MICRONIZED HIGH PURITY ALUMINA

J. L. Sepulveda, P.

Cortesi, and A.

Ramirez.

Keramont Corp., Tucson, AZ

Submicron alpha alumina is produced by Keramont Corporation in

Tucson Arizona.

Intended application for this powder is high

quality tape casting applications, electronic packages, abrasives,

and additive for magnetic media formulations.

Several production

alternatives based on mechanical fragmentation are discussed.
Grinding kinetics are described within the framework of macroscopic

population balance models.

Properties of this product are compared

to precipitated spherical aluminas also produced by Keramont.

INTRODUCTION

Keramont Corporation has developed a process
to produce high purity aluminas to be used
as an abrasive additive in magnetic tape
formulations, and other abrasive and ceramic

applications. This process is based on the
mechanical fragmentation of a-alumina.
Keramont Corporation has also developed

through its Italian branch based in Novara,
Italy, another process to produce ultra high
purity spherical alumina to be wused in
applications requiring highly smooth surface
and high purity. This process is based on
the controlled precipitation of alumina.
This paper describes some of the features
associated with the fragmentation technology
and compares these aluminas with those
obtained through precipitation.

Sub-micron aluminum oxide additions to
magnetic media formulations that are based
on ferric oxide are common technology since
they have been found to significantly reduce
dropouts by providing a gentle cleansing

action to the head, improve media
durability, and reduce head-media surface
friction. Controlled alumina additions are

used for both flexible and rigid media, each
application imposing different reﬂgirements
on the size of powder to be used.

1

Particle size distribution is one of the
most important parameters to consider when
using an abrasive additive for the purpose
thought here. If the alumina particle size
is too coarse for a given coating thickness,
a rough surface finish can result, adversely

affecting performance and damaging the
magnetic head. Tight control of the
particle size is very important since state
of the art magnetic media formulation
requires %?%) use of very fine magnetic
particles.

Size analysis of these powders demands great
care and the use of state of the art
analytical techniques such as automatic
light extinction sedimentometers, X-ray
sedimentometers or automataﬁ laser
scattering counter instruments. For any
one of these techniques a good dispersion of
the powder in a 1liquid medium prior to
analysis 1is mandatory to obtain good
results. The use of a dispersant to control
particle surface charge may be needed to
achieve a good dispersion. Microscopic
examination of slurry to assess the state of
dispersion prior to analysis is the
preferred technique to assess the
appropriateness of the dispersion.

Particle size of the alumina to be used has
to be matched to the intended final
formulation application. Table I shows some
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typical alumina size specifications for
different magnetic media formulation
applications.

The increased sinterability associated with
very fine aluminas makes them attractive to
the production of electronic substrates and
packages. Advantages are also found in the
forming of green compacts using finer
particles since better green densiti?a and
better surface rugosity are obtained. The
traditional approach to the production of
very fine aluminas hai&g?een based on
mechanical fragmentation , on chem%ﬁﬁl
means making use(ﬁgmfol-gel precursors ,
on precipitation , etc. Other more

sophisticated approaches includelsq% sma
techniques and aerosol techniques.( ) It
could be said that each one of these

approaches present some advantages and some
disadvantages. In general, mechanical size
reduction produces powders which are
irregular in shape and of higher degree of

contamination but at a reduced cost.
Chemically produced fine powders could
present higher purity and controlled

morphology but are in almost all cases more
expensive.

The use of precipitated spherical aluminas
presents advantages. The manufacturing of
these aluminas allows for tight control of
chemical composition and controlled particle
morphology. High purity aluminas are
produced while particle size is controlled
and particle shape is kept spherical. This
type of alumina presents high reactivity
during sintering and produces very smooth
surface finish making it a prime candidate

for the production of high quality
electronic substrates and tape casting
applications. These aluminas can also be

used for magnetic media to produce high
quality rigid disks.

An approach to the industrial production of
these two types of aluminas developed by
KeraMont Corporation is presented in this
paper.

MICRONIZED ALUMINAS BY MECHANICAL
FRAGMENTATION.

Different grinding techniques were used to
accomplish the size reduction of a-alumina.
They included dry ball milling, wet ball
milling, and stirred ball milling. 1In
addition, air classification techniques were
used in combination with mechanical size
reduction to obtain ultrafine aluminas.

Dry Ball Milling.

Dry ball milling was accomplished using
mills as large as a 52 gallons ceramic jar
ball mill. Finer product was obtained as
the size of the mill increased. Grinding
media consisted of 171 kg of alumina
cylinders for the 52 gallon mill, ranging in
size from 1 1/8 x 1 1/8 inches to 1/2 x 1/2
inches. Parameters investigated to optimize
milling performance were: amount of alumina
charged, tumbling speed, and alumina type.

Product size distributions obtained after
operating the mill at 100% voids filling (24
kg of alumina) and 70% voids filling (17 kg
of alumina) are shown in Figure 1 and Figure
2 respectively. For both runs the speed of
the mill was kept at 53% of critical.
Operated under these conditions the mill
delivered 1.38 kW of power. As shown in
Figure 1 and Figure 2, powders with a top
size of 3 microns and a median size of 0.43
microns were obtained in either case. The
grinding seemed to progress normally at both
1008 and 70% wvoids filling, the 70%
resulting in slighter finer products as
expected due to the larger specific energy
input given to the material wunder these
conditions.

The production of submicron alumina was
accomplished with different types of
alumina. For example, dry grinding tests
were performed on a sample of calcined Alcoa
C-33 aluminum tryhydrate and on a sample of
Ceralox alumina for comparative purposes.
Results are shown in Figure 3 and Figure 4.
Notice in these figures, that the Ceralox
and Alcoa aluminas were also reduced to
median size of 0.4-0.5 microns indicating




that either one could be used. The
selection of the appropriate type of raw
alumina will be dependent upon the level of
impurities allowable in the final product
and cost considerations.

Wet Ball Milling.

The finest alumina products were obtained
from wet ball milling runs wusing either
alumina or zirconia grinding media. Water
or acetone were used as the grinding fluid.

As shown in Figure 5, product with 0.23
microns median size was obtained when using
the zirconia media at 25% solids at 58% of
critical speed. Also notice that this
product only has 0.6% material coarser than
0.5 microns.

Figure 6 shows the size distribution of the
product obtained after 24 hrs of grinding
with alumina media at 25% solids and 61% of
critical speed. Corresponding median size
was 0.28 microns with only about 1% of the
particles being between 0.6 and 1 microns
(top size). Grinding with the alumina media
presents as advantages lower cost and
reduced level of product contamination.

The percent solids of the mill charge had
reduced effect on mill performance. After
24 hours of grinding there was a small
difference in the size of the products
obtained. For example, product with median
size of 0.25, 0.27 and 0.28 microns were
obtained when grinding at 25%, 35% and 50%
solids respectively. Evidently, mill
percent solids will significantly affect
mill capacity.

