+0.001 0.0510.001 0.01+0.004 b 0.0510.01 0.1010.003 Na,Mg,ALS1,K,Ti,Fe,Ce
A240/0270-B LL 0.16%0.04  0.14%0.02 0.0510.01 0.01*0.001 0.070.002 0.0320.0003 . 0.0410.002 0.05%0.002  0.05%0.001  Na,Mg,AlSi,Ti,Fe,Ce
A254/0037-A LL1 1.7520.04 0.35%0.03 0.1510.01 0.1240.004 0.01%0.0004 0.2120.001 0.05%0.004 * 0.2410.01 0.4110.003 Na,Mg,Al,Si,K,Ti,Fe,Ba,Ce
LL2 0.3420.04 0.8620.03 0.0820.02 0.0110.005 0.0120.0004 0.0210.0004 0.03*0.005 * 0.2440.004 0.06¥0.002 Na,Mg,AlLSi,K,Ti,Fe,Ba,Ce
LL3 0.160.05 0.830.03 0.0810.02 0.0110.004 0.0120.0004 0.0220.0004 0.0310.004 . 0.2220.004 0.0320.002 Na,Mg,Al,S},K,Ti,Fe,Ba,Ce
A254/0037-B  LL trace 1.4910.03 0.1020.02 . . 0.0310.0001 0.0720.01 * 0.4220.004 0.04%0.002  Na,Mg,Al,SiK,Fe,Ba,Ce
A254/0191-A LL} 1.45£0.04 1.06£0.04 0.0920.02 0.0410,01 0.02+0.001 0.2120.001 0.0320.01 * 0.2520.01 0.8710.01 Na,Mg, Al,S5,K,Ti,Fe,Ba,Ce
LL2 0.3410.05 0.8910.03 0.0710.02 . trace 0.0310.005 0.0310.01 . 0.2210.004 0.1810.003 Na,Mg,AlS},K,Ti,Fe,Ba,Ce
LL3 0.120.05 1.0140.03 0.0710.02 . trace 0.0120.0004 0.02+0.004 . 0.2020.003 0.0610.002  Na,Mg,AlSi,K,Ti,Fe,Ba,Ce
A254/0191-B LL . 1.40+0.03 0.0910.02 . . 0.04%0.0007 0.05%0.007 . 0.5310.01 0.09%0.003  Na,Mg,AlS1,K,Fe,Ba,Ce

* - below the detection hmit
trace - at the detection limit
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TABLE 7. ELEMENTAL ANALYSIS OF CATALYST POISONS BY X-RAY FLUORESCENCE

Biscuit Number P S Ca Mn Ni Zn Pb Others
AZLi/0150-D-LL U.112U.U1 0.1570.01 0.24*0.01 trace trace 0.0210.001 0.04%0.002  Mg,AlSi,K,Ti,Fe,Ce,Pt
A221/0310-B-LL 0.07X0.004 0.16%0.01 0.08%0.004 0.01*0.001 trace 0.03%0.002 1.24%0.06 Mg, Al,51,K,Ti,Fe,Ce,Pt
A280/0005L-B-LL. 0.08*0,005 0.13%0.01 0.09+0.005 0.0210.001 trace 0.0610.003 0.13%0.01 Na,Mg,A),S4,K,Ti,Fe,Ba,Ce,Pt
A220/0400-B-LL 0.06X0.004 0.09+0.01 0.08%0.004 trace 0.0110.0004 0.04%0.002 0.11%0.01 Na,Mg,A),S1,K,Ti,Fe,Ba,Ce,Pt
A230/0649-B-LL 0.04%0.003 0.1310.01 0.080.004 trace 0.0110.001 0.0110.001 0.0210.001 Mg,AlS1,K,Ti,Fe,Ba,Ce,Pt
A230/0734-B-LL 0.05%0,003 0.10+0.01 0.09+0.004 trace 0.01+0.0005 0.0210.001 0.01%0.001  Mg,A),Si,K,Ti,Fe,Ba,Ce,Pt
A246/0092-B-LL 0.0210.002 0.5610.03 0.050.003 0.01%0.001 0.0110.001 0.0110.001 0.0210.001  Mg,A)Si,K,Ti,Fe,Ba,Ce,Pt
A240/0007-B-LL 0.10%0.01 0.3610.02 0.0720.004 0.01*0.001 0.10X0.001 0.0510.003 0.04%0.002 Mg,AlSi,K,Ti,Fe,Ba,Ce,Pt
A240/0270-B-LL 0.22%0.01 0.30X0.02 0.10%0.005 0.02%0.002 0.1310.01 0.0710.004 0.14%0,01 Mg, Al S4,K,Ti,Fe,Ba,Ce,Pt
A254/0037-B-LL 0.0310.002 1.01X0.05 0.0720.004 0.01X0.001 * 0.0110.001 0.0120.001  Mg,AlSi,K,Ti,Fe,Ce,Pt
A254/0191-B-LL 0.03%0.002 0.9110.05 0.05%0.003 trace * 0.0110.001 0.0210.001 Mg, AL, S1,K,Ti,Fe,Ce,Pt

trace - at detection limit
* - below detection limit
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TABLE 8. SURFACE WEIGHT PERCENT OF ELEMENTS
NORMALIZED TO ALUMINUM

Biscuit
Number

A180/0094
A193/0908
A218/0045
A218/0045X
A218/0045X*
A218/0068
A220/0392
A220/0392%
A220/0810
A221/0152
A221/0204
A221/0447
A221/0447*
A230/0177X
A230/0177X*
A230/0636X
A240/0016L
A240/0016L*
A240/0102
A240/0141L
A240/0153
A240/0334L
A249/0169-1
A249/0169-1%*
A249/0169-2
A249/0169-3
A280/0001L
A155/0941-1
A155/0941-2
A207/0101

