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1.0 INTRODUCTION AND EXECUTIVE SUMMARY 

The Department of Energy’s Tanks Focus Area (TFA) authorized a project to study the effect of 
shear on the settling properties of high-level waste sludge to support retrieval programs. A 
series of settling studies was conducted on a composite sample of tank 241-AY-101 (AY-101) 
material. Comparisons were made with duplicate samples that were sheared with a tissue 
homogenizer and allowed to settle. Aliquots of sheared and unsheared settled solids were 
submitted for chemical and radiological analyses. 

The work was funded by the TFA (EM-50) under Technical Task Plan Number RLO-8-WT-41, 
“PHMC Pretreatment - Saltcake Dissolution”, Subtask A, Prevention of Solids Formation. 

1.1 SUMMARY AND CONCLUSIONS 

There are five major conclusions from the study that apply to AY-IO1 sludge: 

I. Sludge settling rates are detectably decreased after shearing of particles by means of a 
tissue homogenizer. A significant decrease in the settling rates was measured after 2 
minutes of shearing. A smaller additional decrease in the settling rates was observed 
after an additional I O  minutes of shearing. 

Sodium and Cesium appear to be present in both the liquid and solid phases of the 
composite sample. 

The shearing of the solids does not appear to significantly change the distribution of the 
radionuclides, (24’Am, %3r, Total Alpha, or other radionuclides), within the solids. 

The mean particle diameter decreases after shearing with the tissue homogenizer and 
affects the settling rate in proportion to the square of the particle diameter. 

The sonication of the unsheared particles produces a similar particle size reduction to 
that of shearing with a tissue homogenizer. 

2. 

3. 

4. 

5. 

It is difficult to quantitatively compare the shear produced by a mixer pump installed in a 
double-shell tank with that produced by the tissue homogenizer in the laboratory. On a 
qualitative basis, the mixing pump would be expected to have less mechanical and more 
hydraulic shearing effect than the tissue homogenizer. Since the particle size distribution studies 
indicate that (for the AY-IO1 solids) the breaking up of particle aggregates is the main means of 
particle size reduction, then the hydraulic shearing of the mixing pump may well produce similar 
shearing effects as the tissue homogenizer. (Mechanical shear represents the shear caused by 
direct contact between a particle and a metal surface; hydraulic shear is caused by the particle 
moving between fluids traveling at different speeds.) 

1 
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Type 
Solid 
Solid 

2.0 DESCRIPTION OF LABORATORY STUDIES 

- 
Number (grams) 
16992 16.0 
17013 8.0 

2.1 PREPARATION OF COMPOSITE SAMPLE 

L I I  L UH I Solid 
277 2 LH Solid 
277 3 Solid 
275 1 DL3 Liquid 
277 1 DL Liquid 

15946 8.0 
15951 10.8 
15952 8.0 
18608 240.8 
17465 226.2 

LH = Lower Half of the core sample segment. 
*UH = Upper Half of the core sample segment. 
'DL = Drainable Liquid from the core sample segment. 

2.2 SETTLING STUDIES 

I 

After preparation, the composite sample was mixed with a magnetic stirrer to ensure a uniform 
distribution of solids. The magnetic stirrer was placed on the minimum setting required to 
adequately mix the sample without causing unnecessary shearing of the particles. 

While the composite was being stirred, a 2 mL sample was withdrawn for particle size 
distribution analysis, using a syringe with a large bore opening to which a length of plastic 
tubing had been attached. Approximately 2 mL of water was added to the sample vial. The 
same syringe was then used to sample the composite into four 100 mL graduated cylinders 
labeled IAY-1, 1AY-2, 1AY-3, and 1AY-4. The first settling test (Settling Test A) was then 
performed. The initial settling test was terminated after 1 week. A video camera was used to 
record the progress of the test. 

At the conclusion of the first settling test, each of the samples was separately transferred to a 
150 mL beaker. The slurries from columns IAY-1 and 1AY-2 were briefly stirred at the 
previous setting required to disperse the particles. Throughout this study, the stirrerhotplate 
was operated at the same setting, which equates to a 2.5cm stirbar spinning at approximately 300 
rpm. The samples were then returned to the graduated cylinders for the second settling test. The 
slurries from columns 1AY-3 and I AY-4 were transferred to the beaker and sheared with the 
tissue homogenizer shown in Figure 1 (Basic Ultra-TurraxB Laboratory 
Disperser/Homogenizer, Model T25) for two minutes. These samples were also returned to the 

2 
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graduated cylinders for the second settling test (Settling Test B) and recorded with a video 
camera. The second settling test was terminated after 1 week. 

At the conclusion of the second test, a third settling test (Test C) was repeated after a ten minute 
shearing period for the slumes from columns 1AY-3 and 1AY-4 and recorded with a video 
camera. 

At the conclusion of the third test (Test C), the settled solids from 
cylinders IAY-1 and 1AY-3 were centrifuged and the weights of the 
centrifuged solids were determined. The centrifuged solids from 1AY-3 - 
were then recombined with the supernatant and stirred until the solids 
were suspended. While suspended, a 2 mL sample was withdrawn for 
particle size distribution analysis, using a syringe. Approximately 2 mL 
of water was then added to the sample vial. The settled solids from 
columns 1AY-2 and 1AY-4 were divided into top and bottom samples 
which were submitted for fusion digests and the following analyses: 
ICP, AT, GEA, and 90Sr. 

Figure 2-1. Ultra-TurraxB 
LaboratoryDisperser/Homogenizer 

Q3 Ultra-Turrax is a registered trademark of Janke & Kunkel GMBH & Co. 

2.3 COMPARISON TO MIXER PUMP 

The Ultra-Turnax@ Laboratory Disperser/Homogenizer uses rapidly rotating blades to draw the 
sample into the bottom of the shaft (see Figure 2-2). The action of centrifugal force then causes 
the sample to be discharged through slots along the perimeter of the shaft. For this study, the 
tissue homogenizer was operated at the minimum setting of 8,000 revolutions per minute (rpm) 
which equates to a blade tip speed of approximately 500 c d s  (16 Ws). 

As an example of a mixer 
pump, the pump installed 
in AZ-101 is a single- 
stage, centrifugal pump 
with a capacity of 
approximately 37,800 
Wmin (10,000 gpm) and a 
discharge velocity of 18.3 
m/s (60 Ws). The mixer 

! - 

pump operates on a 
similar principle as the Figure 2-2. Tissue Homogenizer Shaft 

tissue homogenizer, in that centrifugal force forces liquid to be drawn into the impeller and then 
out the discharge nozzle. The mixer pump has a 46 centimeter (18 inch) impeller which operates 
at 1,200 rpm. The blade tip speed at the impeller tip is 30 d s  (100 Ws). 

3 
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The tissue homogenizer would be expected to have a greater mechanical shearing action 
(particleimetal surface interaction) than the mixer pump, largely because of the small distance 
between the rotating blades and the outer wall. In contrast to the tissue homogenizer, centrifugal 
pumps are specifically designed to provide a smooth path for slurry flow. One of the goals of 
pump designers is to extend pump life by minimizing the wear caused by particulates impacting 
the pump surfaces. Undoubtedly, a fraction of the particles would undergo mechanical shear on 
any given pass through the pump. This fraction would be expected to be quite low in 
comparison with the tissue homogenizer. The hydraulic (particle/liquid interaction) shear force, 
though, may be higher for the mixer pump than the tissue homogenizer due to the higher tip 
speed of the impeller blades in the mixer pump. 

4 
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3.0 RESULTS OF ANALYTICAL MEASUREMENTS 

3.1 SETTLING RATE MEASUREMENTS 

All of the settling rate tests followed the classic sedimentation behavior pattern (Osbome 1990). 
To summarize the classic pattern, the initial well-mixed slurry separates into four zones. From 
top to bottom they are: (1) clear supernatant liquid, (2) suspended solids, (3) compressing 
sediment, and (4) compacted sediment. Normally (and in the current study), the only observable 
interface is between zones 1 and 2. The position of that interface as a function of time is 
recorded for all tests in Appendix A. 

In the classic sedimentation test, there may or may not be an induction period during which little 
or no settling occurs. Then, once the zone lizone 2 interface develops, the interface falls at a 
linear rate as long as there is a zone 2 present in the cylinder. Eventually, zone 2 disappears, at 
which time the rate becomes non-linear until zone 3 also disappears. Then, when only clear 
supernatant liquid and compacted sediment (zones 1 and 4) remain, settling essentially stops. 

Figure 3-1 shows the settling rate as a function of time for Test A, in which all four samples 
have not been sheared by the tissue homogenizer. (The four cylinders are essentially duplicate 
tests.) The position of the interface is recorded as Vol% Settled Solids for each cylinder. This 
figure shows that there was little or no induction period, the initial settling rate was nicely linear, 
and the reproducibility among the four cylinders was very good. 

Figure 3-2 shows analogous data for Test B, in which two cylinders contain unsheared slurry 
and two cylinders contained slurry that had been sheared with the tissue homogenizer for 2 
minutes each. The curves show a slight decrease in settling rates in the linear portion of the 
settling curves for the two sheared samples. 

Figure 3-3 shows data for Test C, in which the two cylinders contain unsheared slurry and the 
two cylinders contain slurry that had been sheared with the tissue homogenizer for an additional 
10 minutes each. The curves show a slight decrease in settling rates in the linear portion of the 
settling curves for the two sheared samples, however, the 1AY-2 unsheared sample also shows 
some sign that the stirring had a slowing effect on the settling rate. 

5 



HNF-9545, Rev. 0 

s. 
E 
3 
0 > 
- 

Figure 3-1. Settling Test A (all samples unsheared) 

IAY-1 

-E- IAY-2 

+ IAY-3 - IAY-4 

30 
1 

--.-.--, , , ' 

1400 
rei------ ' ' 

0 200 400 600 800 1000 1200 

Settling Time (Minutes) 

100 
Figure 3-2. Settling Test B 

90 

80 

ln rr 70 A IAY-1, unsheared 
0 IAY-2, unsheared 
U t IAY-3, sheared 2 min. 
5 50 -- IAY-4, sheared 2 min. 

s. 

- 
60 

Q) - 
40 

E 30 
3 

$ 

- g 20 

10 
0 200 400 600 800 1000 1200 1400 

Settling Time (Minutes) 

6 



HNF-9545, Rev. 0 

U 

s 
a 
al 

- 
30 

20 7 

10 
0 

90 

80 
In 
0 
0 70 
- 
rn I -a- IAY-2, unsheared 

-+ IAY-3, sheared 10 min. - IAY-4, sheared 10 min. 

7.- , -- 
200 400 600 800 1000 1200 1400 

Settling Time (Minutes) 

Linear regression equations were fit to the raw volume data Volume % vs. time over the linear 
portions of the settling curves in Figure 3-1,3-2 and 3-3. The slopes (rates) calculated from the 
regression equations are shown in Table 3-1. The effect of shear on the settling rate can also be 
seen by comparing the length of time needed to reach 50 volume percent settled solids. This 
point is within the linear portion of each settling curve, so it can be calculated from a regression 
equation fit to each set of data; results are shown in Table 3-1. As shown by repeated settling 
tests with the same sample, mixing with the stirrerkotplate caused only a little shearing of 
particles or change in settling time to the unsheared sample, IAY-I. Some decrease occurred in 
the unsheared sample, I AY-2 after repeated settling tests. In contrast, shearing with the tissue 
homogenizer caused a significantly larger change in settling time as shown in Table 3-1. 

In a prior settling study on AZ-102 sludge samples (Herting, 2000), the settling times to reach 
50% settled solids for the unsheared solids were approximately 23 minutes compared to 
approximately 195 minutes for the AY-101 solids. Also, the effect of shearing on the AZ-102 
solids was much more dramatic, going from approximately 23 minutes unsheared to 39-1 86 
minutes sheared (approximately a 70-71 0% increase) compared to approximately 195 minutes 
unsheared to 241-265 minutes sheared (approximately a 24-36% increase) for the AY-101 
solids to reach 50% settled solids. 

All of the settling tests conducted in this study were performed in 100 mL graduated cylinders. 
In The Settling and Compaction of Nuclear Waste Slurries (MacLean 1999), the author 
evaluated the settling of tank waste simulant in several different sized vessels. The studies 
performed in 100 mL graduated cylinders were found to adequately represent the initial phase of 
rapid settling. The tests in 100 mL graduated cylinders failed to achieve the same degree of 
compaction observed in larger vessels. 
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3.2 

Sheared (1 0 min.) 

'Sheared means stirred with tissue homogenizer. 
3Average %Error in settling rate is -4%. 

CENTIFUGED SOLIDS 

After the conclusion of Test C, the unsheared column IAY-1 and the sheared column 1AY-3 
were prepared by decanting most of the supematant from the solids and transferring the slurry 
with the settled solids into 50 mL centrifuge cones. The cones were then centrifuged for 30 
minutes and the remaining supernatant was decanted. The volumes and weights were recorded 
and are shown in Table 3-2 along with the calculated densities of the centrifuged solids and 
supernatants. 

Table 3-2. Volumes and Weights of Centrifuged Solids. 
1 Unsheared I Sheared I 

The calculated density of the sheared sample of 1.59 g/mL implies that the smaller sheared 
particles pack together in a slightly more compact form upon centrifugation. 

8 
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3.3 CHEMICAL COMPOSITION 

Samples of settled solids were collected from the unsheared slurry (column 1AY-2 after Settling 
Test C) and the sheared slurry (column 1AY-4 after Settling Test C). The samples were 
gathered by dividing the material in each column into top and bottom portions. Prior to 
submitting the samples for analysis, the samples were allowed to settle and the excess 
supernatant liquid was removed. The samples were prepared for analysis by the fusion method, 
which uses nickel crucibles with the addition of potassium hydroxide. Consequently, nickel and 
potassium results were not reported. The other analytical results are presented in Table 3-4. All 
reported values are the average of duplicate results and all < values are the smallest of the 
duplicates. 

For the sake of discussion, the analytes in Table 3-4 can be divided into two major categories 
(ignoring those with “less-than’’ values). Those analytes that are expected to exist primarily in 
the solid phase include Total Alpha (dominated by 241Am), 90Sr, AI, Cr, Fe, Mn, Si and Zr. 
Those analytes that are expected to exist primarily in the liquid phase include I3’Cs and Na. 
These analytes and the ratios of their concentrations in the bottom to the top, (Bottom:Top), 
portions of the settled solids samples are presented in Table 3-3. 

Suspect analytical result because of inconsistencies between 2a’Am and Total Alpha results. 
(S) Those analytes that are expected to exist primarily in the solid phase. 
(L) Those analytes that are expected to exist primarily in the liquid phase. 

The unsheared solids follow the expected pattern in comparing the top and bottom portions of 
the settled solids. The bottom portion is expected to contain somewhat less interstitial liquid 
than the top portion, so it should have somewhat higher concentrations of insoluble components 
and lower concentrations of soluble components. That is true for every one of the insoluble 
components listed above with a ratio (Bottom:Top) consistently 21.7, except for 24’Am with a 
ratio of 1 .O. The soluble components also have ratios >1 .O, but are significantly lower than the 
insoluble components, except for 241Am. 

The sheared solids followed the same general pattern but with lower ratios, 1.2-1.9, implying 
that there is more interstitial liquid in the bottom layer than in the unsheared sample. This 
behavior is consistent with results found for AZ-102 settling studies (Herting, 2000). The 

9 
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soluble components are still lower than those for the insoluble portions as expected, but theiI 
ratios were unchanged by the shearing, remaining at 1.2-1.3. 

The data imply the A1 and Si solids settle more rapidly in both the unsheared and sheared 
slumes than the other solids and that all the solids materials settle less rapidly in the sheared 
slurry, (except for the 241Am). Whatever property the solids have in the unsheared slurry (higher 
density, larger size?) that causes them to settle more rapidly is disrupted by the shearing action 
of the tissue homogenizer. The greatest effect of the shearing is seen on the Fe and Mn solids 
with the least effect seen on the Zr solids, however, some care should be taken with the Zr 
analyses since the relative percent differences (RPDs) for the duplicate samples are rather large. 
If one threw out the duplicate Zr analysis data, the ratios would be 2.1 and 1.9 which would be 
in line with other solids data. The data also imply that the A1 and Si solids are either associated 
with each other or behave in a very similar manner in both settling and shearing properties. 
The Fe and Mn solids also behave as if they are either associated with each other or behave in a 
very similar manner. 

Comparisons of the analytical results for the sheared and unsheared samples makes sense for the 
solid components from the standpoint that the sheared sample, which did not settle as well as the 
unsheared sample, should contain more interstitial liquid than the unsheared sample. Thus, for 
the bottom fractions, for example, the unsheared sample is higher in insoluble component 
concentrations, except for 24'Am and Zr. The Soluble components Na and 137Cs do not fit this 
model since the ratios are the same in the unsheared and sheared samples and are >I  .O in both 
cases. This behavior implies that Na and '37Cs are present at significant concentrations in the 
solid as well as the liquid phases. Since the solids are high in both A1 and Si, the presence of 
aluminosilicate minerals, such as cancrinite or zeolite, in the solid hase may be possible which 
may contain Na and I3'Cs (Campbell, 1976). The behavior of the Am (ratios 1.0 and 1.5), 
which would usually be expected to follow the Total Alpha (ratios 2.3 and 1.6) behavior and to 
be associated with the solids, does not. This behavior is inconsistent and may indicate problems 
with the 24'Am analyses. 

x, 
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Instrumental Conditions 
Agitator Pump 

Setting Sonicated 
1 No 
3 No 
3 Yes 
1 Yes 

3.4 PARTICLE SIZE DISTRIBUTION 

Unsheared Sheared 
Avg. Mean Particle Avg. Mean Particle 

Diameter, pm Diameter, pm % Change 
1.07 0.95 -12.% 
1.03 0.93 -lo.% 
0.89 0.87 -2.8% 
0.90 0.87 -3.4% 

A particle size sample was taken from the AY-101 composite slurry before settling and shear 
testing and one from thel AY-3 test after settling and shear testing. The particle size distribution 
(PSD) measurements were performed on the Horiba LA-910 Particle Size Analyzer. 

The unsheared and sheared samples were both run in four different instrument conditions: 
(1) agitator pump on setting 1, 
(2) agitator pump on setting 3, 
( 3 )  after 2 minutes of sonication with agitator setting 3 and 
(4) agitator pump setting 1. 

The PDS data are presented in Appendix B. Both the volume-based and number-based PSD 
data are presented. However, since just a few large particles either present or not present have a 
very large influence on the volume-based PSD and very little influence on the number-based 
PSD, the number based PSD is much easier to interpret. 

Table 3-5 shows the mean particle diameter of the unsheared and sheared samples measured 
with the four different instrument settings. The diameter is the average of the duplicate 
measurements. 

where: v, = settling velocity of the sheared particles, 
vu = settling velocity of the unsheared particles, 

12 
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D, = mean diameter of sheared particles, and 
D, = mean diameter of unsheared particles. 

Using the values determined by PSD for D, (after Test C) and D, (before Test A) from Table 3-5 
and the value for vu determined from the settling test from Table 3-1, then: 

- 0 . 1 9 5 ~ 0 . 9 5 ~  
1.07* v, = = -0.154 (Val%) / min . 

which is equal to the value for the settling velocity determined for the IAY-3 sample after 
shearing (Test C), Table 3-1. This result clearly indicates that the AY-101 composite solids 
settle at a rate proportional to the square of their mean particle diameters. 
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Memorandum 

B3610-JBD-01-032 
To: R. W. Warrant- T6-07 Date: November 14,2001 

From: James B. Duncan LOD T6-07 Telephone: 373-1972 

cc: D. B. Bechtold T6-07 
W.S. Callaway T6-07 
L. L. L o c k r e m e  T6-07 
J. K. Watts T6-50 
W. I. Winters T6-07 
JBD FildLB 

Subject: PARTICLE SIZE DISTIUBUTION MEASUREMENT RESULTS: 
TANK241-AY-101 SLUDGE SHEAR STUDY 

This letter reports the results ofparticle size distribution analysis of two samples: SOlTOOl871 
and SOIT001874 from tank 241-AY-101 sludge composite SOlT001312. Sample S01T001871 
was taken directly from the composite SOIT001312. Sample SOIT001874 was taken from 
subsample IAY-3 which was subjected to two cycles of homogenization and settling. 

INSTRUMENTATION 

The particle size distribution (PSD) measurements were performed using the Horiba LA-910 
Particle Size Analyzer located in Hood 2 of Room IF, 2224 Laboratory. The LA-910 is a light- 
scattering type of instrument, which determines the PSD of an ensemble of particles by evaluating 
the pattern of light scattering generated by the particle ensemble. The instrument is configured to 
measure particles with volume equivalent diameters ranging from 0.02 pm to 1020 pm. 

All samples were measured using the Horiba "Flow Cell" configuration. The flow-through 
configuration consists of a sample loop f?om the sample reservoir (with adjustable agitator), 
adjustable speed peristaltic pump, and flow through sample cell, with return to the sample 
reservoir. Tygon tubing was used to transport the sample. 