Figure 7 shows a TEM photomicrograph of a
typical micronized alumina product. Notice
that most of the particles are well below 1
micron, with a median size at around 0.3
microns. Particle shape 1is irregular.
Figure 8, shows a cross section of a
sintered sprill with this type of alumina.
It was observed that this alumina sinters

very easily reflecting that it 1is wvery
reactive. Also, a grain inhibitor such as
magnesium oxide may be needed to control
grain size during sintering.

Stirred Ball Milling.

The alternative of using a stirred ball mill
to produce submicron alumina was also
investigated. This type of mill has been
shown to be appropriate for the ultfafi?e
grinding of other of several powders''®°?l),
Stirred ball mills have increased capacity
and are more energy efficient than
conventional ball mills.

A product with 3 microns top size and 0.36
microns median size was obtained after a
three hour grind using a Union Process
Attritor mill Model S-1 of 1.5 gal.
Grinding media consisted of 1/4" in diameter
steel balls. Results are presented in
Figure 9. Although this mill enhances the
size reduction of the coarser particles, the
level of iron contamination obtained
(approximately 8%) was wunacceptable to
produce high purity submicron alumina.

To avoid iron contamination, alumina and
zirconia media were tried on a polyethylene
lined Attritor mill. Results have been
plotted in Figure 10 and Figure 11
respectively. A product of 0.47 microns
median size was obtained with the alumina
balls after 16 hours of grinding, and a
median size of 0.37 microns was obtained
after 16 hours with the zirconia media. A
major reduction in iron contamination was
obtained. However, the impurity level
caused by media wear was still high.

It can be concluded that the 1larger the
density of the grinding media, the finer the
product obtained. Even much shorter
grinding times with the steel media resulted
in finer products. This is expected since
larger specific energy inputs are provided
to the mill charge with the heavier media
and more energetic ball-ball and
ball-impeller interactions are provided. It
has been proposed in previous publications
that this condition will produce improved




grinding performance usually

fﬂund in
conventional stirred ball milling( .

Some additional testing with Attritor mills

was (2C2 nducted at Union Process, Akron,
Ohio , to evaluate alternatives to reduce
contamination. An alumina tank, a tungsten

carbide impeller, and a polyurethane coated
impeller were tried using alumina balls as
grinding media. A product with 0.69 microns
median size was obtained after 4.5 hrs of
grinding with the tungsten carbide impeller
while the polyurethane coated impeller
produced an alumina powder of 0.61 microns
median size after 5 hours of grinding. Less
contamination was obtained with the ceramic
tank, alumina media, and polyurethane coated
impeller.

Another test was performed at Union Process
in which the polyurethane coated impeller
was used with 3/16" silicon nitride media in
an alumina tank. The objective of this
experiment was to increase mill performance
by using a heavier media. A product with
0.4 microns median size was obtained after 4
hours of grinding which is finer than those
obtained with the alumina media. However, a
silicon content of 2.6% was measured in the
product. This approach has also been
followed by other researchers to pr&%yce
fine pure silicon and silicon nitride.

Grinding Kinetics Modelling

It is always desirable to be able to
correlate grinding time with product size.
A correlation like this could be used for
design and scaleup purposes, especially if
the correlation represents different running
conditions and explains the behavior of
mills of different size. These correlations
have been developed in the past between net
specific energy input and product fineness.
The use of net specific energy facilitates
making comparisons among mills of different
sizes on the same basis. For the analysis
presented here, grinding time was used
instead of specific energy since power drawn
by the different mills used was not always
available. This was done since to a good
approximation grinding time 1is directly

proportional to net specific energy provided
during a certain period of time. This
simplification is acceptable so long the
power drawn by the mill is constant along
the duration of the grinding.

The approach presented here is based on an
empirical energy <versus size reduction
relationfg:}%) of the type of the Charles’
equation .  This correlation has been
found to be wuseful in describing the
behav?&gm?ﬁgyoth tumbling and stirred ball
mills ' According to Charles, the
specific energy provided to the particulate
assembly being ground can be related to size
reduction using the following relationship,

_ P .t -a -a

E = =Adgp -dgpr 1 (1)
M

where

E = specific energy
P = power drawn by the mill
t = grinding time
M = solids charged into the mill

d5p p = product median size
dgg ¢ = feed median size

A, a = constants

If the extent of the size reduction is
large (dgp ¢>> dgg p), typically found in cases
when generating ultrafine powders, like is
the case here, the effect of the feed term
in Equation (1) becomes negligible. Equation
(1) can then be simplified as follows,

-a
t = A' M dso'P (2)

When grinding progress is well represented
by Equation (2), a plot of the product
median size versus grinding time should be a
straight line of slope -a when plotted on a




log-log chart.

Equation (2) was used to fit data obtained
from dry ball milling, wet ball milling, and
stirred ball milling. As shown on Figure 12,
Figure 13, and Figure 14, in every case the
data could be fitted with a straight line
indicating that this type of empirical
relation can be successfully wused to
represent grinding progress for any of the
grinding devices used in this study. The
same of data analysis performed using
specific energy instead of time would had
allowed for a direct comparison of the
relative grind&yég)efficiency among the
different mills .

The Charles’ equation allows for predictions
of product median sizes after a given
grinding time. A more detailed mathematical
representation of the grinding process is
obtained when using the population balance
model for first-order grinding kinetics.
This model allows for predictions of
complete product size distribution after a
given grinding time knowing the feed size
distribution and the kinetic parameters used
in its mathematical derivation. The model
allows for the fitting of a set of selection
function and breakage functions based on an
experimental data set or the prediction of
product size distribution when these kinetic
parameter are known. Model development has
been explgined in detail by several
researchers'?° /) A detailed description of
the model formulation is beyond the scope of

this  paper. This model has been
successfully implemen&g? in a computer
program named ESTIMILL which can be used
to describe both batch and continuous

grinding operations.

Using the ESTIMILL program, grinding data
obtained for one of the dry ball milling
experiments was fitted to determine a set of
breakage and selection functions and to
determine model applicability to this
grinding operation. Experimental and
predicted data are shown on Figure 15. It
can be concluded that the first order
grinding kinetics model made  good
predictions of experimental results for the

shorter grinding times only. As the
retention time increased, corresponding to
larger specific energy inputs, predicted
product size distributions deviated from the
experimental ones to a larger extent.

Losing the applicability of linearity after
large retention times 1is typical for
ultrafine grinding applications like those
studied here. This phenomenon has been
reported previously 29) and is believed to be
caused by changing grinding conditions
inside the mill. After extended grinding
times the material being ground becomes very
fine and of increased strength as most
microcracks have been reduced during the
initial size reduction stages. At the same
time, the grinding media is unable to keep
the same efficiency of grinding and
linearity through out the grinding process
is 1lost. The accurate representation of
this type of systeqlﬁequires the use of more
complicated models .