Normalized Weight Percent

__P S Ca Mn Pb S1 Zn
17.40 0.21 3.61 1.24 82.64 0.25 26.13
3.09 2.80 0.54 0.36 1.55 2.84 3.75
15.06 2.04 4.08 0.91 42.56 2.26 26.03
15.65 10.17 2.48 0.75 34.38 11.44 32.53
0.20 0.01 0.04 ND 0.09 0.02 0.07
49.54 2.89 11.04 1.23 155.73 3.42 97.31
3.34 2.09 0.77 0.08 5.17 2.23 3.80
0.12 0.02 0.01 ND 0.03 0.02 0.02
11.45 0.68 2.95 0.10 8.15 0.80 18.44
10.90 24.96 2.58 5.20 19.51 24.36 20.65
12.64 1.55 2.41 0.24 14.88 1.94 37.71
2.03 2.94 0.28 0.12 13.07 3.14 2.82
0.03 0.04 0.003 ND 0.02 0.06 0.002
0.56 0.37 0.09 0.05 0.27 0.42 0.45
0.05 0.03 0.01 ND 0.02 0.05 0.03
1.68 0.23 0.23 0.08 3.09 0.27 1.60
2.40 0.61 0.35 ND 8.58 0.72 3.62
).45 0.10 0.04 ND 0.87 0.12 0.14
3.47 1.20 1.01 0.08 3.42 1.33 3.93
9.12 37.62 0.85 4.03 6.20 30.63 7.17
1.71 0.10 0.13 0.27 1.15 0.11 1.02
.74 0.41 0.03 0.03 1.46 0.45 0.31
{.48 0.58 0.08 0.05 1.08 0.54 0.18
.05 0.01 0.01 ND 0.04 0.02 0.02
.76 4.04 0.10 0.12 1.83 3.56 0.39
.29 0.41 0.87 ND 14.60 0.56 0.73
9.04 2.19 2.27 1.68 3.60 2.49 13.21
“.64 0.60 0.67 0.51 0.70 0.64 2.15
0.72 0.52 0.21 0.07 2.26 0.52 1.32
(.35 0.07 0.01 0.07 0.03 0.08 0.05

*Rear Face of A biscuit for comparison within each engine family
ND - none detected

15
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accuracy and precision of the results presented in this report. A listing of
precision, accuracy, and completeness is presented in Table 9. All measurements
are representative >f the catalyst properties and conditions being measured.

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 operatiig range and linearity, as well as confidence in the analytical
procedure. In this work assignment, the surface areas were determined with a
multipoint technique. A curve was established for the various gas concentrations to
determine the calitration knob setting for the instrument (Figure 3). The standards
were analyzed using this technique, and the results are given in Table 10. A plot of
the BET equation versus the relative pressure for the standards is presented in
Appendix D. In geoneral, the standards repeated within the published confidence
limits for the entire range of standards (0.62 mZ/g to 265 mz/g).

In an effort :o correlate the data from this work assignment with previous
work assignments, an alternative procedure for preparing the samples for surface
area was used. The coarse powder {approximately 50 mesh) from ten samples was
analyzed for surface area and compared to the results for the bulk strips which were
cut from the center core of the biscuit and analyzed as a single sample. The results
for the two sampling techniques are presented in Table 11, and the plots of the BET
equation versus the relative pressure are included in Appendix E. The surface areas
for the ground samgples were lower in all cases except for A220/0810-A, A221/0447-
A, and A155/0941-1-A. All three of these samples were from the A biscuits. The
A220/0810-A was tie only sample from the group which contained alpha alumina.
The other two catalysts were from Chrysler vehicles. Ground catalyst samples from
the upstream biscu t apparently result in higher surface areas than the unground
samples. These results were also observed for front face samples listed in Table 4.
No conclusions can be drawn without additional work to confirm the sources of this
phenomenon.

In an effort to demonstrate the precision and accuracy for the XRF procedure,
a sample analyzed in Work Assignment No. 20 from EPA Contract 68-03-3192 was
selected at random and repeated during this work assignment. The results are listed
in Table 12 and Figure 4. In general, the current results agreed very well with the
previously published results. The largest error was for Ni, but the concentration was
so low that the error does not indicate a significant problem. When Ni is excluded,
the average percent difference is 0.3 £ 3.8, Phosphorus and lead values were higher,
while sulfur and pla.inum were lower. The precision and accuracy for XRF depend
on the concentration of the elements, the elements present, the homogeneity of the
sample, and the size of the particles in the pellet.

V. Summary

In summary, a total of 11 catalysts were examined by whole converter x-ray,
x-ray fluorescence, x-ray diffraction, PIXE, and BET surface area analysis. Of
these 11 catalysts, 4 were whole converters and 7 were partial catalyst samples.
This letter report 1s 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.



TABLE 9. PRIECISION, ACCURACY, AND COMPLETENESS OBJECTIVES

Analytical Precision Coeff. Completeness
Procedures of Variation, 7% Accuracy %
Whole catalyst X-ray NAa 0.02b >95
2-2T¢C
X-ray fluorescence 1-3 *15% >95
X-ray diffraction 5 5% >95
BET surface area 7 3% >95
PIXE 15 ¥5% 95

ANA = not applicab]g—
geometric unsharpness
Csensitivity

17
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TABLE 10. QUALITY ASSURANCE OF SURFACE AREA STANDARDS

Standard Standard Surface Measured Surface Percent
Composition Area, mng Area, mZ/g Difference
Zinc oxide 0.6210.04 0.61 -1.6
Alpha alumina 0.78 NBS 0.73 -6.4
Alumina 1.39%0.12 1.38 -0.7
Alumina 3.04%0.25 3.21 5.6
Titanium dioxide 7.0510.7 6.97 -1.1
Alumina 14.010.6 14.00 0.0
Graphitized Carbon 71.3 NBS 73.13 2.6
Black

Alumina 81.4%6.2 82.37 1.2
Alumina 265111 220.5 -16.8

Average -1.9%6.5
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TABLE 11. SPECIFIC SURFACE AREA OF SELECTED POWDER SAMPLES

Specific Surface Total Surface Percent
Converter Area, mz/g Area, m? DifferenceP

Core Powder Core  Powder
A221/0447-A 4.8 5.8 5300 6400 20.8
A221/0447-B 6.0 6.0 3800 2800 -25.0
A220/0810-A 4.7 9.4 4200 8500 100.0
A220/0810-B 9.4 7.4 5900 4600 -21.3
A230/0177X-A 21.4 14.9 17,100 11,900 -30.4
A230/0117X-B 14.3 12.0 9400 7900 -16.1
A155/0941-1A 5.6 6.0 45002 76002 66.7
Al155/0941-2-A K | 2.3 15002 11002 -25.8
A240/0141L-B 0.7 8.8 4900 4400 -9.3
A240/0334L-A 17.9 12.7 8000 5100 -36.2

dtotal surface area hased on biscuit weights of converter A155/0926
bpased on specific surface areas



TABLE 12. QUALITY ASSURANCE FOR XRF (SAMPLE A220/0810-B)

Work Assiznment Percent
Elemeni 204 gb Difference
P 0.4810.02 0.50X0.03 4.2
S 1.15X0.06 1.0910.05 -5.2
Ca 0.20%0.01 0.2020.01 0.0
Mn 0.0110.001 0.0110.001 0.0
Ni 0.0210.001 0.01%0.001 -50.0¢
Zn 0.25%0.01 0.2510.01 0.0
Pt 0.3710.02 0.36}0.02 -2.7
Pb 0.1720.01 0.1810.01 5.9
Others Na,Mg,Al,S], Na,Mg,Al,Si,

X,Ti,Fe,Ba,Ce K,Ti,Fe,Ce

4EPA Ccntract 68-03-3192, Work Assignment No. 20
PEPA Ccentract 68-03-3353, Work Assignment No. 8
CLarge percent difference due to low value. Probably not
significent
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We hope that the results from these catalyst evaluations will help to answer some of
the EPA questions about relationships concening the catalyst condition. Please
contact us if there are additional questions, or if we can be of further assistance.