MEASUREMENTS 

The PSD measurements were made October 4,2001. Filtered reagent grade water was used as 
the dispersing liquid for all sample measurements. The measurements were made at laboratory 
ambient temperature, - 25 C. 
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The PSD measurement sequence was made as follows: 

B3610-JBD-01-032 

1. Reagent grade water (170 mL) was transferred to the sample reservoir. 
2. The peristaltic pump was started at setting 3 (388 mlimin) to eliminate air in the sample 

loop, when the measure screen was blank, the pump was increased to setting 6 (840 
mL/min); all runs were carried out at this pump setting. 

3. The sample was sparged with a polypropylene transfer pipette (2 mm tip ID) to ensure 
mixing. 

4. The agitator was turned to setting 1. 
5. The sample was sparged just prior to being added drop-wise into the sample reservoir until 

the percent transmission was judged acceptable. 
6 .  After completion of the measurement cycle, the file was named and saved. 
7. With the same sample in the reservoir, the agitator was adjusted to setting 3. After a wait 

period of 10 seconds for sample dispersion throughout the flow loop, the measurement 
cycle was begun. 

8. Upon completion of the measurement cycle, the file was named and saved. 
9. With the same 2 minutes, the sonication was turned off following a wait period of 10 

seconds, and then the measurement cycle was begun (agitator setting 3). 
10. After completion of the measurement cycle, the file was named and saved. 
11. The agitator was set at 1 with a wait period of IO seconds, and then the measurement cycle 

12. After completion of the measurement cycle, the file was named and saved. 
13. The sample was then flushed into a receiving vessel. 
14. The flow cell and loop were washed with reagent grade water and the baseline 

15. The next sample was introduced and the sequence repeated. 

was activated. 

reestablished. 

The measurement sequence was repeated with a “duplicate” sample from the original sample vial. 

All PSD measurement runs were made with 100 data samplings resulting in a total measurement 
time of approximately 2 minutes. 

SAMPLES 

All measured samples were taken from tank 241-AY-101 sludge shear study samples SOlT001871 
and SOlT001874. Sample SOlT001871 was a direct sub sample from tank 
241-AY-101 TFA composite SOlT001312 while sample SOlT001874 had undergone two shear 
and settling cycles. 

Sample identification information is provided in Table 1 
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AY-IO1 Sludge TFA 

Composite 
SOlTOO 13 12 

AY-IO1 Sludge TFA 
Composite 

SO1 TOOl 3 12 1 
AY-3 (Homogenized) 

R. W. Warrant 
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November 14,2001 

LAB ID # 

S01T001871 

SOlT001874 

TABLE 1. Sample Identification Information 

B361O-JBD-01-032 

I 11004193 
SO1 TOOl 871 11004194 

(Primary) 11004195 
1 10041 96 

I 
1 AY-IO1 Sludge TFA 

~ 

(Duplicate) 11004199 
11004200 
11004201 

AY-IO1 Sludge TFA 
Composite SOlTOOl3 12 
I AY-3 (Homogenized) 

SO 1 TOOl 874 
(Primary) 

SOlTOOl874 
(Duplicate) 

Initial observations of the samples immediately prior to and during the withdrawal of the primary 
PSD measurement aliquot are presented in Table 2; both samples were similar in appearance and 
texture. 

TABLE 2. Initial Sample Observations 

OBSERVATIONS 
Dark brown in appearance, - 1.5 mL 
solids with - 5mL liquid cover. The 
material was smooth, no grit and no 
clumps observed. 
Dark brown in appearance, - 1.5 mL 
solids with - 5mL liquid cover. The 
material was smooth, no grit and no 
clumps observed. 

RESULTS 

The Horiba LA-91 0 directly generates spherical volume equivalent particle diameters from 
analysis of light-scattering patterns. The particle volume based distribution data should be 
considered the primary results. Instrument software allows the PSD data to be presented as a 
number (of particles counted) based distribution. This is accomplished by a machine algorithm, 
which multiplies the frequency value assigned to each volume based PSD bin by the reciprocal of 
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the (volume equivalent diameter) ’. Re-normalizing the resulting distribution then follows. At 
customer request, both the volume based and the number based PSD data are presented. 

PSD VOLUME DISTRIBUTION VERSUS NUMBER DISTRIBUTION 

PSD distributions are predicated on spherical particles. Machine algorithms will incorporate shape 
factors as a function of scattering parameters. However, the reported volume or number diameter is 
that of an equivalent sphere. 

For the PSD volume distribution (if density is known this then becomes the mass distribution), the 
mean volume is expressed as: 

d, = ( ( x n i d i 3 ) / x n j ) ” 3  

where ni is the number of particles in group i having midpoint diameter d, . 

The arithmetic mean is expressed as: 

Using the Horbia LA-910, the measurement is performed by n number of detectors. The resulting 
distribution is obtained using: 

where g(n) = output of nrh detector 
K(n,dJ = response coefficient of nfh detector 

f(dJ = particle size distribution 
di = ith representative radius 
Ad = particle size segment number 

The particle size distribution d, is calculated from the relationship between the output of the detector 
and the response function of the detector;f(dJ is calculated on the basis of volume. 

To recalculate the volume distribution to a number distribution, equation 4 applies: 

whereffd,) is the frequency distribution of d, 

For a discrete example, consider two particles--one is measured at 200 pm and has a frequency of 
6.19 and the other is measured at 1.98 pm with a frequency of 1.33; then the recalculation to the 
number distribution from the volume distribution will be: 

B-5 



R. W. Warrant 
Page 5 
November 14,2001 

HNF-9545, Rev. 0 
B3610-JBD-01-032 

6.19/(200)’ = 7.7E-07 (a very small number which is truncated by the Horbia LA- 
910 algorithm during renormalization.) 

1 .33/(1.98)3 = 0.17 (a number that will be included in the recalculated distribution. 

After the Horbia algorithm recalculates, truncates, and renormalizes the number distribution from 
the volume distribution, the larger volume particles do not appear in the number distribution due to 
the smaller number assigned in the renormalized distribution. 

Hence both distributions are correct. If the concern is around particles entering a clean room, then 
the number distribution is needed, as one particle will/may cause a defect. If, however, the 
concern is around pumping material, then the volume distribution is needed (correlated to density) 
to allow appropriate hydraulic and pump calculations to be made. Furthermore, if the concern is 
around catalyst research, then a surface distribution would be of interest. Therefore, the intended 
use of the data will drive the distribution presentation. 

DATA 

Table 3 presents the measured volume and number based mean, volume equivalent, particle 
diameters for S01T001871 and S01T001874 for both the primary and duplicate runs. The data is 
graphically presented in Figures 1 and 2. 

The percentages, on a particulate volume basis, of particles in each sample with measured 
(spherical) volume equivalent diameters less than a set of seven, preset; percentage values are 
presented in Table 4 and displayed graphically in Figure 3. 

The data presented in Table 5 and Figure 4 are the percent undersize recalculated on a number of 
number basis. 

The instrument generated PSD histograms, percent undersize curves, and original (79 channel) 
PSD data tables are presented in Attachments 1 and 2. Attachment 1 contains the volume 
distribution while Attachment 2 contains the recalculated number distribution 
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TABLE 3. Mean, volume equivalent, particle diameters of samples from tank 241-AY. 

Sample r- 
.lo1 

FIGURE 1. Mean particle diameters of volume based particle size distributions for samples from 
tank 241-AY-101. Vertical lines within the bars locate the mean diameters (pn). Bar widths 
represent * one standard deviation (truncated at 0 where required). Data key: Sample # - pump 
speed / agitation setting / ultrasound time (min) / delay time (sec). 
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FIGURE 2. Mean particle diameters of number based particle size distributions for samples from 
tank 241-AY-101. Vertical lines within the bars locate the mean diameters (pm). Bar widths 
represent i one standard deviation (truncated at 0 where required). Data key: Sample # - pump 
speed / agitation setting / ultrasound time (min) / delay time (sec). 
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TABLE 4. Percentages of particles in samples from AY-101 with diameters (pm) less than 
the indicated value. Derived from particulate based, cumulative, percent undersize 
distribution data. 
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TABLE 4. Percentages of particles in samples from AY-101 with diameters (pm) less than the 
indicated value. Derived from particulate based, cumulative, percent undersize distribution data. 
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FIGURE 3. Percentages of particles in samples from AY-101 with diameters (pm) within the 
indicated values. Derived from volume based, cumulative, percent undersize, distribution data. 
Vertical lines within middle light gray bars locate the median particle diameters. 

I 1 %to  5 % W 5% to 2 5 %  25 % to 75 % m75 % to 95 % 95 % t o  99 % I 

11004193 - 6/1R/O 

11004194- m m m  
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ii004197 - 6/imm 

11004198 - 6MIom 

11004199 - 6/3/2/0 

1 io04200 - 61imm 

11004201 - 6/ imm 

11004202 - 6/3flf l  

11004203 - 6/'3/2R 

11004204 - 6/imm 

11004205 - 6/imm 

11004206 - 6/3f l f l  

11004207 - 6/3nm 

1100420s - 6iimm 
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TABLE 5. Percentages of particles in samples from AY-101 with diameters (pm) less than 
the indicated values. Derived from number based, cumulative percent undersize 
distribution data. 
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FIGURE 4. Percentages ofparticles in samples from tank 241-AY-101 with diameters (pm) 
within the indicated values. Derived from number based, cumulative, percent undersize, 
distribution data. Vertical lines within middle light gray bars locate the median particle 
diameters. 
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QUALITY CONTROL 

The tank 241-AY-101 samples were run in one shift. There were two standards run, one at the 
beginning of the shift and one at the end of the shift. 

The first standard consisted of an NIST traceable, monodisperse, polymer microsphere. The 
standard was obtained from Duke Scientific Corporation (Palo Alto, California). The certified 
particle diameter for the standard was 200 nm 
o f 1 8 8 n m t  16nm. 

The standard ran at the end of the shift was a polydisperse quartz powder, BCR-69. This standard 
(also obtained from Duke Scientific) was prepared and certified by the Commission of the 
European Communities, Community Bureau of Reference (BCR). The BCR-69 has particles 
ranging from 12 to 90 pm with a calculated mean of 51.55 bm and a standard deviation of 20.4. 
The Horiba LA-910 response indicated a mean of 51.58 pm and a standard deviation of 22.20. 

CONCLUSION 

The samples that were submitted for particle size analysis had been sitting dormant for 4 to 7 
weeks before commencement of particle size determination. During this time the potential for re- 
agglomeration by the sample that was submitted to high shear (tissue grinder) is quite possible. A 
possibility of re-agglomeration is through perikinetic flocculation (particle contact through 
Brownian motion). If the settling velocities indicated a substantial difference between the 
homogenized and non-homogenized samples and PSD analysis did not indicate as significant 
differences, then re-agglomeration should not be excluded as a possible explanation of settling 
versus PSD differences. 

Therefore, the particles, agglomerates, or aggregates in the samples measured may have 
undergone significant changes in size during the initial sampling, storage, or processing before 
PSD measurements were performed. The particle size distributions of the analyzed sample may 
not, therefore, accurately represent the original in-situ distribution of particle sizes. The estimated 
weight of the particulate solids in the measured PSD specimens is no more than a few milligrams. 
Given this small specimen size, the quantitative accuracy (and repeatability) of the PSD 
measurements, particularly for samples with broad distributions including significant quantities of 
larger and/or high-density particles, should be critically evaluated. 

If you have any questions concerning this letter report or the PSD measurements of the tank 
241-AY-101 samples, please feel free to contact me at 373-1972. 

JBD:lda 

6nm. The Horiba LA-910 indicated a diameter 

Attachments (2) 
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ATTACHMENT 1 

Horiba LA-910 Generated Volume Distribution 

Consisting of 16 pages, 
Including cover page 
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tor Windows(TM) Ver.l.2Oi Oct/05/’01 12:23 HORIBA LA-910 
Laser scattering particle size distribution analyzer 

PARTICLE.SIZE MEASUREMENT DATA 
ID# . 01 1004.193 13:33 Material : A Y l O l  
Filename : 11004193 source : Wads W Samples 
Sample : SOlT001871 Lot Numbe : 

Condition 
Dist.Form: Std. Sampling times : 100 
R.R.ln.3-x: 1.16-0.OOi ( > -r%(FLXGS< ; gz:gg 

Agitation : 1 CirCUltn : 6  U.sonic : OFF( 120) 
F o r m a t  

Data 
Dist.bass : Volume Scaling ; Auto Axis : LogX - LinearY 

Median : 12.854p.m SP.Area : 10487cm*/cm’ S.D. : 57.104pm 

C.V.  : 138.57% 
Mode : 10.838pm Mean : 41.210pm 

Span : (0 10.0-D 90.0) / D50 = 10.255 

Dia. o n  %( 5.0%) : 1.175pm % o n  Dia.( 0.100pm) : 0.0% 
Dia. on %< 25.0%-’,) : 6.01 lpm % o n  Dia.( 1.000pm) : 3.1% 
Dia. on  %( 50.0%) : 12.854um %on Dia.( 10.000prn) : 40.5% 
Dia. on 7 - C  75.0%) : 56.848pm % o n  Dia.( 100.000pm> : 81.7% 
Dia. on %( 95.05%) :162.982pm % O n  Dia.(1000.000pm) : 100.0% 

1019.5 0.00 100.00 
890.1 0.00 100.00 
777.1 0.00 100.00 
678.5 0.00 100.00 
592.4 0.00 100.00 
517.2 0.00 100.00 ~ 

451.6 0.00 100.00 
394.2 0.00 100.00 
344.2 0.16 100.00 
300.5 0.28 99.84 
262.4 0.51 99.56 
229.1 0.96 99.05 
200.0 1.76 98.09 
174.6 2.62 96.33 
152.5 3.84 93.71 
133.1 4.22 89.87 
116.2 3.70 85.65 
101.5 2.48 81.95 
88.58 1.89 79.47 
77.34 1.27 77.58 
67.52 1.07 76.31 
58.95 0.89 75.24 

Size(pm) 
-~ 
26.11 
22.80 
19.90 
17.36 
15.17 
13.25 
11.56 
10.10 
8.816 
7.697 
6.720 
5.867 
5.122 
4.472 
3.905 
3.409 
2.976 
2.599 
2.269 
1.981 
1.729 
1.510 

Panicle size ! pm 

Freq(%>Und(%> Sizc<wm> Freq(’%>Uno(%> - ~ __ .- -, . .. 
2.00 68.79 0.669 0.25 0.25 
2.88 66.79 0.584 0.00 0.00 
3.62 63.91 0.510 0.00 0.00 
4.33 60.29 0.445 0.00 0.00 
4.83 55.96 0.389 0.00 0.00 
5.11 51.13 0.339 0.00 0.00 
5.16 46.02 0.296 0.00 0.00 
4.88 40.87 0.259 0.00 0.00 
4.42 35.98 0.226 0.00 0.00 
3.83 31.56 0.197 0.00 0.00 
3.33 27.73 0.172 0.00 0.00 
2.74 24.40 0.150 0.00 0.00 
2.31 21.66 0.131 0.00 0.00 
2.01 19.35 0.115 0.00 0.00 
1.76 17.35 0.100 0.00 0.00 
1.55 15.58 0.087 0.00 0.00 
1.37 14.04 0.076 0.00 0.00 
1.25 12.67 0.067 0.00 0.00 
1-15 11.42 0.058 0.00 0.00 
1.18 10.27 0.051 0.00 0.00 
1.34 9.09 0.044 0.00 0.00 
1.42 7.75 0.039 0.00 0~00 
1.56 6.33 0.034 0.00 0.00 51.47 0.70 74.35 1.318 

44.94 0.85 73.65 1.151 1.57 4-77 0.029 0.00 0.00 
39.23 1.10 72.80 1.005 1.38 3.19 0.026 0.00 0.00 

1.38 71.70 0.877 1.00 1.81 0.022 0.00 0.00 34.25 
29.91 1.53 70.32 0.766 0.56 0.81 
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TOT WindowsCTM) Vsr.l.2Oi Oct/05/’01 12125 HORIBA LA-910 
Laser scattering particle siza distribution analyzer 

PARTICLE SIZE MEASUREMENT DATA 
ID# : 01 1004-194 13:38 Material : A Y l O l  
Filename : 11004194 source : Wade W Samples 
Sample : S01T001871 Lot Numbe : 
Condition 

T%(He.Ne) : 87.6 DiSt.FOrm: Std. Sampling times : 100 

Agitation : 3 Circultn : 6  U.sonic : OFF( 120) 

CLAMP) : 86.8% R.R.Index: 1.16-0.00i < > 

Format 

Data 
Dist.base : Volume Scaling : Auto Axis : LOEX. LinsarY 

Median : 14.934~- SP.Area : 9862cm*/cm’ S.D. : 59.175pm 
Mode : 123.615l~mMean : 48.092pm 
C.V. : 123.057- 

Span : (D 10.0-D 90.0) / D50 = 9.144 

Dla. o n  %( 5.0%) : 1.170pm % o n  Dia.( 0.100prn) : 0.0% 
Dia. on %( 25.0%’,) : 6.632vm %on Dia.( 1.000pm) : 3.3% 
Die. on %< 50.0%) : 14.934um 7- o n  Dia.< 1 0  000um> : 36.9% ._ ~. ~~ ~ ~ 

~ a a .  o n  %( 75.0’7,j : 90.261bm % o n  Dia.( ioo.ooovrn> : 77.6% 
Dia. o n  %( 95.0%) :165.136pm % on Dia.(lOOO.OOOprn) : 100.0% 

1019.5 0.00 100.00 
890.1 0.00 100.00 
777.1 0.00 100.00 

26.11 
22.80 
19.90 

1.70 
2.47 
3.10 

61.52 
59.81 
57.34 

0.669 

0.510 
0.584 

0.27 0.37 
0.10 0.10 
0.00 0.00 

678.5 0.00 100.00 
592.4 0.00 100.00 
517 2 0 00 100 00 

17.38 
15.17 
13.25 
11.56 

3.75 
4.22 
4.51 
4.60 
4.39 
4.00 

54.24 
50.49 
46.27 
41.76 
37-16 

0.445 0.00 0.00 
0.389 
0.339 
0.296 
0.259 

0.00 0.00 
0.00 0.00 
0.00 0.00 

~~ ~ ~ ~~- ~- 
451.6 0.00 100.00 
394.2 0.00 100.00 10.10 0.00 0.00 
344.2 0.16 100.00 8.816 
300.5 0.28 99.84 7.697 
262.4 0.51 99.56 6.720 

32.77 
28.77 
25.29 
22.27 

0.226 
0.197 0.00 0.00 
0.172 0.00 0.00 
0.150 0.00 0.00 

0.00 0.00 
3.48 
3.02 
2.48 

~~ 

229.1 0.98 99.06 
200.0 1.87 98.08 
174.6 2.94 96.21 
152.5 4.66 93.27 
133.1 5.49 88.61 
116.2 5.15 83.12 
101.5 3.45 77.97 
88.58 2.70 74.52 
77.34 1.90 71.82 
67.52 1.51 69.92 
58.95 1.19 68.41 
51.47 0.88 67.22 

~ ~~ 

5.867 
5.122 
4.472 
3.905 
3.409 
2.976 
2.599 
2.269 
1.981 
1.729 
1.510 
1.318 

2.07 
1.79 
1.56 
1.35 
1.18 
1 .os 
1 .oo 
1.03 
1.18 
1.28 
1.45 

19.79 
17.72 
15.93 
14.37 
13.02 
11.84 
10.76 
9.76 
8.73 
7.55 
6.27 

~ _~ 
0.131 
0.115 
0.100 
0.087 
0.076 
0.067 
0.058 
0.051 
0.044 
0.039 
0.034 

0.00 0.00 
0.00 0.00 
0.00 0.00 
0.00 0.00 
0.00 0.00 
0.00 0.00 
0.00 0.00 
0.00 0.00 
0.00 0.00 
0.00 0.00 
0.00 0.00 

44.94 0.97 66.34 
39.23 1.15 65.37 1.005 1.36 3.33 0.026 
34.25 1.33 64.22 0.877 1.01 1.97 0.022 
29.91 1.37 62.89 0.766 0.59 0.96 

1.151 1.50 4.83 0.029 0.00 0.00 
0.00 0.00 
0.00 0.00 
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HNF-9545, Rev. 0 

for WindowsCTM) Ver.l.2Oj Oct/05/'01 12:25 HORIBA LA-910 
L a s e r  scatterinrz -article size distribution analyzer 

Material : A Y l O l  
s o u r c e  : Wade W Sample$ 
Lot Numbe : 

PARTICLE.SIZE.MEASUREMENT DATA 
I DP . 011004.195 13:44 
Filename : 11004195 
Sample : S O l T 0 0 1 6 7 1  

Condition 
T%(He-Nej j 87.1 DiSt.Form 

(LAMP . 85.3% R.R. Index 
Std. Sampling times : 100 
1.16-0.00i < > 
6 U.sonic : ON< 120) 