Air Classification.

Three different test were performed on
micronized alumina obtained from the 52 gal.
ball mill to evaluate the alternative of
using air classification of the product
after grinding to remove the particles
coarser than 1.5 microns. Test were run at
Alpine, Majac, and Nisshin. All tests were
run on an alumina sample with a top size of
3 microns and a median size of 0.44 microns.
On each one of these tests, the feasibility

of removing the coarser particles was
demonstrated.
The Alpine test was

performed 1%3Ma
Turboplex Ultra Fine Classifier 50 ATP'"".
The fine fraction obtained had a median size
of 0.44 microns and showed improvement only
in the coarser range of the distribution.

Majac used an A-12 Acucut Classifier(3”.
Under best operating conditions, a powder
with a median size of 0.46 microns was
obtained in the fine fraction and a powder
with a median size of 0.34 microns was
obtained from the air filter. About 50% of
the feed powder was collected into these two




fractions.

The Nisshin tests w?sxégaﬁerformed in a Turbo
Classifier TC-15N . Under  best
operating conditions, the air cyclone
underflow had a median size of 0.40 microns
and a powder with a median size of 0.29
microns was obtained from the cyclone
overflow filter. About 40% of the feed
powder was collected into these two
fractions.

It could be concluded, that advanced air
classification technology could be used to
improve the quality of the magnetic media
alumina product by removing the coarser
particles. However, no more than 50% of the
product reported to the fine fraction as
product and some contamination was added in
the classification process. The incremental
cost derived from the use of such process

plus the extra equipment cost make this
alternative less attractive for this
application.

Product Specifications

Results reported in the previous sections
demonstrate the feasibility of producing
several different grades of submicron
aluminas to be wused in magnetic media
formulations, as an abrasive powder, or in
the manufacturing of high quality alumina
electronic substrate. After consideration
of product fineness and purity 1level
requirements, Keramont designed a process to

produce different grades of micronized
aluminas at reduced cost. Commercial
submicron alumina products developed by

Keramont Corporation have been named KeraMag
aluminas. Their specifications are given in
Table II.

SPHERICAL ALUMINAS

Spherical aluminas are produced at Keramont
facilities at Novara, Italy. The emphasis
of this technology is in the production of
controlled morphology powders of a given
size. The technology is based on the
precipitation of spherical particles out of
a solution wunder very well controlled

conditions. The process is being tested at
a semi-commercial scale at Novara. The
product has been named HIDEV ANl alumina.
Most 1important properties for HIDEV AN1
alumina have been summarized in Table III.
Figure 16 shows an SEM photomicrograph of
HIDEV ANl alumina. Notice the spherical
morphology of the particles and the
uniformity of the particle size.

In addition to being spherical, this type of
alumina is produced with a very narrow size
distribution. As shown in Table III these
are high purity aluminas. After sintering,
they produce a regular microstructure with
controlled grain size. Figure 17 shows a
SEM photomicrograph of the grain structure
obtained for sprill fire at standard
conditions (1550°C, 2 hrs). No additives
were used to control grain structure. Fully
dense bodies have also been obtained at a
temperature of 1500°C.

HIDEV ANl can be sintered at to more than
98% of the theoretical density without the
addition od a grain growth inhibitor
producing very uniform microstructure with
average grain size of about 3 micron. This
type of microstructure leads to high
mechanical properties. For example, flexural
strength of 480 MPa (four point bending
test) has been achieved on a uniaxially
pressed compact. When forming through
isopressing was used, the flexural strength
increased to 550 MPa. These excellent
mechanical properties are better than those
obtained for other high purity aluminas
available on the market.

HIDEV ANl alumina also exhibits highly
smooth surface and no aggregates making it
very appropriate for the production of slips
to be used in the casting of tape with
highly smooth surface. Production of thin
substrate for electronics and other
applications for bioprotesis and structural
composites also  benefit from these
properties.

This alumina could also be used for magnetic
media formulations intended for the
production of high quality rigid disks where




tight tolerance are
surface.

imposed on media

The Keramont process to produce HIDEV ANl
also allows for inclusion of different
elements as dopants that will be uniformly
distributed in the alumina matrix. Using
this approach Keramont has developed
alumina/zirconia submicron powder of
spherical shape and with narrow size
distribution. Avajlable zirconia content
ranges between 4% and 15%. The main
advantage of this powder is the high degree
of chemical uniformity making it a prime
candidate for the production of
alumina/zirconia composites.

Differences between particle morphology,
surface rugosity, and purity, makes KeraMag
and HIDEV ANl two products of very different
nature to meet different application
objectives. However, the production of high
purity precipitated alumina requires more
processing steps than those required for

mechanical fragmentation causing a
significant difference in their cost
structure. The applicability of either omne

of these products will have to be matched to
requirements by the end user.

CONCLUSIONS.

Results obtained in this study demonstrate
the feasibility of producing ultrafine
alumina powders through the wuse of
mechanical fragmentation. Product with
median size as fine as 0.23 microns and top
size of one micron were produced using

conventional milling techniques. These
aluminas are intended to be wused for
magnetic media, as abrasives, and other
ceramic applications. The technology

developed was able to produce ultrafine
alumina powders of high purity at a reduced
cost.

Modelling of grinding operations
investigated showed that an empirical
energy-size  reduction relationship is

appropriate to correlate product median size
with grinding time. A more sophisticated
modelling approach based on the macroscopic

population balance model for first order
grinding kinetics was successfully applied
to the first 8-10 hours of grinding. For
longer retention time linearity was lost and
model predictions deviate from experimental
data.

Spherical aluminas developed by Keramont
exhibited higher purity level and could be
produced at different sizes with a very
narrow size distribution and very smooth
surface. Sintered bodies made with these
aluminas showed superior micro-structure
with uniform grain size.

REFERENCES
1. Matsushita Electric Industrial Co.,
Ltd., Jpn. Kokai Tokkyo Koho JP
81,167,772., Dec. 23, 1981

2. 1Imaoka, Y., "Recent Progress on Magnetic

Recording Technologies in Japan," Ceramic
Bulletin, Vol. 65, No. 8, 1986, pp.
1144-1148.

3. Rotar, F. D., "Magnetic Dispersions

Preparation Techniques,"
Industry, Vol. 2, No.
pp. 7-34.

Paint & Coating
3, May/ June, 1986,

4. Herbst, J. A., and Sepulveda, J. L.,
"Particle Size Analysis." Mineral Processing
Handbook, AIME, 1986.

5. Gitzen, W. H., Alumina as a Ceramic
Material, The American Ceramic Society,
Inc., Columbus, Ohio, 1970.

6. Sakkar, B. K., "The Effect of Ball
Milling on Alumina Powders,” Transactions of
the Indian Ceramic Society, Vol. XXX1V,
(1), Jan.-Feb., 1975, pp. 8-12,

7. Brayman, C., and Drew, R. A, L.,
"Comparison of Milling Methods for Reactive
Aluminas,™ The First International
Conference on Ceramic Powder Processing”,
The American Ceramic Society, Inc., Orlando,
Florida, Nov. 1-4, 1987.