Prepared by: Reviewed by:
(‘—7
3 - il /\a
A ] ) /
N L (o laded T g
E. Robert Fanick Charles T. Hare
Research Scientist Director

Department of Emssions Research Department of Emissions Research



APPENDIX A

WHOLE CATALYST X-RAY RADIOGRAPHS
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Figure A-1. X-Ray Radiograph of A280/0005L
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Figure A-2. X-Ray Radiograph of A246/0092
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APPENDIX A

WIIOLE CATALYST X-RAY RADIOGRAPHS
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Figure A-1. X-Ray Radiograph of A280/0005L
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Figure A-2. X-Ray Radiograph of A246/0092



APPENDIX B

BET EQIJATION VERSUS RELATIVE PRESSURE
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PAGE 4 CONVEFITER SURFACE AREA ANALYSZS A221/031C0-A (LL-2)
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Figure B-2. Plot of BET equation versus relative pressure for
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Figure B-7. Plot of BET equation versus relative pressure for
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Figure B-8. Plot of BET equation versus relative pressure for
Converter A280/0005L~-A-LL2

B-9



PAGE 4 CONVERTER SURFACE AREA ANALYSIS A280/005L-A-LL~-3

O+'III+IIIl+lll.+l...+l..l+l.l.+ill.+...l+...Q+'..l+I.0l+lll.+l.'.

4+ 8

.1875

+eo s 8 @

.1750

+o o 8 o

1625

+ 0 o o o

.1500

<N X

+o 5 o @

.1375

+ o o o o

.1250

+o a o @

.1125

+ s s a »

.1000

0875 + X

I+COYI+..IU+-'II+III.+IQI|+IIQI+'.l.+.lll+l lll+l..l+lill+llll

.048 .060 072 .084 .086 .108
= 2

COR= 1,000 p/PO
MEAN ST.DEV, REGRESSION LINE RES,!S.
X  .08351% 04962 X= ,58716*Y-,01224 0.0000
Y ,13%33 ,07222 Y= 1.4553*X+ ,01781 0.0000
VARIABLE 1 P/PO VERSUS VARIABLE 2 X/V SYHBOL=X

Figure B-9. Plot of BET equation versus relative pressure for
Converter A280/0005L-A-LL3

B-10

+

X

042 054 .066 .078 .080 .102 114

+0 o o @

s +s s s »

+= = ..

.
+

.126
.120



PAGE 4 COI'VEAITER SURFACE AREA AMNALYSTG  A280/GC0SL-A  (LL-1,10C (IESH!

+ + -+ hd +

.
.
L]
+

.1250

4o o 8 o

+eo o s o

1000

4o o a o

.0375
V(1-V)

+5 e o o

.0750

+a 5 o o

.0625

4 o & o

.0500

N

ntll-l-.n+o|..+l--u+.niI+In.-+-n-n+.l-¢ tesvs  sevs sane lll-+o-l|+lo.-

Y

s+

X

A
2123

.0375
« K
\ 4
.3250 +
sesTosesteeretaseataoastecaeteoneTosestenaeToveeTeareTosee0esevune
.0325 .3875 1125 1275 .1625 1675
.0500 ,0750 .1000 .1250 . 1530 1720 .2000
"= 4
<Jd%= ,9988 P/PC
MEAN ST.DEV. REGRZSSI0N LINE RES.MS.
X 11752 .07132 X= 1.8041*Y-,00539 345E-3
Y 03813 .03852 Y= ,55403*X+ ,00302 106E-8
YARIABLE 1 P/PO VERSUS VARIABLE 2 X/V SYNaoL=x

Figure B~10. Plot of BET equation versus relative pressure for
Converter A280/0005L-A-LL1 (Powder)

B-11

+e o 2 o fe o 2 v te e e e 4 o v v to s st s Fe ® e 4 +e o o =

+e o o 8



I0LE
1PAGE 4 CONVERTER SURFACE AREA ANALYSIS A280/0005L-8 UR-1

I+....+....+.. ..+...l+..‘.+.'I.+..-.+....+-'-.+l '..+...I+....+.I'.+.l.Y+.
. X .
.1350 + :
1275 + :
1200 + :
X/V(1X) . .
1125 + k +
i ] x .
.1050 + :
.0875 + .
.0900 + :
.0825 + :
- x -
:+v. "+....+.‘.-+....+....+..-.+.I--+....+'.II+I-..+I '.'+'.'I+'-"+'I.-+:
.042 .054 .066 .078 .00 102 1a 28
.048 .060 .072 .084 .096 .108 .120
N 3
COR= ,9998 P/PO

MEAN ST.DeV, REGRESSION LINE RES.MS,
X 08488 03515 X= 1.2399%Y-.05198 106€-8
Y .,1101%7 ,02834 Y= ,B0618*X+ ,04135 GB7E-S

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

Figure B-11. Plot of BET equation versus relative pressure for
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Figure B-14. Plot of BET equation versus relative pressure for
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Figure B-15. Plot of BET equation versus relative pressure for
Converter A220/0400-A-LL3
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Figure B-16. Plot of BET equation versus relative pressure for
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Figure B-17. Plot of BET equation versus relative pressure for
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Figure B-18. Plot of BET equation versus relative pressure for
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Figure B-20. Plot of BET equation versus relative pressure for
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Figure B-21. Plot of BET equation versus relative pressure for
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B-22

*eoneteaneke

Y

X )

+

+

+

+

+

+

+

+

+....+'.'.+:

12" 77428
120



PAGE 4 CONVERTER SURFACE AREA ANALYSIS A230/0849-A [LL-1)

.-l+l..l'+l..l+..II+.I..+|l..+....+.'l.+I.l.+...l+lIll+..l.+..l.+..‘.+.Y..