Auto Ax is  : LogX - LinearY 

Asitation : 3 Circultn 

Format 

Data 
Dist-base : Volums Scaling 

Median : 11.411Mm SP.Are.a : 141305m*/cma S.D. : 37.806pm 
Mode : 12.340Lm Mean : 27.202pm 
C.V. : 138.98% 

Span : (D 10.0-D 90.0) / 050 = 7.608 

Dia. on %( 5.0%) 0.907pm % on Dia.( 0.100~m> 
Dia. on %< 25.0%) 4.767~- % on Dia.( 1.000~m) 
Dia. on %< 50.0%) 11.41 l v m  7- on Dia.( l O . o o o ~ m ~  
Dia. on %< 75.0%) 26.869pm 7- on Die.( 100.000~m) : 91.9% 
Dia. on %( 95.0%) 115.844pm % on Dia.<lOOO.OOOpm) : 100.0% 

._ 100 . - . 
.,,' 

_/ , I: 
u 
n - : g  
u 

.o 
0.02 0.1 I .O 10.0 IO0 I O U )  

Soze<pm) 
- 
1019.5 
890.1 
777.1 

592.4 
517.2 
451.6 
394.2 
344.2 
300.5 

678.5 

FrsqC%>Und(%> 

0.00 100.00 
0.00 100.00 
0.00 100.00 
0.00 100.00 
0.00 100.00 

26.11 2.10 74.64 0.669 0.67 
22.80 3.09 72.54 0.584 0.29 
19.90 3.63 69.45 0.510 0.12 
17.38 4.63 65.62 0.445 0.00 

0.389 0.00 

1.09 
0.42 
0.12 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

~~ ~~ 

15.17 5.11 60.99 
0 00 100 00 
0 00 100.00 
0 00 1 0 0  00 

13.25 5.35 55.88 
11.56 5.35 50.53 
10.10 4.99 45.18 
8.816 4.45 40.19 

0.339 0.00 
0.296 0.00 
0.259 0.00 
0.226 0.00 

~ .___. ~~ 

0.00 100.00 
0.00 100.00 7.697 3.79 35.74 0.197 0.00 

262.4 
229.1 
200.0 
174.6 

0.00 100.00 
0.13 100.00 
0 ~ 3 7  99~87 

6.720 3.24 31.94 0.172 0.00 
5.867 2.62 28.71 0.150 0.00 
5.122 2.17 26.08 0.131 0.00 
4.472 1.66 23.91 0.1 15 0.00 0.74 99.49 

1.40 98.76 152.5 
~ ~~ 

3.905 1.62 22.05 
~ 

0,100 0.00 
133.1 
116.2 
101.5 

2.29 97.36 
2.95 95.07 
2.47 92.12 

3.409 1.40 20.43 0.087 0.00 
2.976 1.24 19.02 0.076 0.00 
2.599 1.15 17.79 0~067 0~00 
2.269 1.09 16.64 

~~ 

88.58 
77.34 

~ ~- ~~ 

2.37 89.65 
2.05 87.26 
1.75 85.23 
1.49 83.48 
1.15 83.99 
1 26 60.84 

0.058 0.00 
1.981 1.17 15.55 
1.729 1.44 14.36 

0.051 0.00 
0.044 0.00 67.52 

58.95 
51~47 

1.510 1.67 12.94 
1.318 2.07 11.27 
1.151 2.38 9.20 

0.039 0.00 
0.034 0.00 
0.029 0.00 

~~~ . .  
44.94 
39.23 
34.25 
29.91 

1.50 79.58 

1.72 76.36 
1.73 78.06 

~~ ~ 

1.005 2.41 6.62 
0.877 2.01 4.41 
0.766 1.31 2.40 

0.026 0.00 
0.022 0.00 
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HNF-9545, Rev. 0 

tor WindowsCTM) Ver. 1.20j Ost/05/’01 12:25 HORIBA LA-910 
Laser scattering particle size distribution analyzer 

PARTICLE.SIZE MEASUREMENT DATA 
ID# 01 1004-196 13148 Material : A Y l O l  
Filename f 11004196 source  : Wade W Samples 
Sample : SOlT001871 Lot Numbe : 

Condition 
T%[He-Ne) : 67.2 Dirt.Form 

(LAMP): 85.5% R.R.lndcx 
Std. Sampling times : 100 
1.16-0.OOi < > 
6 U.sonIc : ON< 120) Agitation : 1 Circultn 

Format 
Dist.base : VOlUme Scaling Auto Axis  : LOgX. LinearY 

Data 
Median : 10.864pm SP.Ares : 14549cma/cm’ S . D .  : 37.409pm 
Mode : 10.846pm Mean : 26.226pm 
C.V. : 142.637- 

Span : (D 10.0-D 90.0) / D50 = 8.171 

Dia. O n  %< 5.0%): 0.699pm 7- on Dia.( 0.100pm) : 0.0% 
Dta. on yo( 25.0%) : 4 . 5 7 2 ~ ~ ~ ~ 8  7- on Dia.( 1.000pm) : 7.07- 
Dia. on %< 50.0%) : 10.664pm % on Dia.( 10.000prn) : 46.6% 
Dia. on 7 - C  75.0%) : 23.332pm % o n  Dia.( 100.000pm) : 91.9% 
Daa. on %( 95.0%) :115.220pm 7- on Dia.(1000.000pm) : 100.0% 

SireCpm) Frcq<%>Und(%> 
_.-.____ 

0.00 100.00 
0.00 100.00 
0.00 100.00 
0.00 100.00 
0.00 100.00 
0.00 100.00 
0.00 100.00 
0.00 100.00 

1019.5 
890.1 
777.1 

26.11 1.87 76.55 
22.80 2.90 74.68 
19.90 3.73 71.78 
17.38 4.64 66.05 
15.17 5.24 63.39 
13.25 5.57 58.15 
11.56 5.61 52.56 

0.669 0.69 
0.564 0.30 
0.510 0.13 

1.12 
0.43 
0.13 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

676.5 
592.4 
517.2 
451.6 

0.445 0.00 
0.389 0.00 
0.339 0.00 
0.296 0.00 

394.2 10.10 

7.697 
6.720 
5.867 
5.122 
4.472 
3.905 
3.409 
2.976 

8.816 
5.26 46.97 
4.70 41.71 
3.99 37.01 
3.40 33.02 

0.259 0.00 
0.226 0.00 
0.197 0~00 

344.2 
300.5 
262.4 

0.00 100.00 
0.00 100.00 
0.00 100.00 

~ ~ 

0.172 0.00 
0.150 0.00 229.1 0.10 100.00 

0.33 99-90 
0.69 99.57 

2.32 97.51 
3.03 95.19 
2.44 92.17 
2.29 89.72 
1.90 87.44 
1.56 65.54 
1.27 83.97 
0.93 62.70 

1.37 98.88 

2.74 29.63 
200.0 
174.6 
152.5 
133.1 

2.26 26.89 0.131 0.00 
1.93 24.63 0.115 0.00 
1.67 22.70 0.100 0 00 
1.44 21.03 0.087 0.00 ~~ ~ 

116.2 
101.5 
86.56 
77.34 
67.52 
58.95 
51.47 

1.27 19.60 0.076 0.00 
2.599 1.18 18.33 
2.269 1.11 17.15 
1.961 1.20 16.04 
1.729 1.47 14.84 
1.510 1.72 13.36 
1.316 2.14 11.64 
1.151 2.46 9.51 
1.005 2.49 7.05 
0.677 2.08 4.56 
0.766 1.35 2.47 

0.067 0.00 
0.056 0.00 
0.051 0.00 
0~04-l 0 00 ~ ~ ~ 

0.039 0.00 
0.034 0.00 

44.94 
39.23 
3 4  25 

1.03 81.77 
1.25 80.73 
1~47  79~49 

0.029 0.00 
0.026 0.00 
0.022 0.00 - 

29.91 
~. ~ 

1.47 78.02 
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Condition 
TO/o(He-Ne) : 88.9 Dist.Forrn: Std. Sampling times : 100 

Asitation : 1 Circultn : 6  U . s o n i c  : OFF( 120) 

CLAMP): 88.02 R.R.ln.3-x: 1.16-0.OOi C > 

Format 

Data 
Dist.base : Volume Scaling : Auto Axis 1 LOgX - LinearY 

Median : 9.752vm SP.Area : 13399cm'/cm' S.D. : 34.456pm 
Mode : 10.842vrn Mean : 20.259pm 
C.V. : 170.06% 

Span : (0 1 0 . 0 - D  90.0) / D50 = 4.153 

Dia. on %( 5.0%) : 1.054vm 7- on Dip.< 0.100vm) : 0.0% 
Dia. on 7 - C  25.0%) : 4.440pm 7- on Dia.C 1.000pm) : 4.27- 
Dia. on %C 50.0%) : 9.752vm 56 on Dia.C 10 .000vm)  : 51.1% 
Dia. on %C 75.058) : 17.148pm 9% on 0ia.C 100.000vm) : 94.5% 
Dia. on %C 95.0%) :105.954prn % O n  Dia.(lOOO.OOOvm) : 100.0% 

SizsCpm) SizeCvm) 

1019.5 
890.1 
777.1 
678.5 
592.4 ~ 

517.2 
451.6 
394.2 
344.2 
300.5 
262.4 
229.1 
200.0 
174~6 
~ . -  
152.5 
133.1 
116.2 
101.5 
68.58 
77~34 
67.52 
56.95 
51.47 
44.94 
39.23 
34.25 
29.91 

0.00 100.00 
0.00 100.00 
0.00 100.00 
0.00 100.00 
0.00 100.00 
0.00 100.00 
0.00 100.00 
0.00 100.00 
0.00 100.00 
0.00 100.00 ~~~ ~~ 

0.16 100.00 
0.29 99.84 
0.57 99.55 
0.62 98.98 
1.07 98.16 
1.25 97.09 
1.23 95.84 
1-01 94.61 
0.86 93.60 
0.65 92.74 
0.63 92-09 

0.52 90.68 
0.72 90.36 
1.03 69.64 ~~~~ ~ 

1.40 88.61 
1.66 87.21 

26.11 
22.80 
19.90 
17.38 
15.17 
13.25 
11.56 
10.10 
8.816 
7.697 ~ ~~~~ 

6.720 
5.667 
5.122 
4.472 
3.905 
3.409 
2.976 
2.599 
2.269 
1.961 
1.729 ~ ~~ 

1.510 
1.316 
1.151 
1.005 
0.877 
0.766 

5.33 75.52 0.445 0.00 0.00 
5.97 70.19 0.389 0.00 0.00 
6.32 64.22 0.339 0~00 0~00 ~ ~~~~~~ 

6.36 57.90 0.296 0.00 0.00 
6.01 51.54 0.259 0.00 0.00 
5.43 45.53 0.226 0.00 0.00 
4.69 40.11 0.197 0.00 0.00 
4.07 35.42 0.172 0.00 0.00 
3.37 31.34 
2.64 27.96 
2.49 25.13 
2.21 22.64 
1.95 20.43 
1.74 16.46 
1.61 16.74 
1.50 15-13 
1.55 13.62 
1.77 12.07 
1.89 10.31 

0.150 
0.131 
0.1 15 
0.100 
0.067 
0.076 
0.067 
0.058 
0.051 
0 ~ 044 _ _  . 
0.039 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

2.07 6.42 0.034 0.00 0.00 
2.08 6.35 0.029 0.00 0.00 
1.82 4.27 0.026 0.00 0.00 
1.30 2.45 0.022 0.00 0.00 
0.72 1.15 
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ticie rise 

tor Windows<TM) ver.1.2oj Oct/05/'01 12:26 HORIBA LA-910 
Laser scattering par distribution analyzer 

PARTICLE SIZE Mf 
I ma . ni I nn. 

rASUREMENT DATA . -----4-198 14103 Material : A Y l O l  
FTtSname : 11004198 source : Wade W Samples 
Sample : SOlT001871 Lot Numbs : 

Condltion 
88.8 Dist.Form: Std. Sampling times : 100 i 87.9% R.R.Ind-x: 1.16-0.OOi [ > 

Agitation : 3 Circultn : 6  U.sonic : OFF< 120) 

Format 

Data 
Dist.base : Volume Scaling : Auto Axis  : LogX - LinearY 

Median : 19.505um SP.Area : 8855cm2/cm* S.D. ; 82.647~m 
Mode : 141.526vmMean : 70.172~m 
C.V. : 117.78% 

Span : <D 10.O.D 90.0) / 050 = 9.436 

Dia. o n  %< 5.0%) : 1.218~rn 7- o n  Dia.< 0.100~m) : 0.0% 
Dia. on %< 25.0%) : 7 .437~-  7- o n  Dia.< 1.OOOpm) : 3.0% 
Dia. o n  %< 50.0%) : 19.505pm % on Dia .c  10.000um) : 32.9% 
Dia. o n  %< 75.0%) r126.955vm 7- on Dia.< 100.000pm) : 66.5% 
Dia. o n  %< 95.0%) :227.254vm 7- on Dia.<1000.000~m) : 100.0% 

1019.5 0.00 100.00 
890.1 0.00 100.00 
777.1 0.00 100.00 
676.5 0.00 100.00 
592.4 0.00 100.00 
517.2 0.13 100.00 
451.6 0.23 99.87 
394.2 0.41 99.64 
344.2 0.74 99.23 

262.4 1.97 97.15 
229.1 2.99 95.18 
200.0 4.21 92-19 
174.6 5.07 87.97 

133.1 5.64 76.97 
116.2 4.53 71.32 
101.5 2.93 66.79 
88.58 2.12 63.86 
77.34 1.41 61.74 
67.52 1.12 60.33 
58.95 0.88 59.21 
51.47 0.66 58.33 
44.94 0.74 57.66 
39.23 0.90 56.92 
34.25 1.06 56.02 
29.91 1.12 54.97 

300.5 1.34 98.49 

152.5 5.94 82.90 

26.11 
22.80 
19.90 

15.17 
13.25 
11.56 
10.10 
8.816 
7.697 

17.38 

PMiclc size/  pm 

FreqC%>UndC%> Size<clm) - _  
1.40 53.85 0.669 
2.06 52.45 0.584 
2.60 50.39 0.510 
3.18 47.78 0.445 

3.88 41.00 0.339 
3.99 37.11 0.296 
3.84 33.12 0.259 
3.51 29.29 0.226 

3.61 44.61 0.389 

3.07 25.78 0.197 

0.26 0.26 
0.00 0.00 
0.00 0.00 
0.00 0.00 
0.00 0.00 
0.00 0.00 
0.00 0.00 
0.00 0.00 
0.00 0.00 
0.00 0.00 
0.00 0.00 2.67 22.71 0.172 6.720 

5.867 2.20 20.03 0.150 0.00 0.00 
5.122 1.85 17.83 0.131 0.00 0.00 
4.472 1.60 15.98 0.115 0.00 0.00 
3.905 1.39 14.39 0.100 0.00 0~00 
3.409 
2.976 
2.599 
2.269 
1.981 
1.729 
1.510 
1.318 
1.151 
1 .oos 

0.766 
0.877 

~ 

1.20 13.00 0.087 
1.05 11.80 0.076 

~~ ~~~~ 

0.00 0.00 
0.00 0.00 

0.96 10.75 0.067 0.00 0.00 
0.89 9.79 0.058 0.00 0.00 
0.92 8.90 0.051 0.00 0.00 
1.06 7.99 0.044 0.00 0.00 
1.16 6.93 0.039 
1-32 5.77 0,034 0.00 0.00 
1.38 4.45 0.029 0.00 0.00 
1.27 3.07 0.026 0.00 0.00 ~ 

0.96 1.80 0.022 
0.57 0.83 

0.00 0.00 
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T o r  Windows<TM) Ver.l.20) Ost/05/’01 12:26 HORIBA LA-910 
Laser scattering particle size distribution analyzer 

PARTICLE.SIZE MEASUREMENT DATA Msterial 
ID# 
Filename : 11004199 source 
Sample : so 1 TOO 187 1 Lot Numbc : 

Condition 

(LAMP3 i 86.7% R.R.Index: 1.16.O.OOi ( 

: A Y l O l  
: Wade W Samples 

.011004-199 14:09 

Dist.Form: Std. Sampling times : 100 > T%o(He.Ne 88.3 

Agitation : 3 Cirsultn : 6  U.sonis : ON< 120) 

Format 

Data 
Dist.base : Volume Scaling ! Auto Axis : LOEX - LinearY 

Median : 11.844pm SP.Area : 14067cm’/cm’ S.D. : 39.827vm 
Mode : 10.842pm Mean : 30.345~m 
C.V. : 131.25% 

Span : (D 10.0-D 90.0) / 050 = 8.333 

~ i p .  o n  yo< 5.0%) : 0.898pm 7- o n  Dia.( 0.100pm) : 0.0% 
Dia. on 7-r  25.0%) : 4.843pm % on Dia.( 1.000Vm) : 7.0% 
Dia. o n  yo[ 50 O%-> : 11.644;m 7: on Dta ( 1 0 . 0 0 0 p m )  : 43.8% 
Dna o n  %( 75.0%) ’ 37.392pm 7- on Dits.( 100.000~m> : 90.0% 
Dma. 0 . 3  %< 95.0%) :1 19.694~-  % o n  D i a . ( 1 0 0 0  0 0 0 V m )  : 1 0 0 . 0 %  

1019.5 
890.1 
777.1 
678.5 
592~4 ~~~ 

517.2 
451.6 
394.2 
344.2 
300.5 
262.4 
229.1 

0.00 100.00 
0.00 100.00 
0.00 100.00 
0.00 100.00 
0.00 100.00 ~ ~~ ~ 

0.00 100.00 
0.00 100.00 
0.00 100.00 
0.00 100.00 
0.00 100.00 
0.00 100.00 
0.00 100.00 

200.0 0.33 100.00 
174.6 0.76 99.67 

133.1 
152.5 1-62 98.91 ~~ 

2.93 97.29 
116.2 
101.5 
88.58 
77.34 
67.52 
58.95 
51.47 
44.94 
39.23 
34.25 
29.91 

4.00 94.36 
3.21 90.37 
3.02 87.16 
2.52 84.13 
2.04 81.61 
1.63 79.57 
1.18 77.94 
1.26 76.77 
1 ~ 4 5  75.51 ~ ~ 

1.62 74.07 
1.53 72.45 

26.11 

19.90 

15.17 
13.25 
11.56 
10.10 
8.816 
7.697 
6.720 
5.867 
5.122 
4.472 
3.905 
3.409 
2.976 
2.599 
2.269 
1.981 
1.729 
1.510 
1.318 
1.151 
1.005 
0.877 
0.766 

22.80 

17-38 

1.79 70.92 
2.74 69.13 
3.40 66.39 
4.22 62.99 
4.69 58.77 

5.00 49.13 
4.71 44.13 
4.24 39.42 
3.64 35.17 
3.13 31.54 
2.54 28.41 
2.11 25.87 
1.81 23.77 
1.57 21.96 
1.35 20.39 
1.19 19.04 
1.11 17.84 
1.05 16.73 
1.14 15.68 
1.40 14.54 
1.65 13.14 
2.06 11.49 
2.39 9.43 
2.46 7.04 
2.08 4.58 
1.36 2.51 

4.96 54.08 

0.669 0.70 
0.584 0.31 
0.510 0.13 
0~445 0.00 ~ ~ ~~ 

0.389 0.00 
0.339 0.00 
0.296 0.00 
0.259 0.00 
0.226 0.00 
0.197 0.00 
0.172 0.00 
0.150 0.00 
0.131 0.00 
0.115 0.00 
0.100 0.00 
0.087 0.00 
0.076 0.00 
0.067 0.00 
0.058 0.00 
0.051 0.00 
0.044 0.00 
0.039 0.00 
0.034 0.00 
0.029 0.00 
0.026 0.00 
0.022 0.00 

1.14 
0.44 
0.13 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
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for Windows(TM) Ver.l.2Oj Oct/05/'01 12:26 HORIBA LA-910 
Laser scattering particle size distribution analyzer 

PARTICLE.SIZE MEASUREMENT DATA 
ID# 011004-200 14:13 Material : A Y l O l  
Filename 11004200 Source : Wads W Sampler 
Sample : SOlT001671 Lot Numbe : 

Condition 

(LAMP) I 86.9% R.R.lndex: 1.16-0.OOi ( 
DiSt.Form: Std. Sampling times : 100 > T%XHe.Ne> : 88.5 

Agitation : 1 Circultn : 6  U.sonic : ON( 120) 

Format 

Data 
Dist.base : Volume Scaling : Auto Axis  : LogX - LinearY 

Median : 8 .914~m SP.Area : 17507cm'/cm' S.D. : 15.773~m 
Mode : 10.652pm Mean : 12.870~m 
C.V. : 122.55% 

Span : (D 10.0-D 90.0) / D50 = 2.904 

Dia. on yo( 5.00/,) : 0 .848~m 7- on Dia.( 0 .100~m)  : 0.0% 
Dia. on %( 25.0%) : 3.205um 7- on  Dia.( 1.000~m) : 6.7% 
Dia. on %( 50.0%) : 8 .914~m 7- o n  Dia.( 10.000Vm) : 55.1% 
Dia. o n  %( 75.0%) : 15.449~m 7- on Oia.( 100.000~m> : 99.5% 
Dia. o n  %( 95.0%) : 42.524pm 56 on Dia.(1000.000~m) : 100.0% 

0.02 0.1 I .o 10.0 1W 1020 

1019.5 0.00 100.00 
890.1 0.00 100.00 
777.1 0.00 100.00 

Pam& SLLe I I 

Sire(vm) Freq(%)Und<%) 

26.11 2.16 89.59 
22.60 3.41 87 43 

4 30 84.02 19.90 

... - 

676.5 0.00 100.00 17.38 5.44 79.72 
592.4 0.00 100.00 15.17 6.05 74.27 
517.2 0.00 100.00 6.37 68.22 
451.6 0.00 100.00 
394.2 0.00 100.00 
344.2 0.00 100.00 
300.5 0.00 100.00 
262.4 0.00 100.00 
229.1 0.00 100.00 
200.0 0.00 100.00 
174.6 0.00 100.00 
152.5 0.00 100.00 
133.1 0.14 100.00 
1 1 6 . 2  0.29 99.S6 -~~ ~ ~ ~~ ~~ ~~ 

101.5 0.41 99.56 
86.58 0.57 99.17 

10.10 5.97 55.48 

7.697 4.55 44.18 
6.816 5.33 49.51 

6.720 3.89 39.63 
5.867 3.16 35.73 
5.122 2.61 32.58 
4.472 2.25 29.96 
3.905 1.95 27.72 
3.409 1.69 25.76 

2.599 1.40 22.59 
2.269 1.33 21.19 

2.976 1.49 24-08 

77.34 0.71 98.60 1.981 1.45 19.85 
67.52 0.80 97.89 1.729 1.80 18.41 

0.86 97.09 1.510 2.12 16.61 
1.316 2.65 14.49 

44.94 1.02 95.42 1.151 3.07 11.84 
39.23 1.35 94.39 1.005 3.13 8.77 
34.25 1.69 93.04 0.877 2.61 5.64 
29.91 1.75 91.34 0.766 1.66 3.03 

Am 

Size(pm) Freq(%)U nd(%) - 
0.669 0.65 1.35 
0.564 0.36 0.51 
0.510 0.15 0.15 
0.445 0.00 0.00 
0.389 0.00 0.00 
0.339 0.00 0.00 
0.296 0.00 0.00 
0.259 0.00 0.00 
0.226 0.00 0.00 
0.197 0.00 0.00 
0.172 0.00 0.00 ~~ 

0.150 0 00 0.00 
0.131 0.00 0.00 
0.115 0.00 0.00 
0.100 0.00 0.00 
0~087 0.00 0~00 ~~~~ 

0.076 0.00 0.00 
0.067 0.00 0.00 
0.058 0.00 0.00 
0.051 0.00 0.00 
o ~ ooa 0~00 0~00 _ _  . 
0.039 0.00 0.00 
0.034 0.00 0.00 
0.029 0.00 0.00 

0.00 0.00 0.026 
0.022 0.00 0.00 
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HORIBA 
Laser scattorins 

tor Windows(TM) Ver.1.20i Oct/05/'01 12:26 
, LA-910 

- particlo size distribution analyzer 
PARTICLE.SIZE MEASUREMENT DATA 
ID# . 01 1004-201 14:27 Material 
Filename : 11004201 sou,ce : Wade W Samples 
sample : soirooi874 Lot Numbe : 

: A Y l O l  

Condition 
Dist.Form: Std. Sampling times : 100 > Tv-CHe-Ne3 88.4 

Aeitatiori : 1 Circultn : 6  U.sonic : OFF< 120) 
(LAMP . 85.9% R.R. Indsx:  1 . 1 6 - 0 . O O i  C 

Format 

Data 
Dist.ba-e : Volume ScalinB : Auto Axis : LogX - LinearY 

Median : 5 .504~-  SP.Area : 23626cm'/cm' S.D. : 6.005wm 
Mode : 10.787~-  M e a n  : 6 . 9 5 3 ~ -  
C.V. : 66.37% 

Span : <D 10.0-D 90.0) / 050 = 2.633 

Dia. on 7 - C  5.0%) : 0 . 6 1 6 v m  7- o n  Dia.( 0.100wm) : 0.0% 
Dia. on vO( 25.0%-) . 1.535pm 7- on D 8 a . C  1.000Pm) z 11.2% 
Dta .  on vO< 50.070) : 5.504pm 7- on D#a.(  10.000Pm) : 71.8% 
Doa on VI_< 75 0%): 10.720um %. on D1a.f 100.000um> : 100.0% 

Sire(pm) 

1019.5 
890.1 
777.1 
678.5 
592.4 
51 7.2 
451.6 
394.2 
344.2 
300.5 
262.4 
229.1 
200.0 
174.6 
152.5 
133.1 
116.2 
101.5 
88.58 
77  3a 
67.52 

0.00 100.00 
0.00 100.00 
0.00 100.00 
0.00 100.00 
0.00 100.00 
0.00 100.00 
0.00 100.00 
0.00 100.00 
0.00 100.00 
0.00 100.00 
0.00 100.00 
0.00 100.00 
0.00 100.00 
0.00 100.00 
0.00 100.00 
0.00 100.00 

0.88 1.33 26.11 1.12 99.41 0.669 
22.80 1.63 96.29 0.584 0.33 0.44 
19.90 3.08 96.46 0.510 0.12 0.12 
17.36 3.92 93.38 0.445 0.00 0.00 
15.17 5.08 89.47 0.389 0.00 0.00 
13.25 5.69 84.39 0.339 0.00 0.00 
11.56 6.25 78.50 0.296 0.00 0.00 
10.10 6.05 72.24 0.259 0.00 0.00 
8.616 5.53 66.19 0.226 0.00 0.00 
7.697 4.80 60.66 0.197 0.00 0.00 
6.720 4.20 55.86 0.172 0.00 0.00 
5.867 3.53 51.66 0.150 0.00 0.00 
5.122 3.06 48.13 0.131 0.00 0.00 
4.472 2.76 45.07 0.115 0.00 0.00 
3.905 2.59 42.30 0.100 0.00 0.00 
3.409 2.41 39.71 0.067 0.00 0.00 

0.00 100.00 2.976 2.30 37.30 0.076 0.00 0.00 
0.00 100.00 2.599 2.29 35.00 0.067 0.00 0.00 
0.00 100.00 2.269 2.30 32.71 0.056 0.00 0.00 
0.00 100.00 1.981 2.58 30.41 0.051 0.00 0.00 
0.00 100.00 1.729 3.22 27.63 0.044 0.00 0.00 

58.95 0.00 100.00 1.510 3.77 24.61 0.039 0.00 0.00 
51.47 0.00 100.00 1.316 4.52 20.84 0.034 0.00 0.00 
44.94 0.00 100.00 1.151 4.92 16.33 0.029 0.00 0.00 

0.00 0.00 39.23 0.00 100.00 1.005 4.61 11.41 0.026 ~~~~~ ~ ~~ ~~~~~~ ~ ~~ ~~ 

34.25 0.15 100.00 0.677 3.48 6.80 0.022 0.00 0.00 
29.91 0.44 99.65 0.766 1.99 3.32 
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HNF-9545, Rev. 0 

for Windows(TM) VET. 1.2Oj Oct/05/'01 12:27 HORIBA LA-910 
Laser scattering particle size distribution analyzer 

PARTICLE SIZE MEASUREMENT DATA 
ID# : 011004-202 14:32 Material : A Y l O l  
Fiicname : 11004202 source : Wade W Samples 
Sample : SOlT001874 Lot Numbe : 

Condition 
r%(ne.Ne) : 88.5 Dist.Form: Std. Sampling times : 100 

Agitation : 3 Circultn 1 6  U.sonic : OFF( 120) 
(LAMP): 86.1% R.R.Index: 1.16-0.OOi C > 

Format 

Data 
Dist.base : Volume Scaling : Auto Axis : LogX . LinearY 

Median : 13.751~m SP.Area : 14253cm*/cm' S.D. : 81.252~m 
Mode I 143.463pmMean : 70.248~m 
C.V. : 115.66%- 

Span : (D 10.0-D 90.0) / 050 = 13.487 

Dia. o n  %( 5.0%) : 0.898mm 7- on Dia.( 0.100Vm) : 0.0% 
Dia. o n  %( 25.0%) : 4.067pm 7- on Dia.( 1.000pm) : 7.3% 
Dia. on  %( 50.056) : 13.751pm 7- on Dia.( 10.000~m) : 41.97- 
Dia. o n  7 - C  75.0%) :142.195um % o n  0 i a . C  100.000um> : 60.8% 

1019.5 0.00 100.00 26.11 0.66 58.19 0.669 0.63 0.88 
890.1 0.00 100.00 22.80 1.17 57.53 0.584 0.24 0.24 
777.1 0.00 100.00 19.90 1.79 56.36 0.510 0.00 0.00 

17.38 2.41 54.57 0.445 0.00 0.00 
592.4 0.00 
517.2 0.00 
451.6 0.00 
394.2 0.16 
344.2 0.29 
300.5 0.90 
262.4 1.84 
229.1 3.83 
200.0 5.84 
174.6 7.39 
152.5 9.27 
133.1 6.42 
116.2 3.11 
101.5 1.17 
88.58 0.51 
77.34 0.18 
67.52 0.12 
58.95 0.00 
51.47 0.00 
44.94 0.00 
39.23 0.16 
34.25 0.26 
29.91 0.37 

00.00 
00.00 
00.00 
00.00 
99.84 
99.56 
98.66 
96.82 
92.98 
87.15 
79.76 
70.49 
64.07 
60.96 
59.79 
59.28 
59.10 
58.98 
58.98 
58.98 
58.98 
58.82 
58.56 

15.17 2.99 52.16 
~~ 

0.389 0.00 
13.25 3.41 49.18 0.939 0.00 
11.56 3.62 45.77 0.296 0.00 
10.10 3.53 42.15 0.259 0.00 
8.816 3.25 38.63 0.226 0.00 
7.697 2.85 35.38 