8. Venkataraman, K. S., "Predicting the
Size Distributions of Fine Powders During

Comminution," Advanced Ceramic Materials,
Vol. 3, No. 5, 1988, pp. 498-502.
9, MacZura, G., Gnauck, v., and

Rothenbuehler, P. T., "Fine Aluminas for
High Performance Refractories,” The First
International Conference on Refractories,
The Technical Association of Refractories.
Tokyo, Japan, Nov. 15-18, 1983.

10. Komarneni, S., Roy, R., Breval, E.,
Ollinen, M., and Suwa, Y., "Hydrothermal
Route to Ultrafine Powders Utilizing Single
and Diphasic Gels,"™ Advanced Ceramic
Materials, Vol. 1, No. 1, 1986, pp. 87-92.

11. Matijevic, E., "Preparation and
Characterization of Monodispersed Metal
Hydrous Oxide Sols", Progr. Colloid &

Polymer Sci., Vol. 61, 1976, pp. 24-35.

12. Brace, R., and Matijevic, E., "Aluminum
Hydrous Oxide Sols - I. Spherical Particles
of Narrow Size Distribution", J. Inorg.
Nucl. Chem., Vol. 35, 1973, pp. 3691-3705.

13. Marini, L.,

Montino, and Balduci, G.,

"Production of Monosize Powders", HiTech
Ceramic Conference, Milan, 1Italy, June,
1987.

14, Cortesi, P., Donati, G., and Saggese,
G., "Monosized Ceramic Powders through
Aerosol Processing.", U.S. Patent XXXXXXX.

15. Cortesi, P., Donati, G., and Saggese,
G., "Apparatus for Aerosol Processing.",
U.S. Patent XXXXXXX.

16. Herbst, J. A., and Sepulveda, J. L.,
"Fundamentals of Fine and Ultrafine Grinding
in a Stirred Ball Mill," Proceedings of the
Technical Program, International Powder and
Bulk Solids Handling and Processing,
Rosemont, Illinois, May 16-18, 1978.

17. Sepulveda, J. L., "A Detailed Study in
Stirred Ball Mill Grinding," Ph. D.
Thesis, University of Utah, Salt Lake City,
Utah, 1981.

18. Sepulveda, J. L., "Stirred Ball
Milling: An Energy Efficient Approach to
Produce Coal/O0il Mixtures," Coal Slurry
Fuels Mini Symposium, 112th SME-AIME Annual
Meeting, Atlanta, Georgia, March 6-10, 1983,

19. Sepulveda, J. L., and Fletcher, P.

C., "On the Regrind of Molybdenite
Concentrates with a Tower Mill," 113th
SME-AIME Annual Meeting, Los Angeles,

California, Feb. 26 - March 1, 1984.

20. Stehr, N., "Zerkleinerung und
Materialtransport in Einer
Ruhrwerkskugelmuhle," Dr. Ing.
Dissertation, Von der Fakultat fur

Maschinenbau und Elektrotechnik der
Technischen Universitat Carolo-Wilhelmina zu
Braunschweig, West Germany, Feb. 15, 1982.

21. Stehr, N., and Schwedes, J.,
"Investigations of the Grinding Behavior of
a Stirred Ball Mill," German Chemical
Engineer, 6, 1983, pp. 337-343

22, Szegvari, A., Union Process Co., 1925
Akron Peninsula Rd., Akron, Ohio 44313.

23. Herbell, T. P., Glasgow, T. K., and
Orth, N. W., "Demonstration of a Silicon
Nitride Attrition Mill for Production of
Fine Pure Si and Si3N4 Powders," Ceramic
Bulletin, Vol. 63, No. 9, 1984, pp.
1176-1178.

24, Berhoz, L. M., and Fuerstenau, D. W.,
"A Test of the Charles Energy-Size Reduction
Relationship," Transactions, SME/AIME, Vol.
238, Oct., 1967, pp. 282-284.

25. Charles, R. J., "Energy Size Reduction
Relationships in Comminution, " Transactions,
SME/AIME, Vol. 208, Jan., 1957, pp. 80-88.

26. Reid, K. J., "A Solution to the Batch

Grinding Equation," Chem. Eng. Sci., Vol.
20, 1965, pp. 953.

27. Herbst, J. A., "Rate Processes of
Extractive Metallurgy", H. Y. Sohn and M.

E. Wadsworth, ed., Plenum Press, New York
and London, 1979, pp. 133-145




28. Herbst, J. A., Rajamani, K.,and
Kinneberg, D. J., "ESTIMILL - A Program for
Grinding Simulation and Parameter Estimation
with Linear Models," University of Utah,
Salt Lake City, Utah, 1977.

29. Sepulveda, J. L., and Herbst, J. A., "A
Distributed Strength Model for Fine and
Ultra-Fine Grinding", Powder & Bulk Solids
Conference/Exhibition, Rosemont, Illinois,
May 13-15, 1980.

30. Schorr, J. M., Alpine American Corp., 5
Michigan Drive, Natick, Massachusetts 01760,

31. Ryan, M., Majac, Division of Mikropul
Corp., 10 Chatham Rd., Summit, New Jersey
07901.

32, Hikosaka, T., Nisshin Engineering Co.,
Ltd., 19-12 Koamicho, Nihonbashi, Chuo-Ku,
Tokyo, Japan. Fluidization Center, West
Virginia University, Morgantown, West
Virginia 26506.

33. Yamada, Y., Yasuguchi, M., and Iinoya,
K., "A Few Test Results Of Our New Model Air
Classifier."” Proceedings of the Technical
Program, 1lth Powder and Bulk Solids
Handling and Processing Conference,
Rosemont, Illinois, 1986, pp. 267-274.