L ] x a
a1+ :
10 + :

+o s a o

X/V{1-X])
.08

o

[¢e)
+ 9 & o ¢ 4+ 8 8 8 4o 2 s o
x
+e s & ¢ 4+ s e o

+e o o »
+e o o o

.08

4+ s o o o
xX
e ¢« o o

.35

+eo o 0 o
+e o o o

« o 9

2 X .
Yll+lﬂll+l.l.+l -.l+lIl.+l...+“..+.ll.+.l..+...i+..ll+l.l.+lQ.I+l.l-*lIII

.0825 .0875 1125 ,1375 .1625 .1875 .2125
.0500 0750 .1000 1250 1800 .1750 .2000

N= 4
COR= .9976 p/P0

MEAN ST.DEV, REGAESSION LINE RES.MS,
X 11752 07132 X= 1.9863%Y-,01738 381E-7
Y .08781 .035683 Y= ,48881°X+ ,00889 901E-8

VARIABLE 1 P/P} VERSUS VARIABLE 2 Xx/V SYMBOL=X

Figure B-22. Plot of BET equation versus relative pressure for
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Figure B-23. Plot of BET equation versus relative pressure for
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Figure B-25. Plot of BET equation versus relative pressure for
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Figure B-27. Plot of BET equation versus relative pressure for
Converter A246/0092-A~LL3

B-28



PAGE 4 CONVERTER SURFACE AREA ANALYSIS A248/0082-A

A1

.09
.08

X/V(1=X)

.07

.04

/

.
[=]
2]

2- +e » o ¢ +a o o a 46 0« 06 0 40 0 s 0 Fo o s 0 +9 8 a0 4o 2 e a 4o e s e Ho

+.II.+llII+l-.l+.I'l+'l.'.+..'I+..'I+-llI+l.Il*...l+.lI.+l..'+..l.

+

X

+% e o 0o 406 @ 8 8 4+ 6 & 4 Fo o 0 a 4o v 8 0 teo s s 0 4=

+m o o o

40 o s @

.2125

.03
X
'+'...+lI..+‘...+.l.l+.l..+....+lii.+.I..+I..l+'-..+l.l|+I'II+...I+IIll
.0625 .0875 .1125 1375 .1625 .1875
.0500 .0750 .1000 .1250 .1500 .1750 .2000
N= 4
COR= .9839 P/PQ

HEAN ST.DEV, REGRESSION LINE RES,MS.
X .91753 .07134 X= 2,0504*Y-,00810 156E-8
Y .08178 03479 Y= ,48781°X+ ,00445 371€-8

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

Figure B-28. Plot of BET equation versus relative pressure for
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Figure B-29. Plot of BET equation versus relative pressure for
Converter A246/0092-B-UR1
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Figure B-30. Plot of BET equation versus relative pressure for

Converter A246/0092-B-UR2

B-31



IDLE

1PAGE 4  CONVERTER SURFACE AREA ANALYSIS A240/0007-A LL~1
.+I'..+....+.I-.+..‘I+.-'.+..II+ +
.0425 +
.0400 +
.0375 +
X/V(1-X]
.0350 +
.0325 +
. X
.0300 +
.0275 +
.0250 +
X
:+...IWI.I+'II.+.‘I.+...‘+I I..+..I.+....+...I+ +
.042 .054 .066 "078 -090 -102
.04s .060 .72 .084 .096
N= 3
COR= .3853 P/PO
MEAN  ST.DEV.  REGRESSION LINE  RES.MS.
X .08463 .03515 X= 3,5148%Y-,03189  G694E~7
Y .03315 .00988 Y= .27653%X+ 00875 S45E-8
VARIABLE 1 P/PQ0  VERSUS VARIABLE 2 X/V SYMBOL=X

suen ll.l+liil+llll+liﬂl+llll+lll.+l.IIxY

+ e o a &

48 o 4 6 +o 2 e o 40 o a o

4+ @ o @

4+ 4 » o o 4o o o

+ s » & a

+ + + +

114 .126
.108 120

Figure B-31. Plot of BET equation versus relative pressure for

Converter A240/0007-A-LL1

B-32



PAGE 4 CONVERTER SURFACE AREA AMALYSIS A240/0077-A LL2

I+I.I.+'l..+lo‘.+.'l.+lIl.+l...+-.Il+.l'l+ll..+l'.'+ll.l+.I..+Ol.I+..lx+Y

o o @

.0500

+ o o o o

.0475

4+ e+ o o o

0450

X/V(1-X)
.0425

4o o o o

4+ o o

.0400

.0375

+e o o2 s Feo s e

.0350

++ o s @

.0325

X /
+ + + + +

.042 054 .066 .078 .030 102 114
.048 .060 072 084 .096 .108
N= 3
COR= ,8597 P/PO

MEAN ST.DEV, REGRESSION LINE RES.MS,
X ,08482 ,03514 = 3,1485°®Y-,03915 195E-6
Y .03931 01071 V= ,28254%X+ ,01455 181E-7

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

Figure B-32. Plot of BET equation versus relative pressure for
Converter A240/0007-A-LL2

B-33

X

+ll..+ll'Yﬁ<ll.+l..l+I..'+..l.+Ill.+I... seaen Beos se0s  sees  as0s  seae '

%

%

%

%

%

%

%

+ +E

.126
.120



PAGE 4 CONVERTER SURFACE AREA ANALYSIS

'+l...+-l..+- ..-+....+I...+'lll+.'.|+.l"+...'+'l..+lﬂ..+I.l.+llll+Y.l'+l
. X .
0350 + -
.0345 + :
,0330 + N
.0315 + :
)U‘J(1-x) N .
,0300 + :
,0285 + .
0270 + :
.0255 + :
0240 + X .
.+l .Y.+I...+.-.'+".I+.l..+.I..+'...+....+'..'+l..'+.I..+..'.+.'I. seds 1 ]
.042 .054 \066 078 .090 102 113 1126
.048 .060 .072 .084 .096 .108 .120
N 2
COR= 1.000 p/p0

HMEAN ST.DEV, REGRESSION LINE RES.MS.
X .08351 ,04862 X= 5,7103*Y-,0B831 0.0c00
Y .03026 00869 Y= ,17512°x+ .01584 0,0000