~~~~ 

0.197 0.00 
6.720 2.50 32.53 0.172 0.00 
5.867 2.09 30.02 0.150 0.00 
5.122 1.80 27.93 0.131 0.00 
4.472 1.61 26.13 0.115 0.00 ~ 

3.905 1.47 24.52 
0.087 0.00 3.409 1.34 23.05 

2.976 1.25 21.71 0.076 0.00 
2.599 1.22 20.46 0.067 0.00 
2.269 1.22 19.24 0.058 0.00 
1.981 1.37 18.02 
1.729 1.73 16.65 
1.510 2.07 14.92 
1.318 2.57 12.85 
1.151 2.91 io.2a ~ ~~~ ~ ~~ 

1.005 2.86 7.37 
0.877 2.27 4.51 
0.766 1.36 2.28 

~ ~~ 

0.051 0.00 
0.044 0.00 
0.039 0.00 
0.034 0.00 
0.029 0.00 
0.026 0.00 
0.022 0.00 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
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HNF-9545. Rev. 0 

ior Windows(TM) Ver.l.20i Oct/05/'01 12:27 HORIBA LA-910 
Laser scattering particle size distribution analyzer 

PARTICLE SIZE MEASUREMENT DATA 
I D 1  : 01 1004 203 14:37 
Filename : 11004203 
Sample : SOlT001874 

Condition 
88.7 Dist.Form T%'$!%fiF\ i 86.0% R.R. Index 

Asitation : 3 Circuitn 

Format 

Data 
Dist.base : Volume Scaling 

Median : 15.817um SP.Area : 

Material : A Y 1 0 1  
s o u r c e  : Wads W Samples 
Lot Numbs : 

Std. Sampling times : 100 

6 U.sonic : ON( 120) 

Auto Axis  : LogX . LinearV 

1.16-0.OOi ( > 

14782cm'/cm* S.D. : 79.005vm 
Modo : 142.103vmMean : 72.311vm 
C.V. : 109.267- 

Span : (0 10.0.0 90.0) / D50 = 11.402 

Dia. on %( 5.0%) : 0.843vm 7- on  Dia.' 0.100vm> : 0.0% 
Did. on %( 25.0%) : 4.302pm 7- on Die.( 1.OOOvm) : 8.8% 
Did. on %( 50.0%) : 15.817vm 7- on 0 i a . c  10.000~m) : 39.87- 

4- o n  D1s.f 100.000um~ : 58.5% 

Size(vm> Freq<%>Und(%> 

1019.5 
890.1 
777~ 1 
678.5 
592.4 
517.2 
451.6 
394.2 
344.2 
300.5 
262.4 
229.1 
200.0 
174.6 
152.5 
133.1 
116.2 
101.5 
88.58 
77.34 
67.52 
58.95 
51.47 
44.94 
39.23 
34.25 
29.91 

0.00 100.00 
0.00 100.00 
0.00 100.00 
0.00 100.00 ~~ ~~~ ~~ 

0.00 100.00 
0.00 100.00 
0.00 100.00 
0.13 100.00 
0.24 99.87 
0.75 99.63 
1.56 98.88 
3.36 97.33 
5.52 93.97 
7.48 88.45 ~ ~~~ ~ 

10.21 80.97 
7.84 70.77 
4.24 62.92 
1.64 58.69 
0.78 57.04 
0.30 56.27 
0.20 55.96 
0.13 55.76 
0.00 55.63 
0.11 55.63 
0.18 55.52 
0.26 55.34 
0.34 55.08 

26.11 
22.80 
19.90 
17.38 
15.17 
13.25 
11.56 
10.10 
8.816 
7.697 
6.720 
5.867 
5.122 
4.472 
3.905 

0.58 
1.05 
1.60 
2.18 
2.73 
3.15 
3.37 
3.29 
3.02 
2.63 
2.28 
1.88 
1.58 
1.39 
1.24 

54.74 
54.16 
53.11 
51.51 
49.33 
46.60 
43.45 
40.08 
36.79 
33.76 
31.13 
28.85 
26.98 
25.40 
24.01 

3.409 1.10 22.77 
2.976 1.01 21.67 
2.599 0.99 20.66 
2.269 0.99 19.67 
1.981 1.13 18.68 
1.729 1.47 17.56 
1.510 1.83 16.08 
1.318 2.42 14.25 
1.151 2.94 11.83 
1.005 3.11 8.89 
0.877 2.66 5.78 
0.766 1.74 3.12 

0.669 0.87 
0.584 0.37 
0.510 0.15 
0.445 0.00 
0.389 0.00 ~ ~~ ~ ~~ 

0.339 0.00 
0.296 0.00 
0.259 0.00 
0.226 0.00 
0.197 0~00 .... ~~~~~ 

0.172 0.00 
0.150 0.00 
0.131 0.00 
0.115 0.00 
0.100 0.00 ~~ 

0.087 0.00 
0.076 0.00 
0.067 0.00 
0.058 0.00 
0.051 0.00 
0.044 0.00 
0.039 0.00 
0.034 0.00 
0.029 0.00 
0~026 0 00 
0.022 0.00 

1.38 
0.51 
0.15 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
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HNF-9545, Rev. 0 

tor Windows(TM) Ver. 1.20i Oct/05/'01 12:27 HORIBA LA-910 
Laser scattering particle size distribution analyzer 

~ 

PARTICLE SIZE MEASUREMENT DATA 
I DX : 011004-204 1 4 r 4 1  Material : A Y l O l  
Filename : 11004204 sourc- : Wads W Samples 
sample : so i roo i874  Lot Numbe : 

Condition 
TV-CHe-Ne3 j 88.8 Dist.Form: Std. Sampling times 1 100 

Agitation : 1 

(LAMP . 66.2% R.R.lnd-x: 1.16-0.OOi < > 
Circultn : 6  U. sonic : ON< 120) 

Format 

Data 
Diskbase : Volume Scaling : Auto Axis : LogX - LinsarY 

Msdian : 14.469pm SP.Area : 15172cm*/cm' S.D. : 81.395Vrn 
Mode : 143.170wmMean : 74.093~- 
C.V. : 109.85%- 

Span : (D 10.0-D 90.0) / D50 = 12.820 

Dia. o n  ve( 5.07-0) 0.836pm 7- on Dia.( 0 . lOOcrm)  : 0.0% 
Dia. o n  ye< 25.0%) 
Dia. o n  %( 50.0%) 
Dia. on Ve( 75.0%) 
Dia. on %( 95:0%) 

_. 

0.02 0. I 1 .O 10.0 I O 0  1020 
PVnslc s i zd  I pm 

Size<vm> Freq<%>Und<%b) Size<Pm) Freq<%)Und<%) SizeCPm) Freq<%>Und<%) ________ ____ _. __ 
1019.5 0.00 100.00 26.1 1 0.41 55.46 0.669 0.89 1.40 
890.1 0.00 100.00 22.80 0.82 55.07 0.584 0.37 0.51 
777.1 0.00 100.00 19.90 1.37 54.25 0.510 0.15 0.15 
678.5 0.00 100.00 17.38 1.99 52.88 0.445 0.00 0.00 

0.00 0.00 592.4 0.00 100.00 15.17 2.63 50.69 0.369 
517.2 0.00 100.00 13.25 3.16 48.26 0.339 0.00 0.00 
451.6 0.00 100.00 11.56 3.47 45.11 0.296 0.00 0.00 
394.2 0.14 100.00 10.10 3.45 41.64 0.259 0.00 0.00 
344.2 0.25 99.86 8.816 3.20 38.19 0.226 0.00 0.00 
300.5 0.62 99.61 7.697 2.78 35.00 0.197 0.00 0.00 
262.4 1.77 96.79 6.720 2.41 32.21 0.172 0.00 0.00 
229.1 3.90 97.02 5.867 1.97 29.60 0.150 0.00 0.00 
200.0 6.20 93.12 5.122 1.65 27.82 0.131 0.00 0.00 
174.6 8.07 86.92 4.472 1.44 26.17 0.115 0.00 0.00 ~~ ~~ ~~ ~~ ~ ~ ~~~ ~~~ ~ ~~~~ 

152.5 10.56 78.85 3.905 1.28 24.72 0.100 0.00 0.00 
133.1 7.29 68.29 3.409 1.14 23.44 0.087 0.00 0.00 
116.2 3.40 61.00 2.976 1.04 22.31 0.076 0.00 0.00 
101.5 1.14 57.60 2.599 1.02 21.26 0.067 0.00 0.00 
88.58 0.47 56.46 2.269 1-01 20.25 0.056 0.00 0.00 
77.34 0.15 55.99 1.961 1.16 19.24 0.051 0.00 0.00 ~~ ~~ ~~ ~ ~~ ~ ~~ ~ ~~ ~ 

67.52 0.00 55.84 1.729 1.52 18-08 0.044 0.00 0.00 
58.95 0.00 55.84 1.510 1.89 16.56 0.039 0.00 0.00 
51.47 0.00 55.64 1.318 2.50 14.67 0.034 0.00 0.00 
44.94 0~00 55.84 1 ~ 1 5 1  3 ~ 0 4  1 2 ~ 1 7  0~029 0.00 0~00 ~ ~ ~~ 

39.23 0.00 55.64 1.005 3.21 9-13 0.026 0.00 0.00 
34.25 0.15 55.64 0.877 2.74 5.92 0.022 0.00 0.00 
29.91 0.21 55.69 0.766 1.76 3.16 
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HNF-9545, Rev. 0 

for Windows(TM> Ver. 1.201 Oct/05/'01 12~28 
HORIBA LA-910 
Laser scattering particle size distribution analyzer 

PARTICLE SIZE MEASUREMENT DATA 
ID# : 01 1004-205 14:59 Material : A Y l O l  
Filename : 11004205 source : Wade W Samples 
Sample : SOlT001874 Lot Numbe : 

Condition 
Hn-Ne) : 89.1 Dist.Form: Std. Sampling times : 100 

TS((LAMp,: 87.02 R.R.Ind-x: 1.16-0.OOi < > 
Agitation : 1 Circultn : 6  U.sonic : OFF( 120) 

Format 

Data 
Dist.base : Volume Scaling : Auto Axis : LogX - LinsarY 

Median : 5.217pm SP.Area : 24065cm*/cm' S.D. : 5.480~m 
Mode : 10.741~lm Mean : 6.497pm 
C.V. : 84.34% 

Span : (D 10.0-D 90.0) / 050 = 2.549 

Dia. o n  yo( 5.0%) : 0.817pm % o n  Dia.( 0.100pm> : 0.0% 
Dla. on %( 25.0%) : 1.509pm % o n  Die.< 1.000pm) : 11.3% 
nia o n  7 - c  50 o%> : 5.217"- 7- o n  Die.< 10.000um) : 74.74, ,- - . -. - . . ,__ __~ . I__  ~ ~~~~ 

Did. o n  %( 75.0%) : 10.056;m % on Dia.? 100.oooLmj : ~oo.oS, 
Dia. o n  yo( 95.0%) : 17.053~m yo on Dia.<1000.000~m~ : 100.0% 

/ 

0.02 0. I 1 .o 1o.a 

1019.5 0.00 100.00 
890.1 0.00 100.00 
777.1 0.00 100.00 
678.5 0.00 100.00 ~ ~~ ~~~ ~ 

592.4 0.00 100.00 

26.1 1 0.67 99.80 
22.80 1.24 99.12 
19.90 2.42 97.88 
17.36 3.32 95.46 ~ 

15.17 4.70 92.14 
517.2 0.00 100.00 13.25 5.81 87.44 
451.6 0.00 100.00 11.56 6.43 81.62 
394.2 0.00 100.00 10.10 6.39 75.19 
344.2 0.00 100.00 8.816 5.90 68.81 ~ ~ ~ 

300 5 0.00 100.00 7.697 5.15 62.90 
262.4 0.00 100.00 6.720 4.50 57.75 
229.1 0.00 100.00 5.867 3.76 53.25 
200.0 0.00 100.00 5.122 3.24 49.49 
174.6 0~00 100.00 4.472 2.92 46.26 - .  
152.5 0.00 100.00 
133.1 0.00 100.00 

~ ~~ ~ ~~ - 
3.905 2.70 43.33 

Size(pm> Freq(%>UndC%> 

0.88 1.32 0.669 
0.584 
0.510 
0.445 

0.32 0.44 
0.11 0.11 
0.00 0.00 

0.389 0.00 
0.339 0.00 
0.296 0.00 
0.259 0.00 
0.226 0.00 
0.197 0.00 
0.172 0.00 
0.150 0.00 
0.131 0.00 
0.115 0.00 
0.100 0.00 

~ ~~ -~~ ~~ 

67.52 0.00 100.00 
58.95 0.00 100.00 

3.409 2.51 40.63 0.087 0.00 
116.2 0.00 100.00 2.976 2.38 38.12 0.076 0.00 
101.5 0.00 100.00 2.599 2.37 35.74 0.067 0.00 
88.58 0.00 100.00 2.269 2.38 33.37 0.058 0.00 
77~34 0.00 100.00 1.981 2.67 30.99 

51.47 0.00 100.00 
44.94 0.00 100.00 
39.23 0.00 100.00 
34.25 0.00 100.00 
29.91 0.20 100.00 

~ ~~~ 

1.729 3.31 28.32 
1.510 3.87 25.01 
1.318 4.62 21-14 
1.151 5.01 16.51 
1.005 4.67 11-50 
0.877 3.51 6.82 
0.766 2.00 3.32 

0.044 0.00 
0.039 0.00 
0.034 0.00 
0.029 0.00 

~ 

0.026 0.00 
0.022 0.00 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
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tor Windows<TM) Ver.l.2Oj Oct/05/'01 12:28 HORIBA LA-910 
Laser scatterinn Darticle size distribution analyzer - .  