34. Yamada, Y., Yasuguchi, M., and Iinoya,
K., "On The Performance of a New Type Air
Classifier for Fine Particles." 1lst European
Synphosium on Particle Classification in
Gases and Liquids, Nurnberg, 1984, pp.
c22-c34,




Top Size
(microns)

3.0

2.0

1.5

1.0

TABLE I

TYPICAL ALUMINA SIZE REQUIREMENTS
FOR MAGNETIC MEDIA APPLICATIONS

Median Size Coating Thickness Applications

(microns) (microinches)
0.7 - 0.5 200 or more - Video tape

- Audio tape

- Computer tape
0.5 - 0.4 80 - 200 - Flexible disks

- Video tape

- Audio tape

- Computer tape
0.4 - 0.3 40 - 80 - Rigid disks

- High density

flexible disks

0.3 - 0.2 40 or less - Rigid disks

- High density
flexible disks
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TABLE II

KERAMAG ALUMINA SPECIFICATIONS

Keramont Corporation Micronized Aluminas

Size Distribution and Specific Surface Area

(a) (a) (a) (a) (b)
Top Size d d d Area
70 50 30
(microns). (sq.m /g)
KeraMag-A 3.0 1.0 0.55 0.35 9.5
KeraMag-B 3.0 0.8 0.44 0.30 13.4
KeraMag-F 2.0 0.45 0.35 0.22 15.0
KeraMag-SF 1.0 0.35 0.25 0.18 20.9
Green and Fired Density
(c) (d)
Green Fired Linear
Density Density Shrinkage
(g/cc) (g/ce) (%)
KeraMag-B 2.06 3.86 18.29
KeraMag-SF 1.90 3.99 19.94

Other Physical Properties

Phase : alpha-alumina
Specific Gravity : 3.82 g/cc
Purity : 99.74% alumina
Loss on Ignition : 0.5% (at 1000°C)
(e)
TYPICAL CHEMICAL ANALYSIS (Wt %)
Na20 $i02 Fe203 MgO Ca0
0.0038 0.0265 0.0031 0.0013 0.0027

(a) Light Absorption Sedimentometer
(b) Single point BET

(c) Tested on 10 gram pellets, one inch diameter at 5000 psi.
(d) Fired at 1500°C for one hour.
(e) Calculated from ICP analyses

11




TABLE III

HIDEV AN1 ALUMINA SPECIFICATIONS

Keramont Corporation Spherical Alumina

(a)
PARTICLE SIZE

Top Size =10 - 2.0 um

Median Size = 0.3 - 0.6 um

(b)

PROPERTIES CHEMICAL ANALYSIS
Purity >99.96% Na 30 ppm
Crystal Phase e-alumina Si 80 ppm
Loss on Ignition 0.3% Fe 35 ppm
(1000°C)

Mg 5 ppm
Medium Cristallite 1300-1400 A
Size Ca 60 ppm
Density >3.8 g/cc K 10 ppm
Morphology spherical Ti 20 ppm

2

Surface Area 4 - 6m /g Zr 10 ppm

GREEN AND FIRED DENSITY
(c)
Green Density = 1.9 g/cc

(d)
Fired Density = 3.9 g/cc

(a) Light Absorption Centrifugal Sedimentometer
(b) ICP

(c) Die pressing at 900 kg/sq.cm

(d) Fired at 1550°C for two hours

12




(0T-988-YWW) °*HBUTTTTI sproa
3007 32 Spow AIp ® WO TTTW TTeq UO3ION ‘Tebh zg e
UT eutunie burtputab xsjzje SUOTINQIIISTP ©2TS 3IoNpoagd °*T oInbTg

(suouaorwa) ‘azig aronae(

I S0 co
£€0°0

=]
N
o
—t
Tg]
Y]

4
4
<4

LYY

e $0°0

-----------------

-
RS-
i

R L LT Ty

[ S,

¥
.
v
-
0
a
.

.
cmmeh o
0
*

N
.

.

-

O
.

1
N
‘

.

N
“~

b eec e e R R e e R LT T R A S-SRI PPN

................................
nnnnnnnnnnnnnnnnnnnnnnnnnnnn

.......... " a— | &)

[ T S

.......... : . - 1 €0

cemcmecdancna.

...... et . . M.O

r
.
»
+
,
.
.
.
n
.
.
.
:
A
.
.
N
4
.
.
.
.
.
N
edoo

........................................

iy : e S0

|-
L
v-
i
.

0

|||| D

Iauly uorjoedy




$0L 3e opow Aip e
UT euTWNTe HBUTPUTIH I93Je SUOTINQTIIJISIP 82TS 3IONPOId

(suoxoruu)

S

uo TTTW TTeq

*PUTTTTJ sSproa
‘1eb zg ®©

(7-980T~YWK)
uojlIoN
*Z 2anbta

9z1g 9[onIed

o

€0°0

HE N R Y T T I
Vo P : : : HI
.................. IR S AL SO fecdureedannad
I N : H : Vo :
e AN G SRS A OO S . e eeaeena HIUS I A i <0°0
: R i : . A .
: - : : : Vo :
: . : : : I :
I P S deecnanas S Seecdenciffunn K
T : . : e :
o : : : v :
Lo : : : Pl :
AR deeeeenenns kR CRRI. S
Y ; ' : : A :
P : : : : 4
B AP S feeeemeenns eemerecveranne.- deedeedennd Jee
i : d : i !
o : : : oo :
SR SR S .- decerereeneneanan deadeedeond [ TR
b : : : i : ' .
O : : :
Joeodomcederraadeonanas Joommonnenn Jeenevercsereneanan E T Jeeene Joennonn feemonen -1 1°0
YT ' f . A T : M
A : ! : HEI oo H H
A : : ' LA : :
A : : : N A H :
N : : : . I H :
H : ' : ] . : ;
- ' : : I I : H
Por : : : : I : H
A : : : : HE : i
HE A : : : oo :
oy : : : Yoy :
oo : ! : N :
o : : i HEE : 4
N : : : . oo : :
P : : : : Pob ; H
4 [ 3 13 1 » » I3 . 13 . ’ » .
K I SR s deamronnnnn IO K teeedocacdorcneduncepepimeaceacane
it : . : : AR A :
oro H : ' : N )
R : : : : o L,
o : : : : HE HE K
Voo ! : ! H o P
HE H : : : - R
. . 1 v ] . . + + + o \-
1 1 » I + t . . t 3 . . .
R . ] . ' . . i . 1 2 1 .
.................. RIS S S L AU SO LS S SR, * L% SO
Lo : : SR :
N : : ' Co :
A : : H A H
A : : H Poor :
Sy b : : : o :
................... SRS S SO SV SIS PRSP SPPPP ..........i.oi. .........:.....
SRt : ' s ¢
A : : : Do : .
LA S : ; : : i .... (O .
ST S SRR S i SO B SUO A dredeeedennd
3 . + . . . 1 1 . 1} I3
B A deeenaenas e doddeidd i
i . . . » v * - .
oo : : Pl - H
. : : LeY i
BRI S, devmneranan S, 3
PR . v . - - + .
o : - .
ducatvafifieedesredevcncodevncncsagdgenaca PR - -, s 4 -4
: Pt g Teve : 4
: - :
'
:

Iaur] uotrjoedy




(T-98CZT-YWW) °“TTTW TTeq OTWRIdD
uoTTeb G°T ® UT eutunie ¢£I-OOTY PaUldTed JO
o7dwes e© HuTputibp I93JE SUOTINQTIAISTP 92ZTS 3IONpoad °¢ 2aInbrd