VARIABLE 1 P/PO VERSUS VARIABLE 2 X/V SYMBOL=X
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Figure B-34. Plot of BET equation versus relative pressure for
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Figure B-35. Plot of BET equation versus relative pressure for
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Figure B-37. Plot of BET equation versus relative pressure for
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Figure B-38. Plot of BET equation versus relative pressure for

Converter A240/0270-A-LL2
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Figure B-39. Plot of BET equation versus relative pressure for
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Figure B-41. Plot of BET equation versus relative pressure for
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Figure B~42. Plot of BET equation versus relative pressure for
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Figure B—43. Plot of BET equation versus relative pressure for
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Figure B-44. Plot of BET equation versus relative pressure for
Converter A254/0037-A-LL2
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Converter A254/0037-A-LL3

B-46



PAGE 4

.1250

.1125

.1000

X/V[1-X)

.0875

.0750

.0825

.0500

.0375

CONVERTER SURFACE AREA ANALYSIS AS54/0037-A  (LL-1)

+ + + + + Foueeo

.‘+I...+.I.l+...°+l...+.li.+....+'.l.+...' 9000 ' 3000 0000 osuee enss

Y
/.
X

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

+9 & o o 4o o 0o o $a

+eo o 0o o

o s s o

+9 » o o 4o o s o v s s

AN
x

8 o +90 o v s fu o 0 ¢ $o o 0 0 40 0 06 0 0 8 0

l.+.‘..+....+l...+....+....+.Ill+.'..+..O.+.C.I+..l.+..l.+.l.'+..I.+lI.

0825 .0875 1125 .1378 .1628 1975 2125
.0500 .0750 .1000 .1250 .1500 .1750 »2000

N= 4
COR= .9983 P/P0
MEAN ST.DEV, REGRESSION LINE RES.MS,

X 11751 ,07132 <= 1,7938*Y-,01359 111E-7
Y 07309 .03973 = ,55888%X+ ,00787 343E-8

VARIABLE

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

Figure B-46. Plot of BET equation versus relative pressure for

Cornwverter A254/0037-A-LL1 (Powder)
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Figure B-47. Plot of BET equation versus relative pressure for
Converter A254/0037-B-UR1
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Figure B~48. Plot of BET equation versus relative pressure for
Converter A254/0037-B-UR2
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Figure B-49. Plot of BET equation versus relative pressure for

Converter A254/0191-A-LL1
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Figure B-50. Plot of BET equation versus relative pressure for
Converter A254/0191-A-LL2
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VARIABLE 1 P/PO VERSUS VARIABLE 2 X/V SYMBOL=X

Figure B-51. Plot of BET equation versus relative pressure for
Converter A254/0191-LL3
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Figure B-52. Plot of BET equation versus relative pressure for

Converter A254/0191-A-LL1 (Powder)
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Figure B-53. Plot of BET equation versus relative pressure for

Converter A254/0191-B-UR1
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Figure B-54. Plot of BET equation versus relative pressure for
Converter A254/0191-B-UR2
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APPENDIX C

ELEMENTAL CONCENTRATIONS OF METALS AND POISONS
FOR REAR BISCUITS BY X-RAY FLUORESCENCE



RUN DEZCRIFTION:T AUCATIL
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RUN DESCRIFTION:

SITE 1D N/ZA

MISCELLANECHES INF:
SAMPLE SECHIENTE oL @
SAMRLE ID:

NDETN LIM
:u'=035 01

ELEMENT

Al 0;3244

= .74 TTE-OZ
F P 26 IZTSAE-O 2
< L 1&72T72E-02

- 4537 E-02
r - 21e317E-0%
ATOIDEE-OZ
TI » 1609 3E~0T
330421E-03
CR L SVIE0SE-OS
47952 1E-03
4244651E-02
30VBE-03
STHO71E-03
2EOT714E-02
P 2ANTTEE-DZ
2ET4TZE-Q2
193444E-0L
441 202E-02
L LOVELSE-OL
 LPUTZE-03
10E7Z4E-0L
SO IVE-QZ
« SOZZGE-O
. L9SET7T7E-02
L TOTSUIE-OT
L7227 2E-02

L781L71E-OX

<

m3
mzZ

o X
NI
(g
ZN
<SE
ER
.:. R
MO
cQ
=N
<R
EBA
LE
FT
HG X
FE

K> XK XX K X

TOTAL DETECTED BY XRF

AZZ0/0800-R

AUCATI
DATE F XRAY ANALYSIZ:
TAMFLE TYPE: BRIDUETTE

NONE
i1

- AUTO CATALYST
N4/ 230/37

e <
’ja*?kE Uj
- 224 27SE-O7
L700&12E-01
LEE0IGIE-01
Tk
B30T E-O2
PALLSE-D S
L 47A136E-0OC
. 3487945
2631 ZE-03
L SToERZE-OZ
T HSSEE-O 2
P ZIEET727E-01
-, 147 13SE-0
— 27 1ES7E-0C
—. 171579E-nz
-, 23914 26E-00
-, B04A5E-04
L 1SBLAETE-QT
-.431142E-07
o181 T7SE-OL
L1 3IZTOLE-O
HVELTTE-O
- 17372 2E-02
111154

44,3731

SWRL

L= TGMA
+ - O B8 SE O
-+~ SatieiS
+— .04 358
- EMTTEL
+— L e e
+— LEIODIQTUE=O
+- .100“ M{r-0l
+- ZEZQOSE-QD
+— .4 ~"“‘-‘L Qo
+—= 132648 -ﬁl
+— ./: 777F O
+- L1SS4T7LE--OD
= L AERERSEE =D A
+— J17LCG1E- Ul
- L 2TLOREE-D
+— JATOETIE-O=
R LT 7rt—0
+— SRR 4E-ND

- OO N4

+— L 19EUEIE-QOD
= .4a14!”¢—ﬂ”
+- ,flou GE-OD

+= S0 BEE )
1= .lnld!at-u

e L ATET AT -0

+-—.

f”']*lﬁ~”




RUN DESCRIPTION: AUCZATL - AT CATALYST ZWR|
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4.711%
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12,102 7
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L1AZIEIE-QD
174204E-01
-. 10477 2E-02
- 2GRN RE-O 2
~-. 145335E-Q 2
-~ 174142E-00
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lE-02
71744L3E-0C
L 3IZEEIE-02
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RUN DESCRIFTION: AUCATI - AUTO CATALYZT =WRI
DATE OF XRAY ANALYSZIZ: 04/30/47

SAMFLE TYFE: BRIDUETTE

SITE 1D MN/7A

MISCELLANED ' 1IN NONE

CSAMFLE SECMIERICE ML, e =

SAMPILE I0: AZ44/00= R

ELEMENT DETN 1.1M Prates i

sA I et LI 2T TE-QL B e B f

M L DOSTEE-OL WL OSTeT ¢

AT P SSIOESIE-OL 24, LA oot
o1 TIEQRZE-OLD 15.471 4 !

