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el GRNNETENTY

TECHNICAL REPORT NO, 1

Contract N-onr=LOL(03) Project NR 032 3L8

I. Introduction

It 18 recognized that half wave sheet radomes offer cer-
tain advantages over scme other designs on the basis of low
reflection for both polarizations over a wide range of angles
of incidence, This is particularly true of materials with
dielectric constant of 5 or greater, It is also true that
to achieve these advantazes, one must work to very close

thickness tolerances,

IX1. object _
This project has been initiated to learn how to handle

@k Y DY A

the fabrication of ceramic materials so that radomes could

be made with acceptably low transmission losses for all an-

St & & e gt

tenna positions,
The first phase of the work has boen to develop the pre-
cision required to produce large ceramic shapes with thick-
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nesses controlled to one or two thouszandthis of an irch,
maximum variation,

The second phase will then be to fabricate radome shapes
which will give satisfactory electromagnetic performance. It
is expected that this will be a process combining theory with
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experimentation, to make, test, and remake the shapes until

the goal is achieved,

I.I. General Procoldure

The four major methods of cercmic fabrication wore cen-
sidered, They were pressing, extruding, slip casting, and
jiggs.""1g. The contemplated size and shape of the radomes
renderod pressing and extruding impractical, The existing
body compositions having the optimum olectrical proportios
neccssary were not readily adapted to jiggering., Slip casting
was thus found to be the most practical metnod, However,
Jiggering remains as a possible method of fabricating radomes,
This method, however, would nocessitate a radical chanée in
body composition in order to introduce substantial amounts of
raw clay., .

The most nractical method of fabricating the contemplated
shapes, as mentionoa above, was slip casting, The size end
contour of these shapes wers such that drain casting lends
itself to this adaptation readily. The compositions having
the proposed electrical properties alsc lend themselves readily
to this process, Slip casting also éroduced the most uniform
structure which appears to be of extreme importance in this

application,

The dielectric properties of the material were given
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prime consideration in selecting a body composition with which
to begin the work. It was indicated that the tody should
have a dielectric constant of 5 or greater with low loss
characteristics. The foliowing dielectric materials were
centainea in this category: (1) Steatite, (2) Zircon Porcelain,
and (3) Wollastonite compositions. Steatite, the moast sxten-
sively used material of the three mentioned, was selected as
the matersal with which to begin.

In addition, it was decided to use the steatite in pre-
vitrified form in order to gein tha following advantages:

(1) Accurate shrinkage control.

(2) Maximum Homogeneity of structure and fine body texcure.

] (3) Lowsr maturing temperature with minimum firing cyglo.

‘ In view of the extremely cload dimensional tolerances
confemplntod for the radoms shapes, emphasis was placed upon
control of the particle size distridbution. An effort was made
to correlate the particle sise distribution with firing shrinkage.

Work was begun on a laboratory basis using existing equip-
ment. A conventional ceramic prooess was simulated in order
to establish a preliminary technique which could then be applied
to a pilot scale process for the mroduction of the large ra-
dome shapes. In this manner it was possible to evaliate
all of the operations necessary to produce the desired shapes

by the slip casting method. An sxperimental ogive shape
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Dwg, No, LOL(03})-0, (Figy, B-1), was selected for this phase,
From this prsliminary work, a processing system was
designed to satisfy the neads for producing the large shapes,
This also included the design and construction and/or pro-
curement of equipment necessary to fabricate such shapes,

A goneral outline of the process devised for the pro-
duction of the ceramic racdamos by the slip casting method
was as follows:

1, Preparation of Materials

The previtrified steatite was milled to the desired
degree of fineaes:s by wet or dry milling, Various particle
size fractions were obtained by dry air classification methods,
Seleoted particle size disiributions were obtained by the
blending of various fractions,

2. Preparation of Casting Slip

The batoh ocomprised of the milled pre-vitrified
ntoatite, plasticizer, deflocculants and water was milled

-for a specified length of timeo,

3, Processing of Casting Slip
The ocasting slip batch was screened, deaired,
ferrofiltered and storod in a tank equipped with an agitator,
Periodic control checks were made on the casting
8lip. Adjustments werc made whon nacessary with additives to
maintain the spocific gravity and the viscosity within cortain
prescribod limits for each property.
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EXPERIMENTAL SFAPE NO. 1. ALL
DIMENSIONS COMPENSATED TC MOLD
SIZES.