PARTICLE SIZE MEASUREMENT DATA 
ID# 

sampie : so i roo ie74 Lot Numbe : 

: 01 1004-206 15:04 Material : A Y l O l  
: Wade W Samples Filename : 11004206 source  

Condition 
T%<He-Ne> : 89.2 Dist.Form: Std. Sampling times : 100 

Asitation : 3 Circultn : 6  U.sonic : OFF< 120) 

<LAMP): e7.3Z R.R.lndex: 1.16-0.OOi C > 

Format 

Data 
Dist.baSe : Volume Scaling : Auto Axis : LogX - LinearY 

Median : 5.433pm SP.Area : 24352cmz/cm' S.D. : 5.702pm 
Mode : 10.766vm Mean : 6.707pm 
C.V. : 85.01% 

Span : (D 10.0-D 90.0) / D50 = 2.547 

Dia. o n  %( 5.0%) : 0.802pm % on Dia.( 0.100pm) : 0.0% 
Dsa on vi( 25.07;) ' 1.465pm 7- O n  Dia.( 1 . 0 0 0 p m )  12 3% 
Doa. on %( 50.0%) : 5 .433~-  7- on Dia.( 1 0 . 0 0 0 p m )  : 73.0% 
mar 75 ov->: 10.419um ?Z on D8a.C 1 0 0 . 0 0 0 u m )  : 1 0 0 . 0 %  

P V t i C l C  *ire I pl 

Sizstpm) Frsq(%)UndC7-) Size<pm> Freq<%>Und<%) Size<vm) Freq<%)Und<%> 
~. ... . ..... I_ 

1019.5 0.00 100.00 26.11 0.85 99.72 0.669 1.00 1.50 
890.1 0.00 100.00 22.80 1.50 98.87 0.584 0.37 0.50 
777.1 0.00 100.00 19-90 2.75 97.37 0.510 0.13 0.13 
678.5 0.00 100.00 17-38 3.65 94.62 0.445 0.00 0.00 ~ ~~~ ~~~~~ ~ ~~ ~~ ~~ ~ 

592.4 0.00 1OD.00 15.17 4.99 90.97 0.389 0.00 0.00 
517.2 0.00 100.00 13.25 6.00 85.99 0.339 0.00 0.00 
451.6 0.00 100.00 11.56 6.50 79.99 0.296 0.00 0.00 

10.10 6.35 73.50 0.259 0.00 0.00 394.2 0.00 100.00 
344.2 0.00 100.00 8.816 5.79 67.15 0.226 0.00 0.00 
300.5 0.00 100.00 7.697 5.00 61.35 0.197 0.00 0.00 
262.4 0.00 100.00 6.720 4.33 56.35 0.172 0.00 0.00 
229.1 0.00 100.00 5.867 3.58 52.02 0.150 0.00 0.00 
200.0 0.00 100.00 5.122 3.05 48.45 0.131 0.00 0.00 
17P fi 0 00 1 0 0  00 0 079 2 7 3  4540 0 1 1 5  0.00 0.00 ~~~~~ . ~~ ~ ~~~ - .  - . - - - - -. - - .. ~~~ . 
152.5 0.00 100.00 3.905 2.50 42.67 0.100 0.00 0.00 
133.1 0.00 100.00 3.409 2.30 40.16 0.087 0.00 0.00 
116.2 0.00 100.00 2.976 2.17 37.87 0.076 0.00 0.00 
101.5 0.00 100.00 2.599 2.15 35.70 0.067 0.00 0.00 
8 8 ~ 5 8  0.00 100.00 2.269 2-17 33-54 0.058 0.00 0.00 ~~~~~ ~~~~~~ ~~ ~~~~ ~ ~~~ ~~~ ~ ~ ~ 

77.34 0.00 100.00 1.981 2.45 31.36 0.051 0.00 0.00 
67.52 0.00 100.00 1.729 3.10 28.92 0.044 0.00 0.00 
58.95 0.00 100.00 1.510 3.71 25.82 0.039 0.00 0.00 
51.47 0.00 100.00 1.318 4.56 22-11 0.034 0.00 0.00 
44~94 0~00 1 0 0 ~ 0 0  1.151 5.11 17.55 0.029 0.00 0.00 ~ ~ ~~ ~.~ ~~ ~ ~~~ ~ ~~ ~ 

39.23 0.00 100.00 1005 4.92 12.44 0.026 0.00 0.00 
3.80 7.52 0.022 0.00 0.00 34.25 0.00 100.00 0.877 

29.91 0.28 100.00 0.766 2.22 3.72 
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for WindowsCTM) Ver.l.20j Oct/05/’01 12:28 HORIBA LA-910 
Laser scattering particle slzo distribution analyzer 

. 01 1004.207 1511 1 Material : A Y l O l  
: Wade W Samples 

PARTICLE.SIZE MEASUREMENT DATA 
I DX 

Sample : SOlT001874 Lot Numb0 : 
Filename : 11004207 SOUrCE 

Condition 
Dist.Foimi Std. Sampling times : 100 > TT-I,(He-Ne) : 89.4 

Agitation : 3 Circultn : 6  U.sonis : ON( 120) 
(LAMP): 87.2% R.R.IndeX: 1.16.O.OOi C 

Format 

Data 
Dist.base : Voluma Scaling : Auto Axis : LogX . LinearY 

: 83.824wm Median : 11.165pm SP.Area : 17060cmz/cm’ S.D. 
Mode : 145.605wmMean : 66.349wm 
C.V. : 126.34% 

Span : (D 10.0-D 90.0) / D50 = 17.088 

Dia. o n  %< 5.0%) : 0.818um % on Dia.( 0.100wm) : 0.0% 
Dia. o n  yo( 25.0?0j : 2.879Lm 7; o n  Dia.( l.oO0wm) : 10.1% 
Dia. on %< 50.07-0) : 11.185wm 7- on Dia.( 10.000wm) : 46.7% 
~ i a .  on %( 75.0%) :143.554wm on D i a . C  100.000wm> : 64.3% 
Dia. on %( 95.0%) :220.299lJm % o n  Dia.(lOOO.OOOlJm) : 100.0% 

Sizecwm) 

1019.5 
890.1 
777.1 
678.5 
592.4 
517.2 
451.6 
394.2 
344.2 
300.5 
262.4 
229.1 
200.0 
174.6 
152.5 
133.1 
116.2 
101.5 
88.58 
77.34 
67.52 
58.95 
51.47 
44.94 
39.23 
34.25 
29.91 

0.00 100.00 
0.00 100.00 
0.00 100.00 
0.00 100.00 
0.00 100.00 
0.00 100.00 
0.00 100.00 
0.18 100.00 
0.32 99.82 
1.05 99.50 
2.17 98.45 

26.11 
22.80 
19.90 
17.38 
15.17 
13.25 
11.56 
10.10 
8.816 
7.697 ~~ 

6.720 
4.45 96.28 5.867 
6.19 91.83 5.122 
7.11 65.64 a~U72 
7.97 78.53 

.. .. - 
3.905 

4.54 70.56 
1 .71  66.02 
0.52 64.31 
0 . 1 8  63.79 ~~~~ ~~~~ ~ 

0.00 63.61 
0.00 63.61 
0.00 63.61 
0.00 63.61 
0.00 63.61 
0.00 63.61 
0.12 63.61 
0.21 63.49 

Particle r h  I ern 

3.409 
2.976 
2.599 
2.269 ~ ~~~ 

1.981 
1.729 
1.510 
1.318 
1.151 
1.005 
0.877 
0.766 

0.47 
0.95 
1.64 
2.37 
3.13 

Sirecwm) FreqCW>Und<%> SizeCwm) Freq<%>UndC%> - -. 
0.669 0.98 1.53 
0.584 0.40 0.56 
0.510 0.16 0.16 
0.445 0.00 0.00 

3.73 
4.04 
3.95 
3.61 
3.11 
2.68 
2.18 
1.83 
1.60 
1.43 
1.28 
1.18 
1.16 
1.16 
1.33 
1.75 

2.87 
3.46 
3.63 
3.07 
1.97 

2.18 

_ _  
63.28 
62.81 
61.86 
60.22 
57.85 
54.72 
50.99 
46.96 
43.00 
39.39 
36.28 
33.60 
31.42 
29.59 
27.99 
26.56 
25.29 
24.11 
22.95 
21.79 
20.46 
16.71 
16.53 
13.66 
10.20 
6.58 
3.51 

0.389 0.00 
0.339 0.00 
0.296 0.00 
0.259 0.00 
0.226 0.00 
0.197 0.00 
0.172 0.00 
0.150 0.00 
0.131 0.00 
0.115 0.00 ~ ~~~ 

0.100 0.00 
0.087 0.00 
0.076 0.00 
0.067 0.00 
0.058 0.00 
0.051 0.00 
0.044 0.00 
0.039 0.00 
0.034 0.00 
0.029 0.00 
0.026 0.00 
0.022 0.00 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
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Horiba LA-910 Generated Number Distribution 
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HNF-9545, Rev. 0 

ror WindowsCTM) ver. 1.31 ~ ~ ~ / o i / ’ 2 0 ( 1 ~ 3 : 0 4  HORIBA LA-910 
Laser scattering particle size distribution analyzer 

PARTICLE SIZE MEASUREMENT DATA 
ID# . 1901 1004-206 15: 14 source 
Filename 11004206 Lot Numbe : 
Sample : SOlT001874 Test Numb : Dup 
Material : A Y l O l  Instrument : 

: Wade W Samples 

Condition sampling times : 100 
T%h(He-Ne) : 69.5 Dist.Form : Std. 

Agitation : 1 
R.R.Index : 1.16-0.OOi < 
Circulation : 6 Ultrasonic : ON? 120) 

(LAMP): 87.2% 

Format 

Data 
Diit.base : Volume Scaling : Auto Axis : LogX . LinearY 

Median : 12.415prn SP.Area : 16189cma/cmn S.D. : 81.507pm 
Mode : 143.668pmMean : 69.231~- 
C.V. : 117.73% Span : (D 10.0-D 90.0) / D50 = 14.935 

Dia. o n  yo( 5.0%) : 0.826~m 7- on D 1 a . C  0.100pm) : 0.0% 
Dia. on  %( 25.0%) : 3.375vm 7- o n  Dia.( 1.000pm) : 9.6% 
Dia. o n  7 - r  50.07-1 : 12.415um 4- on Dia.r 10.000~m> : 44.2% 

Sizacum) 

775: i 
678.5 
592.4 
517.2 
451 fi 

300.5 
262.4 
229.1 
200.0 
174.6 
152.5 
133.1 
116.2 
101.5 
66.58 
77.34 
67.52 
58.95 
51.47 

0.00 100.00 
0.00 100.00 
0.00 100.00 
0.00 100.00 
0 00 1 0 0  00 
0 00 1 0 0 . 0 0  
0.00 1 0 0  00 
0 15 100.00 
0.27 99.85 
0.66 99.59 
1.80 96.73 
3.66 96.92 

9.41 79.69 
6.27 70.26 
2 ~ 8 5  64.01 

0.39 60.21 
0.13 59.82 
0.00 59.69 
0.00 59.69 
0.00 59.69 

44.94 0.00 59.69 
39.23 0.00 59.69 
34.25 0.15 59.69 
29.91 0.22 59.55 

26.11 
22.80 
19-90 
17.38 
15.17 
13.25 
11.56 
10.10 
8.816 
7.697 
6.720 
5.867 
5.122 
4.472 
3.905 
3.409 
2.976 
2.599 
2.269 
1.961 
1.729 
1.510 
1.316 
1.151 
1.005 
0.877 
0.766 

Particle s,ze / 

rsq<%)Und<%) 

0.43 59.33 
0.66 58.90 
1.46 58.03 

- 

2.13 56.57 
2.83 54.45 
3.40 51.62 
3.73 48.23 
3.70 44.50 
3.42 40.60 
2.97 37.38 
2.57 34.41 
2.10 31.64 
1.76 29.74 
1.53 27.99 

urn 

So=e(vm> Freq(%>UndC%> 
._ - 

0.669 0.94 1.49 
0.564 0 39 0.54 
0.510 0.15 0.15 
0.445 0.00 0.00 
0.369 0.00 0.00 
0.339 0.00 0.00 
0.296 0.00 0.00 
0.259 0.00 0.00 
0.226 0.00 0.00 
0.197 0.00 0.00 
0.172 0.00 0.00 
0.150 0.00 0.00 
0.131 0.00 0.00 
0.115 0.00 0.00 

0.259 0.00 0.00 
0.226 0.00 0.00 
0.197 0.00 0.00 
0.172 0.00 0.00 
0.150 0.00 0.00 
0.131 0.00 0.00 ~~ ~~ 

0.115 0.00 0.00 
1.36 26.45 0.100 0.00 0.00 
1.21 25.09 0.087 0.00 0.00 
1.11 23.88 0.076 0.00 0.00 
1.09 22.77 0.067 0.00 0.00 
1.08 21.66 
1.24 20.60 
1.63 19.36 
2.04 17.73 
2.69 15.69 
3.26 13.00 
3.44 9.74 
2.93 6.31 
1.89 3.36 

0.058 0.00 0.00 
0.051 0.00 0.00 
0.044 0.00 0.00 
0.039 0.00 0.00 
0.034 0.00 0.00 
0.029 0.00 0.00 
0.026 0.00 0.00 
0.022 0.00 0.00 
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for WlndowsCTM) V e r .  1.31 Oct/30/'200112:1 7 HORIBA LA-910 
Laser scattering part ic is size distr lbut ion analyzer 

PARTICLE.SIZE MEASUREMENT DATA 
I Dt l  19011005~193 13:33 
Filoname !11004193 
Sample : S O l T 0 0 1 8 7 1  
Material : A V l O l  
Condition 

T%CHa-Ne) : 87.6 Dist.Form 
CLAMP) : 86.8% R.R.lndex 

AgltatOon : 1 Circubt ion 

Format 

Data 
Dist.base : Number Scaling 

source : Wade W Samples 
Lot Numb= : 
Test Numb : 
Instrument : 

Std. Samplina t imes : 100 
1 . 1 6 - 0 . O O i  ( 
6 Ultrasonic : OF&( 120) 

Auto Axis : LogX - LinearY 

: 0.803um Median : 0.909um SP.Area : 10487cmVcm' S . D .  

C.V. : 74.20% Span : (D 10.0-D 90.0) / 050 = 0.939 

Dia. on %( 5.0%) : 0 .622~-  % o n  0 i a . C  0 . l O O u m )  : 0.0% 
Dia. on %( 25.0%) : 0 .756~-  % O n  Dia.C 1.000um) : 62.2% 
Dia. on %( 50.0%) : 0 .909~-  , % o n  Dia.< 1 0 . 0 0 0 u m )  : 99.9% 
Dia. on %( 75.0%) : 1.140wm %on Dia.C 100.000um) : 100.0% 
Dia. o n  %( 95.0%) 1 1.964um % o n  Dia.C100O.OOOum) : 100.0% 

Mode : iS.824vm Mean : 1 . 0 8 2 p r n  

Sire(pm) 

1019.5 
890.1 
777.1 
678.5 
592.4 
517.2 
451.6 
394.2 
344.2 
300.5 
262.4 
229.1 ~~ 

200.0 
174.6 
152.5 
133.1 
116.2 
101.5 
88.58 
77.34 
67~52 
58.95 
51.47 
44.95 
39.23 
34.25 
29.91 

0.00 100.00 
0.00 100.00 
0.00 100.00 
0.00 100.00 
0.00 100.00 
0.00 100.00 
0.00 100.00 
0.00 100.00 
0.00 100.00 
0.00 100.00 
0.00 100.00 
0.00 100.00 ~ ~~ 

0.00 100.00 
0.00 100.00 
0.00 100.00 
0.00 100.00 
0.00 100.00 ~ ~ 

0.00 100.00 
0.00 100.00 
0.00 100.00 
0.00 ioo.aa 

~ ~ _ _ . ~  ~- 
0.00 100.00 
0.00 100.00 
0.00 100.00 
0.00 100.00 
0.00 100.00 
0.00 100.00 

26.11 
22.80 
19.90 

15.17 
13.25 
11.56 
10.10 
8.816 
7.697 
6.720 

5.122 
4.472 
3.905 
3.409 
2.976 
2.599 
2.269 
1.981 
1.729 
1.510 
1.318 
1.151 
1.005 
0.877 
0.766 

17.38 

5.867 

0.00 100.00 
0.00 100.00 
0.01 100.00 
0.01 99.99 
0.02 99.98 
0.03 99.96 
0.04 99.93 
0.06 99.89 
0.08 99.83 
0.11 99.75 
0.14 99.64 
0.17 99.50 
0.22 99.33 
0.29 99.11 
0.38 98.82 
0.50 98.44 
0.66 97.95 
0.91 97.29 
1.26 96.38 
1.94 95.12 
3.29 93.19 
5.27 89.69 ~. ~~ _ _  
8.69 84.63 

13.14 75.94 
17.36 62.80 

15.93 26.59 
18.84 45.43 

0.669 10.66 
0.584 0.00 
0.510 0.00 
0.445 0.00 
0.389 0.00 
0.339 0.00 
0.296 0.00 ~~ ~ ~ ~~ 

0.259 0.00 
0.226 0.00 
0.197 0.00 
0.172 0.00 
0.150 0.00 
0.131 0.00 
0.115 0.00 
0.100 0.00 
0.087 0.00 
0.076 0.00 
0.067 0.00 
0.058 0.00 
0.051 0.00 
0.054 0.00 
0.039 0.00 
0.034 0.00 
0.029 0.00 
01026 0.00 
0.022 0.00 

10.66 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00. 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
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for Windowr<TM> Ver. 1.31 Oct/30/'200U2:17 HORIBA LA-910 
Laser 5CPttOring particle 5 1 2 -  0iStributiOn s n a l y r c r  

PARTICLE.SIZE MEASUREMENT DATA 
ID# 19011004.194 13:SE source . Wade W Samples 
Filename i 11004194 LotNurnbe 
sample . so i roo i871 Test Numb : 
Materlal : A Y l O l  Instrument : 
Condition 