I  oEALT7LIE-OD L2445 +

= 1 70985E-0O02 ST W
L X CVIOOIIE-03 - 2244H15E-00 +- .
I . Lo IERSE-O2 L404317E-01 -, 1OSN4TIE-QL
CA 1707 27E-02 LI IE-OL = AT IABIE-OS
[ 186491 7E-02 2271964 +— L, 1645T75F -0
) O LSIZAQOTE-QZ L339 e~ = EOISTE-0 R
(S A 22O ZE~OL 744 252E-02 +- L 1A&1AZZE-OZ
MM LSTQ9YRE-O 2 CAA3LIEE-Q2 += L E4OES4Z-0
FE LAS1795E-Q 3 Y W AS WA - 241 MRE-OL
co X L 3E0I0EE-03 -, 1514 E-04 +—- P11 3ZE—00
NI L7841 E-O2 LR 49E-00 b L EORYTEE-D
T ¢ 7T AE-O -, 442001E-02 - IS AE-DE
ZN e AE1IIE-O2 LSE40ISE~O2 +—= JS4{ZRIE-OX
TE X L DEETUEE-OS - 20455 AE-D e L IEOGLE-O
BER X o117 1E-O2 -, 207421E-01 += 1 ITEVE-O
R LABATOSE-QD LT ES4E-0O1 +- a4 -0
MO X LIS EE-OL ~. 1 2SZ4E-0OD = EAERADAE -0
coX A4t 2E-OT —.444n2E-24 - IPEOT -0

=N D L0457 9E-G2 L7 3R0LE-00 AT S TE D L
=B X CAEalZE-O3 N A T - :

BA LERRIESE-Q LTI e
tE X  2AETATRE-OD — 1191 7E=-01 +-
=T FEDSIRE-O 2 171704 +—
H> X W 7TTEIIE-OZ - 19S5 62 -0 AN Sl R T

R . THAZ0VE-QT L1247 e T e L

TOTAL DETEILTED BY XRF = 44,177
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RUN DESCRIFTICN:
ODATE 0OF XRAY ANALYSIS:

SAMFLE TYFPE: BRIQUETTE

SITE ID: N/A

MISCELLANECLIS
SAMPLE
SAMFLE 1D

ELEMENT

NA
MG
AL
'l

i

cL

LA
TI
v

CR
MN
FE
I}
NI
CId
IZN

R
MO
Cn
S
EA
CE
=T
Hia
FE

TOTAL DETECTED RBY XRF =

L

o T b A G 4

(NFCiz

SEOUENCE N, :

ALICATIL

NCINE

- AUTI CATALYET
Q4720727

AZA0/QO0T--B-LL

DETN LIM
L21PUS1E-OL

L2051 RE-O2
C2427S7E-01
. 720OLTE-QL
P SELSIE-OD
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2214E-OZ

. 172475E-03
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AT 37YE-OL
LS ESE-OZ
11 2O7E-O
CSRATIVE-Q D
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20234 2SE-02
LFAL4ZE-OZ

TLLTTIE-OR

. 754034E-03

LA Y
L O4ET
4, 4024

- -y

14, 63208
101295
- 3ERT7T7T
- 2EYTOLE-OD
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LTOSLLZE-OL
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LALZOYE-Q2
LSZ0YIBE~-OD
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P JP2047
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SOoAVIE-O3
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BHC T W
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RKUN DESCRIFTION: ALCATLI - AUTO CATALYST =SWRI
DATE OF YRAY AMALYSI=: Q4/30/27

SAMPLE TYPE: BRIDUETTE

SITE ID:D N/A

MIZCELLANEDLIS INFOD NONE

SAMPLE CEOUEMIE NO.: 2

SAMPLE ID: AZ40/0070-B-LL

ELEMENT

OETN LIM

f '/-l ./-
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> XK o XK XK
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L1249 14E-03
.1Au11=E Qz
. '::'7 SSEE-02
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.571:13E—03

SEO7S1IE-0Z
. J4AL2SE-OQO D
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. JO1237E-02
ZUQQOEOE~DT
. 20Z742E-03
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S20237E-0O2
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_:E Uh
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L311425
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et
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L II9TALIE-DL
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 1STARE-OT
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17U IE-0
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C1EAESI4E-O]

AR Y B et & I

.IQOEﬂFE -O0
1AL EEZ -0
.15 7‘7’t 1

.’( I-Jl-—!) H

&t
ﬂ
)
I}
2
m

dﬂl4r—ﬂi

A IR

| ZOSE =0
QT T EE )
(”mﬂnggn;

DT A e A

EA LSOOI LAE-OT s OGO E-0D - HT;”E"qﬁ
CE AT IE~OD 1.124%3 = ,An’ ”ar—ﬂ‘
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L
FE

L THSESAE-OD
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TOTAL DETECTED BY XRF
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- AUTD CATALYSZT
Q4730737