(suoaorur) ‘az1g 9ronred

S0 co
€0°0

[~
A
o
v
Tg]
o
v

S — - . S —— -
.................. ST S OO SO U SOt RO 4 IS S S R U S SR« 0SS
Ttl*t-nh.llllt. ''''' |" ||||||| * nnnnnnnnnn L. nnnnnnnnnnnnnnnnnn An l.-ula»tnt.mulul* lllll .“ |||||||||||||||| m° o
.................. SISO S S A S SN AU KR UG SO S S S8 SN
e BRI R U S S R i SRR JUR SO SO
.................. S SO S S SO AU PSR AU SIS S SO S
.................. LI G S S L SIS AU R O S
D bbeenadeaad : : : b ddeeeadenoan
................... LI S St AU SO AU A ST S SO S
. . . . . ' 1 + . 1) -
................... LI SO SO S SO I :
. ’ . 1 . ] » 1 + .
.................. IR O PO R S
............ 1] . » » . . 1] .
\— o N . ' H N H
................... S NS SRS RO S S |
S S ST T
................... PRI R S S S -l
ay R '
................... R s
14 b ‘ :
e Ll A RN
: :
e |l BTN U SIS S N Ceemenan
: :
: :
poaq ‘

I9Ul] Uor}oe.d,




(€E-98TI-YWW) "TTTW TTeq
DTwersd uoTTeb G°T1 © UT eUTWNTE XOTRI3) pauTtoteo Jo
@7dwes ® bHurtputab ze33e SUOTINQTIISTP 22TS 3IOoNpPoaxd *p aanbrg

(suoxorwa) ‘az1g aror3xed

ot S £ 4 G0 €0 20
£0°0

|

v - - v T v v
v H H H H R H M
. : H : . v : :
1 H 1 H H . H .
1 1 ' H H I H :
H H H : 1 Vo H H
: . H ; : I H .
L..s P S LR Aewmeeemcecreneaecoan raebe TR [ > SV
: : : : TS v :
' . | H o H H
: H . HE H :
H : : Vo : : o
- -*- -ﬁ llllllllllll A nnnnnnnnnnnnnnnnnnnnnn Ylnv lllll * llllll . llllllllllllllll mo °
H . ; I . H
H : H I H '
. : . Lo : \
‘ST PR PO I SR JR R SPRIO e S S S SO SR .
: ? ? L h
: H H . H H
+ * [ . ) * L
L.y L . U 3 H
: H ' HE ; H
. ' ' Voo : '
a-e drmeeraneanan B tend .
' f : Ty h
: . H Lo :
... deeenemeneaen B P [0 SO SR U SR .
. . [} . ) '
: Lo
L4 reremnenaeas R PP PO SR S SRR +
. H ) HA 1
H H : I :
: \ H I :
H : H H :
: H : HE .
H : : o .
H H H Lo :
h H : H H
: H : I :
1 H H HE :
H : Vo :
H ' I .
1 H I h
H H o
H : HE
: : HI
- dmemeeeeeannn e ceeean )
3 : HER
H : HE
: : Lo
: : Vo
: H o
H : I
H : H
H H I
: : Lo
.............................................................. ——
............ . . . . 1 . .
N ' H : I
H H : I
Vo : : H b
4y Nr H : : : [
: : : I
S T R LT TN POINPU SR S SR APU I
; :
: H

IaUly UOoT}oe.dy




(€E-980T-YWW) °~eTpswW BTUODITZ
U3TM Spow 39M B UO TITW Tieq oTweasd °*Teb g°1 e ut
euTwne buipurab I93Je SuOTINTIIISIP ©2ZTS IONPOId

(suouorur) ‘azig a[onIed

T S0 co

(=)
-
'g)
Ao

‘g a2anbtg

1°0
10°0

1

ememmsccaaand

Jameenn-

.
P T ——

1]
meesedisnccssncane

S, RPN

.
]
.
.
’

H

.

.

.

.

3.

ceeedeecenas

.

.

.

.

"

.

.

v
ecbeecbonebococdiaranccdosnnnsanennnd

e decebaccbocccdcancaad

cdeodaoonl

D s A SO AP T

..J..-.-..i‘.----.-----i
’
.
.
s
.
.
1
.
.
.
a
.
)
1]
.
.
.
.
.
.
.
.
.
.
.
.

c0°0
€0°0

S0°0

~ A -
©c o o o

\:

I9Ul,] uorjoedy




(L-.89-VWW) -eIpsw eutumie

U3TM Spow 3aM ' uo TITW [Teq OTweisd *Teb 9°g e UuT

euTwne HUuTpurab I93Je SUOTINQTAJISIP S2TS 3IONPOId 9 a2anbtg

(suoaorur) ‘az1g oronred

v ey v v v v
1R R R IR v Y H v
3 . . 1} L] . . (] 1]
. . 1] . . 1 . . [
. T . [ ’ ’ ) [} .
. . . [] [ . . 1 .
I T T ' H H H
, * . » . . 13 .
I I H ' :
.................. PR JRPR S SRR N VeseqeeregancacqeecncoPfeccnacnce
YT v v '
R ) ' '
R 1 \ H
. . [} . . ) )
1 . 1 . » 1 )
b eeeceenes [ P, decndesendescnvdercenfodecennacans
1] . ) * ) )
T : H
- H H
IR 1 1
b eeeeeeaas b ceead PR H
vt 0 ¥
I H H
Voo ' '
llllllllllllllllll o oo cvieaed - -
oS + v
] . . ] . .
(] :
PR ORI Y | 4
AR H
bodeodt
b et eefeahend }
1R '
llllllllllllllllll o ndevvieved *
1) v 1] v I +
L] :
................... S SRR NP AR SRR SRR +
R T AR ' 1
T T 1 '
[ I H \
* + . ’ ] ) .
[T T H 1
HE A 1 1
A H H
HE T 1 H
[T A ' H H
T R H 1 H
T T ; . '
[ S R H H )
A H H H
R H | 1
.................. - SO A S SOS J o
TITTT VY ? 3
R A H H d
[ S ' ' '
[T T ' \ '
[ T H ) :
[ S ' H '
Voo H 1 :
I 1 | 1
MRS (RS TP U SPPS S U SP )
I A R v + '
[ T T : 1 H
R H 1 '
T T H H H
T T i i \
T Medeodhoeduncdecaedecane Jrreeane ]
R T . ' H
HE A ) ' '
) ] [ ) 1] . .
R LT T T T RepupI . Tn\" ||||| A nnnnnnn .“ uuuuu A |||||| —
N 1 H 1 '
Vo H H 1 H
i
..................... devebraderndeccadennn ]
) . .
) ‘
.. S +
: i
R H
. S H
) |
..................... E- Lt A
d