T%(Ho.Nc> : 87.6 Dist.Form : Std. Sampling times : 100 
(LAMP)  i 86.B2 R . R . l n d e x  . 1.16-0.OOi ( 

AgitatlQn . 3 Circulation I6 Ultrasonic : OF&( 120) 

Format 

D I t e  
Dist.bese : Number Scaling : Auto Axis : L O g X .  LinEarY 

Median : 0.870vm SP.Area : 9862crna/crn' S.D. : 0.762~- 
M o d e  : 0 . 8 2 1 v m  Mean : 1.023pm 
C.V. : 74.45% Span : <D 10.O.D 90.0) / D50 = 0.953 

Dia. on %( 5.0%>: 0 . 5 6 8 v m  % o n  D i a . C  0.100urn): 0.09- 
Dia. On %( 25.0%) : 0.715brn % on Dia.< l.ooo;mj : 66.92 
Dia. o n  %( 50.0%) : 0.870vrn- .~ %on  Dia.< 10.000vm) : 99.9% 
Dia. O n  %< 75.0%) : 1.095vrn % on Dia.( lOO.OOovm) : 100.0% 
Dia. O n  %< 95.0%) : 1.830vm % on Dia.<1000.000~m) : 100.0% 

1019.5 0.00 100.00 
ago. 1 0.00 100.00 
777.1 0.00 1 0 0 . 0 0  ~ ~ -~ ~~ 

678.5 0.00 100.00 
592.4 0.00 100.00 
517.2 0.00 100.00 
451.6 0.00 100.00 
394.2 0.00 100.00 ~ ~ ~ .~ ~~ 

344.2 0.00 100.00 
300.5 0.00 100.00 
262.4 0.00 100.00 
229.1 0.00 100.00 
200.0 0.00 100.00 
174.6 0.00 100.00 
152.5 0.00 100.00 
133.1 0.00 100.00 
116.2 0.00 100.00 
101.5 0.00 1 0 0 ~ 0 0  
88.58 0.00 100.00 
77.34 
67.52 
58.95 
51.47 
aa.90 . . 
39.23 

0.00 100.00 
0.00 100.00 
0.00 100.00 
0.00 100.00 
0.00 100.00 
0.00 1 0 0 . 0 0  

34.25 0.00 100.00 
29.91 0.00 100.00 

26.11 

19.90 

15.17 
13.25 
11.56 
10.10 

7.697 
6.720 

5.122 
4.472 
3.905 
3.409 
2.976 
2.599 
2.269 
1.981 
1.729 
1.510 

1.151 
1.005 
0.877 
0.766 

22.80 

17.38 

8.816 

5.867 

1.318 

0.00 100.00 
0.00 100.00 
0.00 100.00 
0.01 99.99 ~ 

0.01 99.98 
0.02 99.97 
0 04 99.94 
0.05 99.91 
0.07 99.85 
0.09 99.78 
0.12 99.69 
0.15 99.57 
0.19 99.42 
0.24 99.23 
0.32 98.99 
0.41 98.67 

0.75 97.71 
1.04 96.97 
1.60 95.93 
2.77 94.33 
4.52 91.56 
7.66 87.04 

11.93 79.3% 
16.28 67.45 
18.22 51.17 

0.55 98.26 

0.669 10.82 
0.584 6.32 
0.510 0.00 
0.445 0.00 
0.389 0.00 
0.339 0.00 
0.296 0.00 
0.259 0.00 
0.226 0.00 
0.197 0.00 
0.172 0.00 
0.150 0100 
0.131 0.00 
0.115 0.00 
0.100 0.00 
0.087 0.00 
0.076 0.00 
0.067 0.00 
0.058 0.00 
0.051 0.00 
0.044 0.00 
0.039 0.00 
0.034 0.00 
0.029 0.00 
0.026 0.00 
0.022 0.00 

17.14 
6.32 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
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tor windows(rM) ver. 1 .ai oct/30/’200n2: 18 HORIBA LA-910 
Laser rcat tcr lng part icle s i re  distr ibution analyzer 

PARTICLE.SIZE MEASUREMENT DATA 
ID- . 19011004-195 13:44 source : Wads W Samples 
Filename i 11004195 Lot Numbe : 
Samp!s . SOlT001871 Test Numb . 
Material : A Y l O l  Instrument i 
Condition 

T%(He-Na> : 87.1 Dist.Form : Std. Sampi ing t imes : 100 

Agitation : 3 Circulation 6 uit rasonic 
(LAMP) : 85.3% R.R.lndex . 1.16-0.OOi : ON? 120) 

Format 

Data 
Dist.base : Number Scaling : Auto Axis : LogX.  LinearY 

MeUian : 0.793pm SP.Area : 1413Ocm’/cm’ S.D. : 0.594pm 

C.V. : 66.44% Span : (D 10.0-0 90.0) / D50 = 0.879 

Dia. on %( 5.0%) : 0.502um % o n  0ia.c 0.100um): 0.0% 

Mode : 0.810pm Men“ : 0.a94~m 

.. 
Dia. on +zc 25.0%j : 0.649;m 7- on Dia..< i.ooo&j : 77.1% 
Dia. on 7-c  50.0%> : 0.793pm % on Die.< 10.000pm> : 99.9% 
D i a ~  o n  9^r 75.0%’) : 0.980um % an Dia.r 100.000um> : 100.09- 

1019.5 
890.1 
777.1 
678.5 
592.4 
517.2 
451.6 
394.2 
344.2 
300.5 
262.4 
229.1 
200.0 
17a~6  ~. 
152.5 
133.1 
116.2 
101.5 
88.58 
77.34 
67.52 
58.95 
51.47 
44.94 
39.23 
34.25 
29.91 

0.00 100.00 
0.00 100.00 
0.00 100.00 
0.00 100.00 
0.00 100.00 
0.00 100.00 
0.00 100.00 
0.00 100.00 
0.00 100.00 
0.00 100.00 
0.00 100.00 
0.00 100.00 
0.00 100.00 
0.00 100.00 
0.00 100.00 
0.00 100.00 
0.00 100.00 
0.00 100.00 
0.00 100.00 
0.00 100.00 
0.00 100.00 
0.00 100.00 
0.00 100.00 
0.00 100.00 
0.00 100.00 
0.00 100.00 
0.00 100.00 

26.11 
22.80 
19-90 
17.38 
15.17 
13.25 
11.56 
10.10 
8.816 
7.697 
6.720 
5.867 
5.122 
4.472 
3.905 
3.409 
2.976 
2.599 
2.269 
1.981 
1.729 
1.510 
1.318 
1.151 
1 .oos 
0.877 
0.766 

13.47 27.93 
0.00 100.00 0.584 8.83 14.46 
0.00 100.00 0.510 5.63 5.63 
0.01 100.00 . 0.445 0.00 0.00 
0.01 99.99 0~389 0.00 0.00 

0.02 99.97 0.296 
0.03 99.95 0.259 
0.04 99.92 0.226 
0.05 99.88 0.197 
0.06 
0.08 
0.10 
0.13 
0.16 
0.21 
0.28 
0.39 
0.56 
0.91 
1.67 
2.92 

99.~33 
99.76 
99.69 
99.59 
99.46 
99.30 
99.09 
98.81 
98.41 
97.85 
96.95 
95.28 

~~ 

0.172 
0.150 
0.131 
0.115 
0.100 
0.087 
0.076 
0.067 
0 .058  
0 ~ 0 5 1  _ _  ~ - 
0.044 
0.039 

5.43 92.37 0.034 
9.35 86.94 0.029 

14.25 77.59 0.026 
17.90 63.34 0.022 
17-50 45.43 

~~~. ~ 

0.00 0.00 
0.00 0.00 
0.00 0.00 
0.00 0.00 
0.00 0.00 

0.00 0.00 
0.00 0.00 
0.00 0.00 
0.00 0~00 - ~. .- ~ 

0.00 0.00 
0.00 0.00 
0.00 0.00 
0.00 0.00 
0.00 0.00 
0.00 0.00 
0.00 0.00 
0.00 0.00 
0.00 0.00 
0.00 0.00 
0.00 0.00 
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HNF-9545, Rev. 0 

PARTICLE SIZE MEASUREMENT DATA 
I DP : 19011004.196 13:48 
Filename : 11004196 
Sample ' SOIT001671 
Material : A Y l O l  

Cond,t#on 
T%(Ha NO 87.2 Dest Form 

(LAMP3 85.532 R . R  I n d e x  
Agitation 1 C8rcuIation 

Format 

Data 
Dift.base : Number Scaling 

tor WindowrCTM) Ver. 1.31 Oct/30/'2001LZ:27 HORIBA LA-910 
L a s e r  scattering partislo she distribution analyzer 

Source : Wade W Samples 
Lot Numbe : 
Test Numb : 
Instrument : 

Std. Sampling times : 100 
1.16.O.OOi 
6 Uftrasonic : O N 1  120) 

Auto Axis : LOEX.  C i n e a r Y  

Median : 0.794vm SP.Araa : 14548cm*/cm* S.D. : 0.592pm 
Mode : 0 . 8 1 0 v m  Mean : 0.895pm 
C.V. : 66.16% Span : (D 10.O.D 90.0) / D50 = 0.877 

Dia. o n  %( 5.0%) : 0.503vm % on Dia.( 0.100pm) : 0.0% 
Dia. on  %( 25.0%) : 0.650vm % on Dia.c 1.000pm) : 77.1% 
Dia. o n  %( 50.0%) : 0.794vm % on Dia.c 1O.OOOpm) : 99.9% 
Dia. on ye< 75.0%) : 0.981pm % on Din.< 1 0 0 . 0 0 0 v m )  : 100.0% 
Dia. on %( 95.0%) : 1.489pm % o n  Dia.(lOOO.OOOvm> ; 100.0% 

0.02 0. I I .o 10.0 1W 1020 

1019.5 
890.1 
777.1 
678.5 
592.4 
517.2 
451.6 
394.2 
344.2 
300.5 
262.4 
229.1 
200.0 
174.6 
152.5 
133.1 
116.2 
101.5 
88.58 
77.34 
67.52 
58.95 
51.47 
44.94 
39.23 
34.25 ~~ 

29.91 

0.00 100.00 
0.00 100.00 
0.00 100.00 
0.00 100.00 
0.00 1 0 0  00 
0.00 100.00 
0.00 100.00 
0 00 100.00 
0.00 100.00 
0.00 1 0 0 . 0 0  
0.00 100.00 
0.00 100.00 
0.00 100.00 
0.00 100.00 
0.00 100.00 

0 00 100.00 
0.00 1 0 0 . 0 0  
0.00 100.00 
0.00 100 00 

~ ~- 
0.00 100.00 
0.00 100.00 
0.00 100.00 
0.00 100.00 
0.00 100.00 
0.00 1 0 0 . 0 0  

26-11 
22.80 
19.90 
17.38 
15.17 
13.25 
11.56 
10.10 
8.816 
7.697 
6.720 
5.867 
5.122 
4.472 
3.905 
3.409 
2.976 
2.599 
2.269 
1.981 
1.729 
1.510 
1.318 
1.151 
1.005 
0.877 
0.766 

0.00 100.00 
0.00 100.00 
0.00 100.00 
0.01 100.00 
0.01 99.99 
0.01 99.98 
0.02 99.97 
0.03 99.95 
0.04 99.92 
0.05 99.88 
0.07 99.82 
0.08 99.76 

0.669 13.45 
0.584 e.77 
0.510 5.56 
0.445 0.00 
0.389 0.00 
0~339 0~00 

~~~ ~ ~ ~~~ ~ 

0.296 0.00 
0.259 0.00 
0.226 0.00 
0.197 0.00 
0~ 172 0.00 . 
0.150 0.00 

0.10 99.68 0.131 0.00 
0.13 99.58 0.115 0.00 
0.16 99.46 0.100 0.00 

0.087 0.00 
0.28 99.08 
0.39 98.80 
0.56 98.41 
0.90 97.86 
1.66 96.96 
2.91 95.30 
5.43 92.39 
9.38 86.96 