RUN DESCRIPTION: ALUCATL =WRI
DATE 1JF XRAY AMALYSIS!:
SAMFLE TYFE: BRIGUETTE
SITE ID: N/A
MISCELLANEQLIS " NFO: NONE

SAMPLE =EOLENCE Nid.: o L

SAMPLE ID: AZS4/0037-H

MA=Z % Z-S1GMA

ELEMENT DETN LIM

MNAa

0

o1 26E-01

Sl R Ll W R

t— . i

4Z19E-01

MG CD1ADB4E-O L I.alEe +- L 1EITOE

Al L2944 31E-01 20,957 = 1L hae

I 796 L E-OLT 1;.J041 +- L ATEINE

= C2ABLZLE-QX . 24287 E~-0L - 2444 36E-0 7
= . 1AQZIZE-QZ 1.Q00922 +— JS0OT7Z14E-01
L X LAIDT7ETCE-OQ3 ~.177154E-02 = L ITTETTE-QD
¢ L 2104467E-02 . 044475 +— .;:5;7/5—0’
CA 1 72297E-073 Q39T +— L IZST7T74E-0O2
TI 2ASC22E-O2 ~455z +=- L 1I23ATZE-O1
v X . 7434357E-03 -.100272E-02 +~ LA ZE-OT
R . 143°02E-02 . 142137E-01 +— 21 2E9IE-QD
MN GROALSEE-O3 LHLASIPE-O2 +- JEMT4LIZE-OR
FE . 78459SE-02 .114499 +— L SOZ9SLE-OL
cooon BISTIE-O.2 . 303I914E-03 +— L 2741=-02
NI D P DSIBTESE-03 L7045146E-02 +~ , OSW1ZSE-OX
cuX « 232B64E-OQ3 -.S79264E-04 +— _1_7'4t—u.
ZN 2T ZSE-Q L 10571464E-Q1 += VAL ZZISE-OZ
2E X . 244432 —D; - 194 72S64E-00 + - .“74;,.—0'
BR X QIIZIE-QC - L3139 2E-O2 += L 20&ZEE-OZ
= X W 463.224E-02 - B23245E-0C +— AL LE-OS
Mo X . 6407 SE-OZ -, 212257E-01 += L AL4IETIE-OL
coDoD . 1235502E-02 . 2E0S45E-0 - ROV IE-OD
“N X 1013 ZE-OT - 21099 E-0z += M SE-03
B X L SO0 7SE~O3 -.4403S7E-03 += L ATGEEAII 0D
RA X . 7847 2ASE-O - LEQT791E-0O2 = L AMIRETPE-Q D
e . A5 4E-00 L2077 += L4 I2SA0SE -O]
=T LAILIOZE-OS 145415 +— L TLO4TRE-(QD
H> X L SRS LARE-O3 - ZO2TOE-QL = L EQ44TTE-OD
FER EETEITE-QZ L AT7Q7E-DD +— LEBZSTSSE-OZ

TOTAL DETECTED BY XRF

40, 321
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FRUN DESCRIPTION: AUCATI — AUTO CATALYZT ZWRI
DATE OF XRAY ANALYSIZ: Q4/7320/37

“AMFLE TYFE: BRIOQUETTE

SITE 1h: MN/A

MISCELLANECLIS INFC: NONE

SAMFLE

“AMFLE TL:

ELEMENT

NA
M
AL
l:‘ I

NI
i
ZN

ER
IR
MC
]
EN
“E
BA
CE
FT
HG
FE

L

> X

PE A I P - Gl T -

SEONENIZE MU, 2
A4 /0191-R

DETN LIM

D AALESE-UL
Z1RT7RE-OL
o SEDAAAE-DT
77234000
4TV IZE-OZ
lduéorE —O2

CS72RE-QS
2106Q7E—03
17076E-03
W 27OSAIE-OS
.774327E-0.3
CASAZZSE-QZ
70O727LE-03
TTIEIE-OR
 SBBLT7E-O3
L D44TTE-OZ
D ATOQZE-OZ
JEZ074E-03
« 4454 1E-OZ
2073135~ 02
47 2 34A3E-02
G4 SE~QL
L1ETALZE-OD
AOTITEE-OD

LTETELE-OZ
L3S IAE-O2
L4240 ZE-ON
 ESOTLEZE-OT

/__1‘1'141 :E () |

TOTAL DETECTED BY XRF
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APPENDIX D

BET EQUATION VERSUS RELATIVE PRESSURE
FOR QUALITY ASSURANCE STANDARDS



PAGE 4  CONVERTER SURFACE AREA ANALYSIS ZINC OXIDE 0.52 + 0.04
....+'...+..'.+....+....+....+.'..+....+l...+....+l...+....+....+....+...
. Y
1.750 + x” 4
1.575 + :
1.400 + :
X/VI1=X) . .
1.225 + +
1,050 + .
. X .
.8750 + +
. X .
,7000 + :
.5250 + :
Loox .
;I'/J....+.'..+. ...+....+....+' ...+."‘+..'.+'...+....+.'..+.'.-+.‘..+..:
.048 .075 108 135 “165 .15 .225
.060 .00 .120 .150 ,180 .210 ,240
N 4
COR= .9994 p/PO
MEAN  ST.DEV.  REGRESSION LINE  RES.MS.

X © ,12179 ,07968 X= ,14289%Y-,01687 120E~7
Y .97176 .55808 Y= 68,99894%X+ .11929 S89E-6

VARIABLE

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

Figure D-1. Plot of BET equation versus relative pressure for

Zinc Oxide 0.62+0.04



PAGE 4 CONVERTER SURFACE AREA ANALYSIS - ALUMINA (0,780 112/G)

.‘.+....+ID'..+....+...l+....*.l..+...‘*I...+l...+....+...l+.Il.+

1.50 +
1.35 +

e
L]
.
L]
-+

1.05
X/V(1-X)

o a a o 455 0o s @

+s ¢ o o

'7m

+ e 5 o o

\X

b
AN

L]
+e o <

+ e ¢ o 0o 4o 0 0 0 40 s ¢ 8 fo 0 0 0 fo s s e teo u o

+9 o a &

L

L]

L4

.
+

.300
L X I+'ll|+'.Il+‘..I+....+I'..+..l.+....+II.I+I.ll+.'.‘+l...+".l+.I.. "
045 075 .108 135 .165 .195 .235
.06) .080 .120 .150 .180 .210
= 4
CoR= ,9984 P/PO

MEAN ST.0EV. REGRESSION LINE RES.MS,
X .,12178 07987 X= .17000°Y-.01324 J06E~7
Y 82965 ,48792 Y= 5.8837*X+ .11848 ,00105

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

Figure D-2. Plot of BET equation versus relative pressure for
Alpha Alumina 0.78 NBS
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PAGE 4 CONVERTER SURFACE AREA ANALYSIS ALUMINA PART, 1,39 + 0.12

+

/

+

240

+ o @ s o <

e o s &8 o s ¢ 6 Feo s o ¢ 4o v o s te o 0o s teo s s =

+ e o o o

.I..+‘...+..I.+....+...l+....+..-.+-l..+..-.+l...+I.l.+III.+lIII+I..
) X
J50 +
575 +
600 +
X/V(1X]) .
525 +
.50 +
. X
375 +
. X
.300 +
225 +
LX
:Y..*....*.Il.+....+‘...+l...+.lll+'lll+|.'.+.I.l+""+lﬂli+"l'+.I.. fes
.045 .075 .105 .135 .165 .195 .225
.080 .080 120 150 .180 .210
MN= 4
COR= 1.000 P/PD

MEAN ST.0EV, AEGRESSION LINE RES.MS.
X .{2178 .079687 X= .32159*Y-,.01600 249E-3
Y .42844 24774 Y= 3.1085%X+ 04976 241E-8