S0 co

c0°0
£€0°0

S0°0

i
o

<o

K
S

“'2
o

ury uoryoedy

J9




*BurTrTw 3°9M
13933 poonpoid eutunie uoxotwqns jo ydeabojouyd WAL ‘. L2Inbtg




Tsanoy omiz I0Fx D 0SST
e pPSI23UTS PUTWNTE uoIdTWNS Y3TMm apew 3a11ad
B JO 90vIaIns aanjoeal e Jjo ydeaxboxotwojoyd WIS g sInbtg

wr v
| p—" l‘a\n..llll




‘eTpaw T23%

S

(T€-98L-YHW)
y3ztm  TTTW JI03TI33¢  °Teb g°1 e ur

euTunIe HBUTpUuTIb I893Je SUOTIINQTIFSIP 92ZTS 33OoNpoad °*¢ 2Inb1g

(suoaotwa) ‘az1g aronIed

Tg]

v ' v r T v v
[ } ' . . M ' . . H H
) 13 . 1 + . 3 ' . . [} [} .
[ ] . i : . . . ' ‘ . .
[ . ' ' ‘ ' . ' ' . .
[ ) ' ' ' ' . . ‘ ' ' .
e ' ' , . . : . ' v '
oo ' ' ) ' ' ‘ ' . '
I ' ' ‘ ' ' ' : . '
B LT LT T T T LI qreemccans - Gecrqsemsqmccna arercso W encaccvan
[ . . . ' v ' . ' .
[ + . ] ' . ' . ' '
e i ' ' . ' i ‘ . .
o . ' ' ' . ' . ' '
[ . ' ' ' . . ' ' .
D T SO e S P deveocencen - Hecedecndonandonnon deccedecboncnnnan e
[ 0 " " " « [ ' + "
[ . ' . . ‘ [ v ’ '
o . : . H . [ ' ' .
I ' ’ + ' ' Voo ' ) .
B LT T Supupups Sy decerncnona - Ancedencdearcdenncedecdhosntnocan smema
AR ] . 0 0 ' " ) ‘ .
[ ' ' ‘ 1 ' [ ' '
o ' ' ' ' ' ¢ ' '
cdvcsbhnedosrduoscodracacdnarense duvesccanue el e medunedessvdavcssdaffvoncodncnccnsnne
[ N ] " " [ v ' s
[ . ' ’ ' [ T . '
Sband . ] 1 : oud ¢ )
sqeecpeaqecnqueacaresesquecanengs - L R LT CEETT LT upr’y Py s comnan
[ ' ’ H ’ o ' 1
(R | : ’ ' : )
e emprejreeqevenmrteanqeancen < - R R Lot |
o ' ' ‘ ' [ .
cedesstesndevedoscodinnne demmrw e dascesssvese . »d ot +
TN ) " 0 " " F ) " i 1
ot ) ) : ' ) oo .
R TP R L AT I A Neseeen Quecrrncnns -~ L EET LT pp ppas ) meedene 4
[ ' ' . . ' [ . ' 1
[ ' ' ' ' ' ' o ' . .
[ . ‘ v ' ' I ' ¢ H
] ' . ' . . . o ' 1
[ . ‘ ' ' ' T . '
[ T v ' . ' ' oo ' :
[ . ' ' ' . oo . .
[ T ' . . ' ' [ ' .
[ . ' . . . [ ' '
[ T . ' . . . [ . .
L ' ' . ' . o ' .
[ . . ' ' ‘ oo . '
E N ' . ' . ' 1
* . » ' » * K v I3 . . )
.................. Wt et cedem e e ec Mo a e s et a et e ne e tes e n oo . rneen
[ ] . ' . ) v . )
' I . ' . . ' .o .
' e . . . . ' [ .
. [ . . . ' ‘ Vo .
. I . ' ' ' . PR .
. L] . ' ' ' oo '
P S S . ’ ' , .o '
00 ' ' ' . I »
poonacenocnnnanaen D T T (P R U AR s ¥ g DR P et Lo -
[ v . v ' . v .
[ T ' ] v [ .
| ’ . . [ v
S T ' ' . [ .
L . ' ' v .
b ccverrcccceaeana. bedevohasdessdronediaana . {4 4
[ . o .
P T B ' P .
[ ' [ .
focomcmmeceacnaa. - derebond . L I 4--4 4
[ R ¢
[ S [
R T T T T brdeeeheadenaduofdecncadenennn {--1
[ [
R ] U]
b eemccercancrrannas, - - neee
e o
Lo [}
b recneracrrccocan LA - -
Vo
S L LT T T LR
'

4 I S0 0

c0°0
€0°0

<0°0

<0
€0

S0

Iaury] uorjoedy




‘eIpauwl eUTWNIE YITM

(T-98L-YWW)

TTTW JO3TI33¥Y “Teb ¢g°T1 e UT

PUTUNTE DUTIPUTIH I93Je SUOIINQTIISTIP 92TS 3oNpoad 'O o9Inbtg

(suouaotwa) ‘azIg 9[onaed
S 4 1

0

S — v . - - v
N S B S R T T T H 1 T T H
A : : : : : : : :
A : : : : : : ! :
R : : : : : : : :
I : : : : : : :
e : : ! : : ! :
A ! : : : : :
oo ; : : ; ;

IOt S AU SO SO SOOI AU SO e deeeeeoplgeeneacaas
TIYTTTTUTTY TS H : : ! '

T . . [ . [ 1 . ] . +
A : : : : :
A S S : : : : :
N : : : ! :

e SIS S J IS A SR H S S S S SO SO IR 45 T
R R e 0 : ] : d
R : : : : :
R : : : : :
oo b : : : : !

................... A S SO AU SOUUS U B SO S :
R SR Rt : : : : :
R S : : : : :
I : : : : :

.................. ddd daeeand : deadeedeandonadonas 4
Sedeees : : : : : ]
YT : : : : ' :

..... P4 : : : ; R

I bodeodond dreened K Joedeed
YTTETYTTTY T H H J '

" ) [ ) 3 3 » .

R eeefpendecadenrcadnenna [, 4 1 [T PR YO
R - H J H ' i

................... OO S SO0 S S SRS SO ARUUNI SOOI
bedee e daeadeo ool g ‘ : g :

H Co : : :

................... reeapreadacagn B T T B LT LT s | g e

A s e H \ 5 J .

A ] : : : :

S ! : : : H

A : : : : :

A : i : : :

S : : : : :

N : : : : !

T : : : : :

R ; : : : :

A : : : :

A : : : :

- : ! : :

A : : : .
v . " . ' . [ ' ‘ [ I . .