14.30 77.58 
17.97 63.28 
17.53 45.31 

0.076 0.00 
0.067 0.00 
0.05% 0.00 
0.051 0.00 
0.044 0.00 

~~~ ~~~ ~ 

0.039 0.00 
0.034 0.00 
0.029 0.00 
0.026 0.00 
0.022 0.00 

27.78 
14.33 
5.56 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
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Condition 
TO/,(He-Ne) : 66.9 Dist.Form 

R. R. Index 
Agitation : 1 Circulation 

CLAMP) : 66.0% 

Format 

Data 
Dist.base : Number Scaling 

tor Windowr<TM) ver. 1.31 Oct/30/'20CmZ:27 HORIBA LA-910 
Laser scattering particle size distributlon analyzer 

PARTICLE.SlZE MEASUREMENT DATA 
ID# . 19011004-197 13:59 source : Wade W Samples 
Filename i 11004197 Lot Numbs : 
Sample . S01T001671 Test Numb : Dup 
Material : A Y l O l  Instrument : 

Std. Sampling t imes : 100 
1 . 1 6 . O . O O i  
6 U'itrasonic : OF& 120) 

Auto Axis : LogX - LinearY 

Median : 0 .893~m SP.Area : 13399cm*/cm* S.D. : 0.762~- 
Mods : 0 .825~-  Mean : 1.052pm 
C.V. : 72.43% Span : (D 10.0-D 90.0) / D50 = 0.973 

Dia. o n  Yo( 5.0%) : 0.577"- % o n  Dia.( 0 .100pm):  0.0% 
Dia. o n  %< 25.0%) : 0.731um % o n  Dia.( 1 . 0 0 0 ~ m )  : 63.6% 
Dia. on %< 50.0%) : 0 .693~-  % on Dia.( 10.000pm) : 99.9% 
Dia. o n  %( 75.0%) I 1.126pm % on Dia.( 100.000~m) : 100.0% 
Dia. on  %< 95.0%) : 1.910pm 7- on Dia.(lOOO.OOOpm) : 100.070 

. . . . . . . , . . , , . . . , , . , . , , , , , , , ....I ".O - __ 0." , . . . . , . . , 
0.02 0. I I .o 10.0 I O 0  1020 

SirsC.clm) 

1019.5 
890.1 
777.1 
678.5 
592.4 
517.2 
451.6 
394.2 
344.2 
300.5 
262.4 
229.1 
200.0 
174.6 
152.5 
133.1 
116.2 
101.5 
88.56 
77.34 
67.52 
58.95 
51.47 

39.23 
34.25 
29.91 

44.94 

0.00 100.00 
0.00 100.00 
0.00 100.00 
0.00 100.00 
0.00 100.00 
0.00 100.00 
0.00 100.00 
0.00 100.00 
0.00 100.00 
0.00 100.00 
0.00 100.00 
0.00 100.00 
0.00 100.00 
0.00 100.00 
0.00 100.00 
0.00 100.00 
0.00 100.00 
0.00 100.00 
0.00 100.00 
0.00 100.00 
0.00 100.00 
0.00 100.00 
0.00 100.00 
0.00 100.00 
0.00 100.00 
0.00 100.00 
0.00 100.00 

26.11 
22.60 
19.90 
17.36 
15.17 
13.25 
11.56 
10.10 
8.616 
7.697 
6.720 

5.122 
5.867 

4.472 
3.905 
3.409 
2.976 
2.599 
2.269 ~_ 
1.961 
1.729 
1.510 
1.316 
1.151 
1.005 
0.677 
0.766 

0.00 100.00 
0.00 100.00 
0.01 100.00 
0.01 99.99 
0.02 99.9s ~ 

0.03 99.96 
0.04 99.94 
0.05 99.90 
0.07 99.85 ~~ 

0.10 99.77 
0.12 99.66 
0.15 99.55 
0.20 99.40 
0.26 99.20 
0.34 98.95 
0.46 96.60 
0.61 96.15 
0.65 97.54 
1.19 96.69 
1.85 95.49 
3.16 93.65 
5.07 90.49 
6.37 65.42 

12.62 77.04 
16.57 64.42 
17.79 47.86 
14.82 30.07 

0.669 9.75 
0.564 5.49 
0.510 0.00 
0.445 0.00 
0.399 0~00 . ~~ ~ 

0.339 0.00 
0.296 0.00 
0.259 0.00 
0 ~ 2 2 6  0~00 - ~ 

0.197 0.00 
0.172 0.00 
0.150 0.00 
0.131 0.00 
0.115 0.00 
0.100 0.00 
0.087 0.00 
0.076 0.00 
0.067 0.00 
0.058 0.00 
0.05 1 0.00 
0.044 0.00 
0.039 0.00 
0.034 0.00 
0.029 0.00 
0.026 0.00 
0.022 0.00 

15.24 
5.49 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00' 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
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HNF-9545, Rev. 0 

for Windows(TM) Vor. 1.31 Oct/30/’200E:28 HORIBA LA-910 
Laser scattering particle size distribution analyzer 

PARTICLE.SIZE MEASUREMENT DATA 
IDP . 19011004-198 14:03 
Filename j 11004198 
Sample . SOlT001871 
Material : A Y l O l  

Condition 
T%cHe-Ns) : 88.8 DiSt.Form 

(LAMP) : 87.& R . R . l n d e x  
Agitation : 3 Circulation 

Format 

Data 
Dist.base : Number Scaling 

Median : 0.883um SP.Area : 

source : Wade W Sample- 
Lot Numbs : 
Test Numb : Dup 
Instrument : 

Std. Sampling times : 100 
1.16-0.001 ( 
6 Ultrasonic : OF& 120) 

Axis : LogX.  LinearY Auto 

8855cm‘/cm’ S.D. : 0.756pm 
Mode : 0.819;m Mean : 1.042vm 
C.V. : 72.59% Span : (D 10.0-D 90.0) / D50 = 0.898 

Dia. o n  %< 5.0%) : 0.617vm 7- on  Dia.( 0.100pm) : 0.0% 
Dia. on %( 25.0%) : 0.739pm 7- on Dia.( 1.000pm) : 65.8% 
Die. on %( 50.0%) ; 0 .883~-  7- on Dia.( 10.0OOvm) : 99.9% 
Dia. on %( 75.0%) : 1.103vm % on Dia.< 100.000pm) : 100.0% 
Din. on %( 95.0%) : 1.836pm % o n  D i a . ( l 0 0 0 . 0 0 0 p m ~  : 100.0% 

PlrriSiC ruc I pm 

1019.5 
890.1 
777.1 
678.5 
592.4 
517.2 
451.6 
394.2 
344.2 
300.5 
262.4 
229.1 
200.0 
174.6 
152.5 
133.1 
116.2 
101.5 
88.58 
77.34 
67.52 
58.95 
51.47 
44.94 
39.23 
34.25 
29.91 

0.00 100.00 
0.00 100.00 
0.00 100.00 
0.00 100.00 
0.00 100.00 
0.00 100.00 
0.00 100.00 
0.00 100.00 
0.00 100.00 
0.00 100.00 
0.00 100.00 
0.00 100.00 
0.00 100.00 
0.00 100.00 
0.00 1 0 0 . 0 0  
0.00 1 0 0 . 0 0  
0 00 1 0 0  00 ~~~~~~ 

0.00 100.00 
0.00 100.00 
0.00 100.00 
0.00 100.00 
0.00 100.00 ~~~~ ~ 

0.00 100.00 
0.00 100.00 
0 00 1 0 0 . 0 0  
0.00 100.00 
0.00 100.00 

26.11 
22.80 
19.90 
17.38 
15.17 
13.25 
11.56 
10.10 
8.816 
7.697 
6.720 
5.867 
5.122 
4.472 
3.905 
3.409 
2.976 
2.599 
2.269 
1.981 
1.729 
1.510 
1.318 
1.151 
1.005 
0.877 
0.766 

0.00 100.00 
0.00 100.00 
0.00 100.00 
0.01 100.00 
0.01 99.98 
0 ~ 0 2  99~97 
0.04 99.94 
0.05 99.91 
0.07 99.86 
0.09 99.79 
0.12 99.69 
0.15 99.57 
0.19 99.42 
0.25 99.23 
0.32 98.99 
0.42 98.67 
0.55 98.25 
0.75 97.70 
1.04 96.95 
1.62 95.91 

4.62 91.47 
2.82 94.29 

7.92 86.85 
12.49 78.93 
17.,28 66.44 
19.66 49.16 
17.38 29.50 

0.669 
0.584 
0.510 
0.445 
0.389 
0.339 
0.296 
0.259 
0.226 
0.197 
0.172 
0.150 
0.131 
0.115 
0.100 
0.087 
0.076 
0.067 
0.058 
0.051 
0.044 
0.039 
0.034 
0.029 
0.026 
0.022 

12.12 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

12.12 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00’ 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
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HNF-9545, Rev. 0 

tor Windows(TM) Ver. 1.31 Oct/30/'2001L2:29 HORIBA LA-910 
~ a t e r  scattering part icle size distribution analyzer 

PARTICLE,SIZE MEASUREMENT DATA 
ID* 19011004-199 14:09 sourct) : Wade W Samples 
Filename i 11004199 Lot Numbe : 
Samp!o . SOlT001871 Test Numb : DUP 
Material : A Y l O l  Instrument : 

Condition 
TYXHe-Ne) : 68.3 Dist-FoTm : Std. Sampl ing times : 100 

Agitation . 3 Circulation l6 Ultrasonic 
CLAMP); 86.7% R.R.lndex . 1.16-0.ooi c : ON? 1201 

Format 
Dist.base : Number Scaling : Auto Axis : LogX . LinearY 

Data 
Median : 0.788vm 5P.A 

Dia. o n % (  5.0%): 0.500&4m % o n  Die,.( 0 . 1 0 0 v m ) :  0.0% 
Dia. on %( 25.0%) : 0.645vm % o n  Die.( 1 .000vm)  : 77.8% 
Dia. o n  ye( 50.0%) : 0.768vm % o n  Dia.( 10.000vm) : 99.9% 
Dia. o n  yo< 75.0y0> : 0.973~- % o n  Dia.( 1 0 0 . 0 0 0 v m ~  : 100.0% 
Dia. on  yo< 95.0%) 1 1.470~- % on Dia.(1000.000vrn~ : 100.0% 

Sire(pm) 

1019.5 
890.1 
777.1 
676.5 
592.4 
517.2 
45 1.6 
394.2 
344.2 
300.5 
262.4 
229.1 
200.0 
174.6 
152.5 
133.1 
116.2 
101.5 
88.56 
77.34 
67.52 
56.95 
51.47 
44.94 
39.23 
34.25 
29.91 

0.00 100.00 
0.00 100.00 
0.00 100.00 
0.00 100.00 
0.00 100.00 
0.00 100.00 
0.00 100.00 
0.00 100.00 
0.00 100.00 
0.00 100.00 
0.00 100.00 
0.00 100.00 
0.00 100.00 
0.00 100.00 
0.00 100.00 
0.00 100.00 
0.00 100.00 
0.00 100.00 
0.00 100.00 
0.00 100.00 ~~ 

0.00 100.00 
0.00 100.00 
0.00 100.00 
0.00 100.00 
0.00 100.00 
0.00 100.00 ~~ 

0.00 100.00 

26.11 
22.80 
19.90 
17.38 
15.17 
13.25 
11.56 
10.10 
8.816 
7.697 
6.720 
5.867 
5.122 
4.472 
3.905 
3.409 
2.976 
2.599 
2.269 
1.961 
1.729 
1.510 
1.316 
1.151 
1.005 
0.877 
0.766 

0.00 100.00 
0.00 100.00 
0.00 100.00 
0.00 100.00 
0.01 99.99 ~~ 

o.oi 99.98 
0.02 99.97 
0.03 99.95 
0.04 99.92 
0.05 99.89 
0.06 99.84 
0.07 99.78 
0.09 99.71 
0.12 99.62 
0.15 99.50 
0.20 99.34 
0.26 99.15 
0.37 98.88 
0.53 98.51 
0.65 97.99 
1.58 97113 
2.79 95.55 
5.25 92.76 
9.16 67.51 
14.12 78.35 
17.94 64.23 
17.70 46.29 

0.584 9.05 
0.510 5.80 
0.44s o 00 -. - 
0.389 0.00 
0.339 0.00 
0.296 0.00 
0.259 0.00 
0.226 0.00 
0.197 0.00 
0.172 0.00 
0.150 0.00 
0.131 0.00 
0.115 0.00 
0.100 0.00 
0.087 0.00 
0.076 0.00 
0.067 0.00 
0.056 0.00 
0.051 0.00 
0.044 0.00 
0.039 0.00 
0.034 0.00 
0.029 0.00 
0.026 0.00 
0.022 0.00 

14.85 
5.80 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
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HNF-9545, Rev. 0 

for Windows<TM) Ver. 1.31 Oct/30/'200n2:29 HORIBA LA-910 
Lascr scattering particle size distribution analyzer 

PARTICLE SIZE MEASUREMENT DATA 
I DfC . 19011004-200 14:13 source : Wade W Samples 
Filemame i 11004200 Lot Numbe j 
Sample . SOlT001871 Test Numb . Dup 
Material : A Y l O l  Instrument : 

Condition 
T%<He.Ne) : 88.5 Dist. Form 

CLAMP): 86.9% R.R.lnd-x 
Agitation : 1 Circulation 

Format 
Dist.base : Number Scaling 

Std. Sampling times : 100 
1.16-0.OOi C : ON? 120) 
6 Ultrasonic 

Auto  AXIS : LOEX.  CinoarY 
~ - 

Data 
Median : 0.796Wrn SP.Area : 17507sm~/cm' S . D .  : 0.570pm 
Mods : 0.810pm Mean : 0.893~m 
C.V. : 63.79% Span : (D 10 .0 -D  90.0) / D50 = 0.865 

Dia. o n  %( 5.0%) : 0.506vm % o n  I 3 i a . C  0.100um> : 0.0% 
Dia. o n  %< 25.07-) : 0.654~- 9- o n  Dia.C 1.oooimj : 77.09- 
Dia. O n  %< 50.0%) : 0.796~rn Z, o n  Dia.( 10.000pm) : 99.97- 
Dia. on %< 75.0%) : 0 .981~m 7- on  Dia.< 100.000pm) : 100.0% 
Dia. o n  %< 95.0%) : 1 .479~-  % o n  Dla.<looO.oOOpm) : 1 0 0 . 0 ~ ~  

- 
1019.5 
890.1 
777.1 
678.5 
592.4 
517.2 
451.6 
394.2 
344.2 
300.5 
262.4 
229.1 
200.0 
174.6 
152.5 
133.1 
116.2 
101.5 
88.58 
77.34 
67.52 
58.95 
51.47 
44.94 
39.23 
34.25 
29.91 

0.00 100.00 
0.00 100.00 
0.00 100.00 
0.00 100.00 ~ 

0.00 100.00 
0.00 100.00 
0.00 100.00 
0.00 100.00 
0.00 100.00 

~~ ~~ 

0.00 100.00 
0.00 100.00 
0.00 100.00 
0.00 100.00 
0.00 100.00 
0.00 ;00.00 
0.00 100.00 
0.00 100.00 
0.00 100.00 
0.00 100.00 

~ ~~ 

0.00 100.00 
0.00 100.00 
0.00 100.00 
0.00 100.00 
0.00 100.00 
0.00 100.00 
0.00 100.00 
0.00 100.00 

26.1 1 
22.80 
19.90 
17.38 
15.17 
13.25 
11.56 
10.10 
8.816 
7.697 
6.720 

5.122 
4.472 
3.905 
3.409 
2.976 
2.599 
2.269 
1.981 
1.729 
1.510 
1.318 
1.151 
1.005 

0.766 

5.867 

0.877 

0.00 100.00 
0.00 100.00 
0.00 100.00 
0.00 100.00 
0.01 99.99 
0.01 99-98 
0.02 99.97 
0.03 99.95 
0.04 99.92 
0.05 99.89 
0.06 99.84 
0.07 99.78 
0.09 99.70 
0.12 99.61 
0.15 99.49 
0.20 99.34 
0.27 99.14 

0.54 98~49 
0.38 98.87 

~ ~- 
0.88 97.96 
1.64 97.08 
2.90 95.44 
5.46 92.53 
9.50 87.07 

14.54 77~57 
18.22 63.03 
17.64 44.81 

0.669 13.35 
0.584 8.54 
0.510 5.29 
0.445 0.00 
0.389 0.00 
0.339 0.00 
0.296 0.00 
0.259 0.00 
0.226 0.00 
0.197 0.00 ~~~~ ~~~. 
0.172 0.00 
0.150 0.00 
0.131 0.00 
0.115 0.00 
0.100 0.00 
0.087 0.00 
0.076 0.00 
0.067 0.00 
0.058 0.00 
0.051 0.00 
0.044 0.00 
0.039 0.00 
0.034 0.00 
0.029 0.00 
0.026 0.00 
0.022 0.00 

27.17 
13.82 
5.29 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
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HNF-9545, Rev. 0 

tor Windows(TM) Ver. 1.31 Oct/30/'200112;30 HORIBA LA-910 
Laser scattering particle size distribution analyzer 

PARTICLE.SIZE MEASUREMENT DATA 
I DP 19011004-201 14:27 source : Wade W Samples 
Filename j 11004201 Lot Numbe : 
sample . soir001674 Test Numb : 
Material : A Y l O l  Instrument : 

Condition 
T%(He-Nc) : 86.4 Dist.Form : Std. Sampling times : 100 

R.R.lndcx - 1.16-0.OOi C 
Asitation : 1 Circulation I6  UltraSDnic : = F & C  120) 

(LAMP) : 65.9% 

Format 
Dist.base : Number ScalinB : Auto Ax is  : LoxX - LinearY - - 

Data 
Median : 0.647pm SP.Area : 23628cmz/cm' S.D. : 0.527pm 
Mode : 0.821vm Mean ; 0.944pm 
C.V. : 55.77% Span I (D 10.0-D 90.0) / D50 = 0,853 

Dia. on To( 5.0%) : 0.531pm 7- on Dia.( 0.lOOpm) : 0.0% 
Dia. on $&( 25.0y6) : 0.696pm 7- on Dia.( 1 . 0 0 0 ~ m )  : 70.7% 
Dia. on %( 50.0%) : 0 .647~-  '%on Dia.( 10.000pm) : 100.0% 
Dia. on ye( 75.0%) : 1.049pm 7- on Dia.< 100.000pm) : 100.0% 
Dia. on 7 - C  95.0y0) : 1.58311- %on  Dia.<lOOO.OOOPm) : 100.0% 

Sirs(pm) 

1019.5 
690.1 
777.1 
676.5 
592.4 
517.2 
451.6 
394.2 
344.2 
300.5 
262.4 
229.1 
200.0 
170.6 

133.1 
116.2 
101.5 
66.56 
77.34 
67.52 
58.95 
51.47 
44.94 
39.23 
34.25 
29.91 

0.00 100.00 
0.00 100.00 
0.00 100.00 
0.00 100.00 
0.00 100.00 
0.00 100.00 
0.00 100.00 
0.00 100.00 
0.00 100.00 ~ ~~ ~~~ 

0.00 100.00 
0.00 100.00 
0.00 100.00 
0.00 100.00 
0.00 100~00 ~~~~ 

0.00 100.00 
0.00 100.00 
0.00 100.00 
0.00 100.00 
0.00 100.00 
0.00 100.00 
0.00 100.00 
0.00 100.00 
0.00 100.00 
0.00 100.00 
0.00 100.00 
0.00 100.00 
0.00 100.00 

26.1 1 
22.80 
19.90 
17.38 
15-17 
13.25 
11.56 
10.10 
6.616 
7.697 
6.720 
5.667 
5.122 
4.472 
3.905 
3.409 
2.976 
2.599 
2.269 
1.98'1 
1.729 
1.510 
1.316 
1.151 
1.005 
0.677 
0.766 

0 00 1 0 0  00 
0 00 100.00 
0 00 1 0 0  00 - . - - - - . . - - 
0.00 100.00 
0.01 100.00 
0.01 99.99 
0.01 99.98 
0.02 99.97 
0.03 99.94 
0.04 99.92 

0.669 10.75 19.90 
0.564 5.97 9.15 
0.510 3.17 3.17 
0.445 0.00 0.00 
0.369 0.00 
0.339 0.00 
0.296 0.00 
0.259 0.00 
0.226 0.00 
0.197 0.00 

0.05 99.66 0.172 0.00 
0.06 99.63 0.150 0.00 
0.08 99.76 0.131 0.00 
0.11 99.66 0.115 0.00 
0.16 99.57 
0.22 99.41 
0.32 99.19 
0 ~ 4 7  99.97 ~ ~ 

0.72 98-40 
1.21 97.66 
2.26 96.47 
3.96 94.21 
7.17 90.22 

11.74 63.05 
16.53 71.31 
18.73 54.78 
16.15 36.05 

0.100 0.00 
0.067 0.00 
0.076 0.00 
0.067 0.00 
0.058 0.00 
0.051 0.00 
0.044 0.00 
0.039 0.00 
0.034 0.00 
0.029 0.00 
0.026 0.00 
0.022 0.00 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
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HNF-9545, Rev. 0 

tor Windows<TM) Ver. 1.31 Oct/30/'200112:30 HORIBA LA-91.0, . 
L a s e r  scattering particle slze distribution analyzer 

~ 

PARTICLE SIZE MEASUREMENT DATA 
I DY : 1901 1004.202 14:32 
Filename : 11004202 
Sample : SO17001874 
Meterial : A Y l O l  

Condition 
T7-(He.NeZ j 88.5 Dist.Form 

R .  R.lndex 
Circulation Agitation . 3 

(LAMP : 86.1% 

source : Wade W Samples 
Lot Numbe 1 
Test Numb : 
Instrument : 

Std. Sampling times : 100 
1.16-0.OOi C 
6 Ultrasonic : OF&( 120) 

Auto Ax is  : LogX - LinearY 
Format 

Data 
Dist.bas.3 : Number Scaling 

Median : 0.835um SP.Area : 14253cm*/cm' S.D. : 0.520pm 
Mode : 0.816;m Mean : 0.931pm 
C.V. : 55.837- Span : (0 10.0-0 90.0) / 050 = 0.812 

Die. o n  yo( 5.0%) : 0.560pm 7- on Dia.( 0.100pm) : 0.0% 
Dia. on %( 25.0%) : 0.697pm 7- on Die.( 1.00Opm) : 73.1% 
Dia. on %( 50.0%) : 0.835pm % on Dia.( 10.000pm) : 100.0% 
Dia. on ye( 75.0%) : 1.021pm 7- on 0ia.C 100.000pm) : 100.0% 
Dia. ~n yo( 95.OL7,) : 1.515pm 7- on Dia.(1000.000pm) : 100.0% 

Size(pm) Sizetpm) Freq(%)UndC%> 

1019.5 
890.1 
777.1 
678.5 
592.4 
517.2 ~~ ~ 

451.6 
394.2 
344.2 
300.5 
262.4 
229.1 
200.0 
174.6 
152.5 
133.1 
116.2 
101.5 
88.58 
77.34 
67.52 
58.95 ~~ ~ 

51.47 
44.94 
39.23 

29.91 
34.25 

0.00 100.00 
0.00 100.00 
0.00 100.00 
0.00 100.00 
0.00 100.00 
0.00 100.00 
0.00 100.00 
0.00 100.00 
0.00 100.00 
0.00 100.00 
0.00 100.00 
0.00 100.00 
0.00 100.00 
0.00 100.00 
0.00 100.00 
0.00 100.00 
0.00 100.00 
0.00 100.00 
0.00 100.00 
0.00 100.00 
0.00 100.00 
0.00 100.00 
0.00 100.00 

26.11 
22.80 
19.90 
17.38 
15.17 
13.25 
11.56 
10.10 
8.816 
7.697 
6.720 
5.867 
5.122 
4.472 
3.905 
3.409 
2.976 
2.599 
2.269 
1.981 
1.729 
1.510 
1.318 
1.151 
1.005 
0.877 
0.766 

0.00 100.00 
0.00 100.00 
0.00 100.00 
0.00 100.00 
0.01 100.00 
0.01 99.99 
0.01 99.98 
0.02 99.97 
0.03 99.95 
0.04 99.92 
0.05 99.88 
0.06 99.83 
0.08 99.77 
0.11 99.70 
0.14 99.59 
0.20 99.44 
0.28 99.25 
0.41 98.97 
0.61 98.56 
1.03 97.95 ~~~~ ~ ~ ~ 

1.96 96.92 
3.52 94.95 
6.57 91.43 

11.21 84.86 
16.54 73.64 
19.68 57.10 ~~ ~ 

17.81 37.42 

0.669 12.41 
0.584 7.21 
0.510 0.00 
0 ~ 4 4 5  0.00 ~~~ ~ - .  ~ ~- 
0.389 0.00 
0.339 0.00 
0.296 0.00 
0.259 0.00 
0.226 0.00 
0.197 0.00 
0.172 0.00 
0.150 0.00 
0.131 0.00 
0.115 0.00 
0.100 0.00 
0.087 0.00 
0.076 0.00 
0.067 0.00 
0.058 0.00 
0.051 0.00 