VARBBLE 1 P/PQ Versud’ VARIABLE 2 X/V SYMBOL=X

Figure D-3. Plot of BET equation versus relative pressure for
Alumina 1.39%0.12
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PAGE 4 CONVERTER SURFACE AREA ANALYSIS  ALUMINA PART, 3,04 + 0,25

.+°...+..°.+....*....+....+....*....*....+....¢...°+....+....+I...+I.Y.+.
. X .
1625 + .
1500 + :
X/V(1=X) X .
01375 +* -
.1250 + .
1128 + .
.1000 + :
.0875 + Y, :
. /x .
9+'...+....+....+....'*'...‘*-'..+.'..+.....+'...+..II*‘...+....'*.....’..'I*:
.042 ‘054 "088 "078 "0s0 “102 112’ "lios
.048 .060 072 .084 .06 .108 120
= 3
coRs .3979 p/PO
MEAN  ST.DEV.  REGRESSION LINE  RES.MS.
X .08482 03614 X= .745849Y-.01458 10567
Y .13308 .04708 Y= 1.3356°%+ .02008 187E~7
VARIABLE 1 F/P]  VERSUS VARIABLE 2 X/V SYMBOL=X

Figure D~4. Plot of BET equation versus relative pressure for
Alumina 3.04%0.25
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PAGE 4 CONVERTER SURFACE AREA ANALYSIS  TITANIUM DIOZIDE 7.05 + 0.7 M2/G

.+.-..+..'.+l...+'...+.'..+..'.+..'.+...'+'..I+.'..+'...+....+I...+....+I
.084 + Y
) X )
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072 4 :
.088 + :
X/V(1X) . .
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. X .
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048 + :
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:+Y..'+....+-...+'.‘.+..l.+l".*I'..+.'..+'...+.'..+'...+.I.I+I...+.I.l+:
.042 .054 .06 .078 .00 .102 114 126
.048 .080 .072 .084 .098 .108 .120
N3
COR= .3974 p/PO

MEAN ST.OEV, REGRESSION LINE RES.MS.
X ,08482 .03514 X= 1.8081*Y-,00884 128E-7
Y .0S811 .02179 Y= ,81881%X+ 00577  492E-8

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

Figure D-5. Plot of BET equation versus relative pressure for
Titanium Dioxide 7.05X0.7

D-6



PAGE 4 CONVERTER SURFACE AREA ANALYSIS  ALUMINA POWDER 14.0 + .6
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X
ceetrenstocesPessetsovetessnPecsePisceTeccaticse sesstecest

.045 075 J108 .135 185 195 225
.080 .0s0 .120 150 .180 210 .240
= 4
COR= ,9894 P/PO

MEAN ST.DEV. REGRESSION LINE RES.MS,
X ,12979 ,07988 X= 3,2883°Y-.01722 116e-7
Y .04253 02437 Y= ,30560%X+ 00631 108E-8

VARIABLE 1 P/P0  VERSUS VARIABLE 2 X/V SYMBOL=X

Figure D-6. Plot of BET equation versus relative pressure for
Alumina 14.020.6
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PAGE 4 CONVERTER SURFACE AREA ANALYSIS GRAPHITIZED CARBOMN BLACK 71.3 + 2.7
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4

COR= 1.000 P/PQ

X
Y

MEAN ST.DEV. REGRESSION LINE RES.MS.
.12178 07967 X= 16,791*Y+ S08E-8 580E-9
.00722  .00474 Y= ,05955%X~298E~7 21e~10

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

Figure D-7. Plot of BET equation versus relative pressure for
Graphitized Carbon Black 71.3 NBS
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PAGE 4 CONVI:RTER SURFACE AREA ANALYSIS  ALUMINA PARTICLES (81,4 + 6,2 M2/G)
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COR= ,9989 P/PO

MEAN ST.DEvV, REGRESSION LINE RES.MS.
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Y 00872 .00418 Y= ,05252%X+ 327€-6 53610

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

Figure D-8. Plot of BET equation versus relative pressure for
Alumina 81.4%6.2
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PAGE 4 CONVERTER SURFACE AREA ANALYSIS ALUMINA PARTICLES (265 + 11 M2/G)

+ + + + + + +
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N~ 4
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Figure D-9. Plot of BET equation versus relative pressure for
Alumina 265%11
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APPENDIX E

BET EQUATION VERSUS RELATIVE PRESSURE
FOR CORRELATION SAMPLES



PAGE 4 CONVERTER SURFACE AREA ANALYSIS = A221/0447-A B AND C
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VARIABLE 1 P/P0  VERSUS VARIABLE 2 X/V SYMBOL=X

Figure E-1. Plot of BET Equation Versus Relative Pressure for
Converter A221/0447-A (Powder Sample)
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PAGE 4 CONVERTIZR SURFACE AREA ANALYSIS - A221/0447-8 8 AND C
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VARIABLE 1 P/PO VERSUS VARIABLE 2 X/V SYMBOL=X

Figure E-2. Mot of BET Equation Versus Relative Pressure for
Ccaverter A221/0447-B (Powder Sample)
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VARIABLE 1 P/PO VERSUS VARIABLE 2 X/V SYMBOL=X

Figure E-3. Plot of BET Equation Versus Relative Pressure for
Converter A220/0810-1-A (Powder Sample)

E-¢

te s o e Fo o v = 48 8 68 408

$eo o = @

+ % & ¢ 8 4o s & o

e ¢ 4 e 2 8 o 4o s 0 @
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Figure E-4. Plot of BET Equation Versus Relative Pressure for
Comnverter A220/0810~1-B (Powder Sample)
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Figure E~5. Plot of BET Equation Versus Relative Pressure for
Converter A230/0177X-A (Powder Sample)
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Figure E<6. Plot of BET Equation Versus Relative Pressure for
Coaverter A230/0177X-B (Powder Sample)
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Figure E-7. Plot of BET Equation Versus Relative Pressure for
Converter A155/0941-1-A (Powder Sample)
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Figure E-8. Flot of BET Equation Versus Relative Pressure for
Converter A155/0941-2-A (Powder Sample)
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Figure E-9. Plot of BET Equation Versus Relative Pressure for
Converter A240/0141L-B (Powder Sample)
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PAGE 4 CONVERTER SURFACE AREA ANALYSIS~A240/0334L-A SAMPLE B & C
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Figure E-10. Plot of BET Equation Versus Relative Pressure for
Converter A240/0334L~A (Powder Sample)
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