.................. S S N O S L SOOI SO SRS SO 20 RS SR
b e : : : :
I : : Y :
A : : : !
N : : \

[ : ! R
A A R : : R
A : ! S/
T : : : '

.................. LSO N SO OO S SO SN e eceeeran—an JR SR 48 SO,
T T : : " it il :
R : : : A v
Yo : : : A !
R : : : P
Do : : : .

||||||||||||||||||||||||||||||||||||||||||||| disrnsnmrcsacnanasersadandend
bodeeckeoy 4 ’ 4--4--4
CTTTT ' : H
I : : I
oo : : [

||||||||||||||||||||||||||||||||||||||||||||||||||| deccarssencvecnacacaden

- o enpennd ; 4
T : '

oo : H
nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn B -

- b cbeed ! 1
yTTn : .

* 3 ’ ’ \\ v h-

.................. SRR N o S SSUOL SOOI SOOI AR R

T : ' :
.
P : : Rny

.................. -~ eeqmeccgeorosmmeccreiqercscracrenecanea TR cazpall PP AP

. H H . - - .
........ -- 1 NS A
-- - oo H !

c0°0
€0°0

S0°0

<o
€0

Jauly uor}oedy




‘eIpaW BTUODITZ YITM TTTW JI03TIIIY
eutwnTe bDUTPUTIH I93Fe SUOTINQIAISTP 9ZTS 3IONPOAd

(Z-98L-YWN)
*Teb g1 e ut
‘11 2anb1d

(suouaorur) ‘az1g s(orIed

4 I A

<0°0

S0

Tg)

T m S B
I 1 : ' H H
Voo ' 1 . 1 \
................... ek : veergferseeee! €070
..................
.................. it e LKV
................... Lm A — -
proveeeseeeeenss RS DA B 1S OO0t N S -
................... Pt i O ®
................... S ‘
E—— : e S
BREE m S .
BRI | ;! o
' H ' Y] :
" . - =
L T o M S S A S freeeeeees 20 =
IR " m ot
oo b | ] o =
FR H N €0 ¢
» v . )
S e
A 4 e e jeneneneen] §°0)

uuuuuuuuuu

%;

e meccccemecannan




(0T-988-YWKW) °DBUTTTTI SPTOA %00T 3I® TITW
UO3ION °*Teb g¢ ® ur eutwunye jo bHurlrIw [req AKLap
ay3 107 dIysuoTrie[aI UOTIIONPDI 22ZTS-dWIF burpuTtio °*g1 2Inbrg

(suoaorur) ‘aozIg ueIpap

T 60 680 40 9°0 S0 v €0

|

...............................................................................

"y
.
'
'
.
]
.
v
‘
.
.

B LT T

coar e mmemagafa

eevepeereccccccctccce gy

D R L T T SRR I
'
.
.
'
.
'
]
.
‘.
.
H
.
i}
’
1

cemapemmmcegemcimacme g accccacscemmena
.
.
’
H
N
1
.
I
i
«
v
'
:
'
1
.
+
3

B T P . S
.
’
.
.
'
.
»
.
.
.
.
H
.
1
.
'
N
1
'
.
'
N
e
.
'
v
.
.
.
+
"
‘
[
.
+
.
»
«
I
.
’
'
.
.
.
.
‘.
.
’
.
.
.

(1q) ‘euryy, Furpurin

...................................

:

0t




(£-980T-VWW) ‘eTpaw eTUODITZ Y3ITM TTTW
ODTWeI®D °*Teb G°T B UT eutwnre JO HUTITTTIW TIeq 3IoM
2y3 xo3 dTYsSuoTjleT[aI UOTIONPII IZTS-SWTI3 DUTPUTIH ¢ |INnbTJI

(suoaotur) ‘3zIS UBIpON
€0 82°0 92°0 ¥2°0 22’0 20

<
-

W
-t

(=)
AN
(1q) ‘owr], Furpurayn

W
N

o
o




(T-98L-YNNW)
*eIpau rUTWDTE UY3JTM pabieyds TIIW JIO3ITIIIV
*Teb g1 © utr eutunie JO HUITTTIW [Ieq pPoSIAT3S
2y3 103 dTysuolIlelax uollonpar 9zIS-awrl DbUIpUuUTIH *§I 2anbta

(suoxorwr) ‘szIg UeIpSN
6'0 80 4'0 9'0 S0 ¥0

. ' . 1} N
1l ' ] i
' . . ]
] ] ' i
' . 1} ]
. « ' H
’ ' v v
. . . .
. I . ’
. ' ' ]
3 . I ]
. . . .
. ] ' i}
v ] . ]
. ' 1} 3
------------------ P eccmareaccreccceymeimremrasremratmtaeAsemeasseaie srtAres-cMmmAeeseroEomeec cemvsemcascearednemearaceann
v 14 . v
. » '
' 1 . i
. . ' 1
. i '
. N 1
. . .
I ' .
. . i .
i . i
.............. Meccccescsnnescaransdocevarccansorancomvasrdiocrcscaccmcassuan-cocacatrarhttorcccrc o e s e e e nanm e
" ' l
H . . i
I il . .
i i i
' .
. .
' i
'
XL LT P ET TP TTIIINN Py B L T T L T e smtcenreicdsammstaamrernsoenenony

O
(1q) ‘ewur] Surpuran

.................. w:;:::::::w;:::. R itiat I
.................. e e e l 1]
.................. R ks e B
— oo N O G i 1
e e B 91

H H | H Q.H




(0T-988~-YWW)

"BUTTTITI sSproa 00T 38 @pow AIp e uo TTTW [Teq

UO3ION °“Teb zg ® uT eutwnie burputab Is3jFe paureilqo
elep a9yl 103 3JTI Tapow SOTIBUTY bUuTpurtib I9pIo 3ISIAITI °GT 2anbtg

(suouorur) ‘szig s[onred

0¢c ot S c I g0 co
G0°0

e Lidldd S e LSRN SO SO
. 1] . 0 . 1] v . 0 [} . [l 13 13 1] [
Voo ‘ h H [ T H H H
e snaees R S S R e e S forermeeees
................... podeckeded R S S B S S T S
.................. +ied R S T S e IR
e +odedeed B Frivdete e fr e 0
S m i P P ; eS|
A w P A 3
IR S A A m P P 2
—- AR N 5% Pl c+
LA S e B e A S S © R <0 o
+ + [} . 1 . I3 . + 1 . .
- - RN | " | -
i B B e R S S S feeraenees €0 M
SN ! w ~
Frpeeetegt freneeeees remeeeeees @
P m m "
NERRS R St e 3 e G0
N 4 S N m
+
¢ llllllll
H
N
. T




‘eutwnie [NV AFAIH Jo ydeaboaotwojzoyd WAS °9T 9InbTg

SR
N R L T R

, :.\(L“..I..\.‘uw g




‘sanoy om3 I03 D 0SST
3P PSI93UTS euUTUNT® [NV AHAIH Y3Tm apeu 3a7Tod
® JO 9d0evjyans aanjoexy e jo ydeaboaotwozoyd RIS

wl b

LT 2aInbtg