0.044 0.00 
0.039 0.00 
0.034 0.00 
0.029 0.00 
0.026 0.00 
0.022 0.00 

19.62 
7.21 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00' 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
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HNF-9545. Rev. 0 

tor Windows(TM) V e r .  1.31 Oct/30/'200ll2:46 HORIBA LA-910 
Laser scattering particle size distribution analyzer 

PARTICLE,SIZE MEASUREMENT DATA 
I DP . 19011004-203 14~37 Source : Wade W Samples 
Filename : 11004203 Lot Numbe j 
ssmp!e : so 1 roo i 874 Test Numb 
Material : A Y l O l  Instrument I 
Condition 

T%CHc-No) : 88.7 Dist.Form : Std. Sampling times : 100 

Agitation . R.R.lndex . 1.16-0.OOi C 
Circulation I 6  Ultrasonic : ON? 120) 

CLAMP) i 26-02 
Format 

Data 
Dist.base : Number Scaling : Auto Axis : LogX . LincarY 

Median : 6.786vm SP.Arsa : 14782cm'/cm' S.D. : 0.465vm 
Mode : 0 . 8 0 9 v m  Mean : 0.861pm 
C.V. : 54.03% Span : (D 10.0-D 90.0) / D50 = 0.807 

Dia. on %( 5.0%) : 0.506vm 7- o n  Die..( 0.100vm) : 0.0% 
Dia.  o n  %( 25 0%) : 0 . 6 5 0 v m  7- o n  Dia.( 1.000vm) : 79.3% 
Dia.  on yo< 50.0qr,) : 0 . 7 8 6 v m  % o n  D8a.C 10.000pm) : 100.0% 
Dla. on 7% 75.0%): 0.961um 7- on D 8 a . c  100.000um> : 100.09- ._ 
Dia. on %( SS.O;?,j : 1.389;m % o n  Dia.<lOOO.OOO;mj : lOO.O;?, 

592.4 0.00 100.00 15.17 0.00 100.00 0.389 0.00 0.00 
517.2 0.00 100.00 13.25 0.01 100.00 0.339 0.00 0.00 
451.6 0.00 100.00 11.56 0.01 99.99 0.296 0.00 0.00 
394.2 0.00 100.00 10.10 0.02 99.98 0.259 0~00 0~00 ~~ ~~ ~~~~ ~~~~~~ ~ ~~~ ~ ~~~~ ~~~~~ 

344.2 0.00 1oo.00 8.816 0.02 99.96 0.226 0.00 0.00' 
300.5 0.00 100.00 7.697 0.03 99.94 0.197 0.00 0.00 
262.4 0.00 100.00 6.720 0.04 99.91 0.172 0.00 0.00 
229.1 0.00 100.00 5.867 0.04 99.88 0.150 0.00 0.00 
200.0 0.00 100.00 5.122 0.06 99.83 0.131 0.00 0.00 
174.6 0.00 100.00 4.472 0.07 99-78 0.115 0.00 0.00 
152.5 0.00 100.00 3.905 0.10 99.70 0.100 0.00 0.00 
133.1 0.00 100.00 3.409 0.13 99.60 0.087 0.00 0.00 
116.2 0.00 100.00 2.976 0.18 99.47 0.076 0.00 0.00 
101.5 0.00 100.00 2 ~ 599 0.27 99.29 0~067 0~00 0~00 ~ ~ ~~~ 

88.58 0.00 100.00 2.269 0.40 99.02 0.058 0.00 0.00 
77.34 0.00 100.00 1.981 0.69 98.61 0.051 0.00 0.00 
67.52 0.00 100.00 1.729 1.36 97.92 0.044 0.00 0.00 
58.95 0.00 100.00 1.510 2.54 96.57 0.039 0.00 0.00 
51.47 0.00 1oo.00 1.318 5.04 94.02 0.034 0.00 0.00 
44.94 0.00 100.00 1.151 9.19 88.98 0.029 0~00 0.00 ~~ ~ ~ ~~ ~~~~~ ~~~~~ 

39.23 0.00 100.00 1.005 14.61 79.79 0,026 0.00 0.00 
34.25 0.00 ioo.oo 0.877 18.80 65.18 0.022 0.00 0.00 
29.91 0.00 100.00 0.766 18.43 46.38 



HNF-9545. Rev. 0 

for WindowsCTM) Ver. 1.31 Oct/30/'20(m2:46 HORIBA LA-910 
Laser scattering Darticle size distribution analyzer - .  

PARTICLE,SIZE MEASUREMENT DATA 
I DP 19011004-204 14~41  
Filename 11004204 
Sample . SOlT001874 
Material : A Y l O l  

Condition 
T%(He-Ne<; 66.8 Dist.Form 

Agitation . 1 
R.R.index 
Circulation 

(LPMP ~ 86.2% 

Format 

Data 
DiSt.baS-3 : Number Scaling 

: Wade w Samples Source 
Lot Numbe : 
Test Numb : 
Instrument : 

Std. Sampling times : 100 
1.16-0.OOi 
6 uftrasonlc : ON? 120) 

Auto Axis : LogX - LinearY 

Median : 0.788pm SP.Area : 15172cmz/cm* S.D. : 0.463pm 
Mode : 0.809pm M e a n  : 0.863pm 
C.V. : 53.66% Span : (D 10.0-D 90.0) / D50 = 0.805 

Dia. on %( 5.0%) : 0.506pm % o n  Dia.< 0 . l O O p m ) :  0.0% 
Dia. on yo( 25.0%-) : 0.652pm 7- on Dia.( 1.000pm) : 79.1% 
Dia. on '%( 50.0%) : 0.768pm '% on Dia.( 10.0OOlJm) : 100.0% 
Dia. on vo( 75.0%) : 0.963pm 7% On Dia.( 100.000pm) : 100.0% 
Dia. on yo( 95.0%) : 1.391pm % o n  Dia.~1000.OOOpm) : 100.0% 

1019.5 
890.1 
777.1 
676.5 
592.4 
517.2 
451.6 
394.2 
344.2 
300.5 
262.4 
229.1 
200.0 
174.6 
152.5 
133.1 
116.2 
101.5 
88.58 
77.34 
67.52 
58.95 
5 1.47 
44.94 
39.23 
34.25 
29.91 

0.00 100.00 
0.00 100.00 
0.00 100.00 
0~00 1 0 0 ~ 0 0  . . . - - - - . . - 
0.00 100.00 
0.00 100.00 
0.00 100.00 
0.00 100.00 
0.00 100.00 
0.00 100.00 
0.00 100.00 
0.00 100.00 
0.00 100.00 
0.00 100.00 
0.00 100.00 
0.00 100.00 
0.00 100.00 
0.00 100.00 
0.00 100.00 
0.00 100.00 ~ 

0.00 100.00 
0.00 100.00 
0.00 100.00 
0.00 100.00 
0.00 100.00 
0.00 100.00 
0.00 100.00 

26.11 
22.80 
19-90 
17.36 
15.17 
13.25 
11.56 
10.10 

7.697 
6.720 
5.667 
5.122 
4.472 
3.905 
3.409 
2.976 
2.599 
2.269 
1.961 
1.729 
1.510 
1.316 
1.151 
1.005 
0.877 
0.766 

8.816 

0.00 100.00 
0.00 100.00 
0.00 100.00 
0.00 100.00 
0.00 100.00 
0.01 100.00 

Sire<clm> FreqC%>Und<%> 

0.669 13.62 27.56 
0.584 8.61 
0.510 5.13 
0.445 0.00 
0.369 0.00 

0.296 0.00 0.01 99.99 
0.02 99.96 0.259 0.00 
0.02 99.96 0.226 0.00 
0.03 99.94 0,197 0.00 
0.04 99.91 0.172 0.00 
0.05 99.67 
0.06 99.83 
0.06 99.77 
0.10 99.70 
0.13 99.60 
0.16 99.46 
0.27 99.26 
0.40 99.01 
0.69 96.60 
1.37 97.91 
2.56 96.55 

~ 

0.150 0.00 
0.131 0.00 
0.115 0.00 
0.100 0.00 
0.067 0.00 ~~ 

0.076 0.00 
0.067 0.00 
0.058 0.00 
0.051 0.00 ~~~~~ ~~~ ~ 

0.044 0.00 
0.039 0.00 

5.08 93.96 0.034 0.00 
9.27 66.90 0.029 0.00 

14.73 79.63 0.026 0.00 
18.90 64.90 0.022 0.00 
18.44 46.00 

13.74 
5.13 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
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HNF-9545, Rev. 0 

T o r  WindowsCTM) Ver. 1.31 Oct/30/'20on2:47 HORIBA LA-910 
Laser scattering particle size distribution analyzer 

PARTICLE SIZE MEASUREMENT DATA 
ID# ' 1901 1004-205 14:59 
Filename 11004205 
Sample : SOlT001874 
Material : A Y l O l  

Condition 
T%<Hs-Ne) : 89.1 Dist.Form 

(LAMP): 87.02 R.R.lndex 
Agitation : 1 Circulation 

Format 
Dist.base : Number Scaling 

S0"rCe : Wade W Samples 
Lot Numbe . 
Tort Numb f Dup 
Instrument : 

Std. Sampling times : 100 
1.16-0.00; 
6 Uttrasonic : OF$( 120) 

- Auto Axis  : LoeX - LinearY 
Data 

Median : 0 . 8 5 0 ~ m  SP.Araa : 24085cma/cm. S.D. : 0 .529~m 

C.V. : 55.74% Span : (D 10.0-D 90.0) / D50 = 0.854 
Mode : 0 .821~-  Mean : 0.949pm 

Dia. o n  %< 5.0%) : 0.533pm Ye on Dip.( 0.100pm) : O.Oyo 
Dia. o n  %< 25.0%) : 0.700vm % o n  Dia.( 1.000erm) : 70.3% 
Dia. o n  %< 50.0%) : 0.850pm % on Dia.( 10.000pm) : 100.0% 
Dia. o n  %( 75.0%) : 1.053pm %on Dia.( 100.000pm) : 100.O%o 
Dia. on %< 95.0%) : 1.595~- % o n  Dia.<1000.000~m)~ 100.0% 

1019.5 0.00 100.00 
890.1 0.00 100.00 
777.1 0.00 100.00 
678.5 0.00 100.00 
592.4 0.00 100.00 
517.2 0.00 100.00 
451.6 0.00 100.00 
394.2 0.00 100.00 
344.2 0.00 100.00 
300.5 0.00 100.00 
262.4 0.00 100.00 
229.1 0.00 100.00 
200.0 0.00 100.00 
174.6 0.00 100~00 ~ ~~ ~~~ ~~ 

152.5 0.00 100.00 
133.1 0.00 100.00 
116.2 0.00 100.00 
101.5 0.00 100.00 
88.58 0.00 100.00 
77.34 0.00 100.00 
67.52 0.00 100.00 
58.95 0.00 100.00 
51.47 0.00 100.00 
44.94 0.00 lO0~00 ~~~~ 

39.23 0.00 100.00 
34.25 0.00 100.00 
29.91 0.00 100.00 

26.11 
22.80 
19.90 
17.38 
15.17 
13.25 
11.56 
10.10 
8.816 
7.697 
6.720 
5.867 
5.122 
4.472 
3.905 
3.409 
2.976 
2.599 
2.269 
1.981 
1.729 
1.510 
1.318 
1.151 
1.005 
0.877 
0.766 

0.00 100.00 
0.00 100.00 
0.00 100.00 
0 00 1 0 0  00 ~~~~ 

0.00 100.00 
0.01 100.00 
0.01 99.98 
0.02 99.97 
0.03 99.94 
0.04 99.91 
0.05 99.87 
0.07 99.82 
0.09 99.75 
0.12 99.67 
0.16 99.55 
0.23 99.38 
0.33 99.16 
0.49 98.83 
0.73 98.34 
1.24 97.61 
2.31 96.37 
4.05 94.07 
7.27 90.01 

11.85 82.74 
16.59 70.90 
18.70 54.30 
16.03 35.60 

0.669 10.61 
0.584 5.86 
0.510 3.10 
0.445 0.00 
0.389 0.00 ~ ~~ 

0.339 0.00 
0.296 0.00 
0.259 0.00 
0.226 0.00 
0.197 0.00 
0.172 0.00 ~ ~ ~~ 

0.150 0.00 
0.131 0.00 
0.115 0.00 
0.100 0.00 
0.087 0.00 
0.076 0.00 
0.067 0.00 
0.058 0.00 
0.051 0.00 ~~ ~ ~ ~~ 

0.044 0.00 
0.039 0.00 
0.034 0.00 
0.029 0.00 
0.026 0.00 
0.022 0.00 

19.57 
8.96 
3.10 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
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HNF-9545. Rev. 0 

tor Wlndows(TM) Ver. 1.31 Oct/30/'200112:47 
HORIBA LA-910 
~ a s e r  scattering particle size distribution analyzer 

PARTICLE.SIZE MEASUREMENT DATA 
Lot Numbe : I D+f 

Filename i 11004206 
Sample . SOlT001874 Test Numb : Dup 
Material : A Y l O l  Instrument : 

19011004-206 15:04 Source : Wade W Samples 

Condition 
T%(He-Ne\ 89.2 Dist.Form j Std. Sampling times : 100 

Agitation : 3 
R.R.lnd-x 1.16-0.001 C 
Circulation 16 ultrasonic (LAMP . 87.3% 

Format 
Dist.base : Number Scaling : Auto Axis : L0gX.  LinearY 

Data 
: 0.510pm Median : O..836pm SP.Area : 24352cm*/sm' S.D. 

Mode : 0.819pm Mean : 0.927pm 
C.V. : 54.967- Span : (D 10 .0 -D  90.0) / D 5 0  = 0.838 

Dia. o n  %( 5.0%) : 0.528wm 7- o n  D1a.C 0.100Pm) : 0.0% 
~ i a .  on %( 25.0%%) : 0 .691~-  %on Dia.( 1 . 0 0 0 v m )  : 72.5% 
Dia. on ye( 50.0%) : 0.836vm 7- on Dis.< 10.000pm) : 100.0% 
Dia. on %( 75.0%) : 1.02E~m 7- o n  Din.( 100 .000vm> : 100.0% 
Dia. on  %( 95.07-) : 1.527~- 7- o n  D i a . ( 1 0 0 0 . 0 0 0 ~ m ~  : 100.0% 

Size(vm) 

1019.5 
890.1 
777.1 
678.5 
592.4 
517.2 
451.6 
394.2 
344.2 
300.5 
262.4 
229.1 
200.0 
174.6 
152.5 
133.1 
116.2 
101.5 
88.58 
77~34 
67.52 
58.95 
51.47 
44.94 
39.23 
34.25 
29.91 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

100.00 
100.00 
100.00 
100.00 
100.00 
100.00 
100.00 
100.00 
100.00 
100.00 
100.00 
100.00 
100.00 
100.00 
100.00 
100.00 ~ 

100.00 
100.00 
100.00 
100.00 ~~~ ~~ 

100.00 
100.00 
100.00 
100.00 
100.00 
100.00 ~~ 

100.00 

26.11 
22.80 
19.90 
17.38 
15.17 
13.25 
11.56 
10.10 
8.816 
7.697 
6.720 
5.867 
5.122 
4.472 
3.905 
3.409 
2.976 
2.599 
2.269 
1.981 
1.729 
1.510 
1.318 
1.151 
1.005 
0.877 
0.766 

Pulisle size I pm 

Freq<%>Und(%) SizeCvm) 

0.00 100.00 0.669 11.28 20.95 
0.00 100.00 0.584 6.31 9.67 
0.00 100.00 0.510 3.36 3.36 
0.00 100.00 . 0.445 0.00 0.00 
0.00 100.00 0.389 0.00 0.00 
0.01 100.00 0.339 0.00 0.00 
0.01 99.98 0.296 0.00 0.00 
0.02 99.97 0.259 0.00 0.00 
0.03 99.95 0.226 0.00 0.00 
0.04 99.92 0.197 ~ ~~ _ _  
0.05 99.88 0.172 
0.06 99.83 0.150 
0.08 99.77 0.131 
0.10 99.70 0.115 
0.14 99.59 0.100 
0.20 99.45 0.087 
0.28 99.25 0.076 
0.42 98.98 0.067 
0.63 98.56 0.058 
1.07 97.93 0.051 
2.03 96.87 0.044 
3.65 94.84 0.039 
6.74 91.19 0.034 

11.33 84.45 0.029 
16.40 73.12 0.026 
19.04 56.72 0.022 
16.73 37.68 

2.03 96.87 0.044 
3.65 94.84 0.039 
6.74 91.19 0.034 

11.33 84.45 0.029 
16~00 73.12 0.026 ~ ~~ _ _  ~ 

19.04 56.72 0.022 
16.73 37.68 

0.00 0.00 
0.00 0.00 
0.00 0.00 
0.00 0.00 
0.00 0.00 
0.00 0.00 
0.00 0.00 
0.00 0.00 
0.00 0.00 
0.00 0.00 
0.00 0.00 
0.00 0.00 
0.00 0.00 
0.00 0.00 
0.00 0.00 
0.00 0.00 
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HNF-9545, Rev. 0 

for Windows(TM) Ver. 1.31 Oct/30/'200112:48 HORI6A LA-910 
Laser scattering particle size distribution analyzer 

PARTICLE.SIZE MEASUREMENT DATA 
ID# 190 11004-207 15: 1 1 source : Wade W Samples 
Filename 11004207 Lot N u m b s  i 
sample . so i roois74  Test Numb . Dup 
Material : A Y 1 0 1  Instrument : 

Condition 
TYXHe-Ne3 i 89.4 Dist.Form : Std. Sampling times : 100 

Agitation : 3 Circulation f 6 Ultrasonic 
R.R.lndex . 1.16-0.001 < 

: ON? 120) 
(LAMP . 87.2% 

Format 

Data 
Dist.base : Number Scaling : Auto AXIS : LogX - LinearY 

Median : 0..79Zpm SP.Area : 17060cm'/cm' S.D. : 0.463~- 
Mode : 0 . 8 1 0 P m  Mean : 0.868um 
C.V. : 53.31% Span : (D 10.0.D 90.0) / D50 = 0.809 

Dia. on %< 5.0%) : 0.510um %on Die.< O . l O O u m >  : 0.0% .~ 
D I P .  on +Oi 25.o%j : 0.656bm % o n  D8a.c l .ooobmj  : 78.6% 
0 8 0 .  on %< 50.0%) : 0.792pm 7- on D8a.C 1 0 . 0 0 0 w m )  : 100.0% 
Din. on %( 75.0%) : 0.968pm 7% on Oia.( 1 0 0 . 0 0 0 ~ m )  : 100.0% 
D,a on %( 95 0%) : 1.401~m 7% on Dda. (1000.000~,m)  : 1 0 0 . 0 %  

Si zsCp m ) 

1019.5 
890.1 
777.1 
678.5 
592.4 
517.2 
451.6 
394.2 
344.2 
300.5 
262.4 
229.1 
200.0 
174.6 
152.5 
133.1 
116.2 
101.5 
88.58 
77.34 
67.52 
58.95 
51.47 
44.94 
39.23 
34.25 
29.91 

0.00 1 0 0 . 0 0  
0.00 1 0 0 . 0 0  
0.00 1 0 0  00 
0.00 1 0 0  00 
0.00 100.00 
0.00 100.00 
0.00 100.00 
0 00 100 00 
0.00 1 0 0 . 0 0  
0.00 100.00 
0.00 100.00 
0.00 100.00 
0.00 100.00 
0.00 100.00 
0.00 100.00 
0.00 1 0 0 . 0 0  
0.00 100.00 
0.00 1 0 0 . 0 0  
0.00 100.00 
0.00 100.00 
0.00 100.00 
0.00 100.00 
0.00 100.00 
0.00 100.00 
0.00 100.00 
0.00 100.00 
0.00 100.00 

26-11 
22.80 
19.90 
17.38 
15.17 
13.25 
11.56 
10.10 
8.816 
7.697 
6.720 
5.867 
5.122 
4.472 
3.905 
3.409 
2.976 
2.599 
2.269 
1.981 
1.729 
1.510 
1.318 
1.151 
1.005 
0.877 
0.766 

0.00 100.00 
0.00 100.00 
0.00 100.00 
0.00 100.00 
0.00 100.00 
0.01 100.00 
0.01 99.99 
0 ~ 0 2  99~98 
0.02 99.96 
0.03 99.94 
0.04 99.91 
0.05 99.87 
0.06 99.83 
0.07 99.77 
0.10 99.70 
0.13 99.60 
0.19 99.46 
0.28 99.28 
0.41 99.00 
0.72 98.58 
1.41 97.87 
2.64 96.46 
5.22 93.82 
9.46 88.60 

14.91 79.13 
18.95 64.23 
18.31 45.27 

0.669 13.60 26.96 
0.584 8.40 13.36 
0.510 4.95 4 ~ 9 5  
0.445 0.00 0.00 
0.389 0.00 
0.339 0.00 
0.296 0.00 
0.259 0.00 
0.226 0.00 
0.197 0.00 
0.172 0.00 
0.150 0.00 
0.131 0.00 
0.115 0.00 
0.100 0.00 
0.087 0.00 
0.076 0.00 
0.067 0.00 
0.058 0.00 

0.197 0.00 
0.172 0.00 
0.150 0.00 
0.131 0.00 
0.115 0.00 
0.100 0.00 
0.087 0.00 
0.076 0.00 
0.067 0.00 
0.058 0.00 
0.051 0.00 
0.044 0.00 
0.039 0.00 
0.034 0.00 
0.029 0.00 
0.026 0.00 
0.022 0.00 

0.00 
0.00 
0.00 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

0.00 , 

B-48 



HNF-9545, Rev. 0 

for WindowsCTM) ver. 1 .SI oct/30/’zooa~:aa HORIBA LA-910 
LPSOT scattoring particle size distribution e n a l y z ~ r  

PARTICLE.SiZE MEASUREMENT DATA 
ID# 19011004-208 15:14 SOUrC.3 : Wade W Samples 
Filename i 11004208 Lot Numbe : 
sampIe . so i roo i874  Test Numb : Dup 
Material : A Y l O l  instrument : 

Condition 
TYXHe-Ne3 j 89.5 Dist.Form : Std. Sampling times : 100 

Agitation . 1 Circulation 16 Ultrasonic : ON? 120) 
CLAMP : 87.2% R.R.lndex . 1.16-0.OOi < 

Format 
Dist.base : Number Scaling : Auto A x i s  : L o g X .  LinearY 

Data 
Median : 0.790vm SP.Arca : 16189cm’/cm‘ S.D. : 0.462pm 
Mods : 0 . 8 0 9 v m  Mean : 0.865vm 
C.V. : 53.41% Span : (D 10.0-D 90.0) / D50 = 0.806 

Dia. o n  %< 5.0%) : 0.509vm % o n  Dia.< 0 . 1 0 0 v m )  : 0.0% 
Dia. on %( 25.0%) : 0.653vm % o n  Dia.C l.OOOvrn) : 79.0% 
Dia. o n  %< 50.0%) : 0.790vm % o n  Dia.< 10.000urn) : 100.0% 
Din. on  %( 75.0%) : 0.964”- % o n  Dia.< 100.000um> : 100.09- 

1019.5 0.00 100.00 
890.1 0.00 100.00 
777.1 0.00 100.00 
678.5 0.00 100.00 
592.4 0.00 100.00 
517.2 0.00 100.00 
451.6 0.00 100.00 
394.2 0.00 100.00 
344.2 0.00 100.00 
300.5 0.00 100.00 
262.4 0.00 100.00 -~ ~~~~ ~ 

229.1 0.00 100.00 
200.0 0.00 100.00 
174.6 0.00 100.00 
152.5 0.00 100.00 
133.1 0.00 100.00 
116.2 0.00 100.00 
101.5 0.00 100.00 
88.58 0.00 100.00 
77.34 0.00 100.00 
67.52 0.00 100.00 
56.95 0.00 100.00 
51.47 0.00 100.00 ~ ~~ 

44.94 0.00 100.00 
39.23 0.00 100.00 
34.25 0.00 100.00 
29.91 0.00 100.00 

26-11 
22.80 
19.90 
17.38 
15.17 
13.25 
11.56 
10.10 

7.697 
6.720 
5.867 
5.122 
4.472 
3.905 
3.409 
2.976 
2.599 
2.269 
1.961 
1.729 
1.510 
1.318 
1.151 
1.005 
0.877 
0.766 

8.816 

~~~~ 

0.00 100.00 
0.00 100.00 
0.01 100.00 
0.01 99.99 
0.02 99.98 ~~~~ 

0.02 99.96 
0.03 99.94 
0.04 99.91 
0.05 99.87 ~~~~ 

0.06 99.83 
0.07 99.77 
0.10 99.70 
0.13 99.60 
0.18 99-46 

~~ 

0.27 99.28 
0.41 99.01 
0.70 96.60 
1.38 97.91 
2.56 96.53 
5.12 93.95 
9.33 88.83 

14.79 79.49 
18.93 64.71 
18.41 45.77 

0.669 13.76 27.37 
0.584 6.55 13.61 
0.510 5.07 5.07 
0.445 0.00 0.00 ~~ 

0.389 0.00 0.00 
0.339 0.00 0.00 

0.197 0.00 
0.172 0.00 
0.150 0.00 
0.131 0.00 
0.115 0.00 
0.100 0.00 
0.087 0.00 
0.076 0.00 
0.067 0.00 
0.058 0.00 
0.051 0.00 
0.044 0.00 
0.039 0.00 
0.034 0.00 
0.029 0.00 
0.026 0.00 
0.022 0.00 

0.00 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
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