Scale 3" = 1' DwG. NO. LOL(03)=0
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L, Castin-s and Handling
The casts wero mado and oxtrome caro was oxcer-
sized to establisn tho nropor-timing for ocach phasc of this
oreration, A tochniqueo was estabdlished to minimizo handling
in the greon state,

€. Bisquo Firing

A bisque firing cycle was developed to obtain
optimum handling and machining propertics,

6, Machining of Shapes

A complete operation was dssigned for the machining
of radome shapes to satisfy proposed dimensional tolerances

7. PFiring

A kiln-setting technique and firing cycle were
developed for the radome shapes.

Various tusting facilitlos woro investigated for testing
and evaluating coramic radome matorials and shapes, It was
intendod to incorporate tho eveluation of the test rosults
obtained in this manner in

(1) improved radome designs

(2) the selection of a suitable coramic dielectric matarisl

(3) to establish the dimonsional tolorancos for a specified

radomo dosign,

T ~
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The design of the initial radome shape, Dwg. 4O4(03)-1,
(Pig. B=2), was based upon the following considerations:

l. It had tc be adaptable to exiating test equipment
at the Naval Air Development Center af Johnsville, Pa. Afted

consultation with the grsup that would do the testing, this
indicated about a 10" diameter at the base, capable of taking
an 8' antenna,

2: It was advantageous to make it as long as poasibdle
since the range of angle of incidence encountered at any point
near the nose decreases with the length of the radome.
However, this advantage had to be tempered with practical
oonaideratidna and thersfors s 24" lsngth was selected,

3. A pointed rather than a rqunded nose was selectea
to avoid any region of abrupt change in angle of inoidence.
This would eliminate wide differences 1n'phale shift at
different regions of the energy beam.

4. A parabolic curve was chosen which would aiﬁulate
@ logarithmic spira’ in that the curvature decreases from the
base to the nose of the shape. The definition of this para-
bolic curve is as follows:

The intersection of the radome outline with a plane
through the axis of the radome was a parabola whose axis lies

in the base of the radome.

B :
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IV, Rosults
A, Oporations and Equipmont to Produce Radome Shapcs
Tho following flow chart shows tho oporational
soquoncoc and tho corrosponding equipment proourocd to produce

larzo radome shapes,

Qporation Equipmuny
1, Milling of Pre- A ball mill with inside dimen-
Vitrifiod Stoatite sions of 22" length and 27"
diamoter was usod, It was steel
Jackotod and norcelain linod,
Flint puhbles were usod as the
grinding mcdia in oporations 1 & S,

2, Drying of tho millod Tho wet milled slurry was put
Steatite into onamelled trays aond placed
into a drier 42" x 46" x 26",
Tho dryor was olootpically heated

and controlled,

3. Classification of An cutsido souraa was nacd for
milled Steatite this work., The method usod was
Rote dry air oclassifiocation., The

(This oproration was limited work was dono by tho Reduction
to the dry milleod composite
primarily for the purpose o Engincering Co., Nowark, N, J,
gotting a coarse fraction),

T SR e —
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Qporation
Casting Slip

Proparation

Screooning of Casting
Slip

Elcctro Magnotic
Soparation of Casting
Slip

Deairing of Casting
Slip

Equipment
The maturisls wurce batched and

piacod in thc ball mill describod

in itom No. 1 abovo,

A forty mosh U, S, labdoratory
tost scroon was usod to scroon

tho slip.

A Franz forro filter model No, 4l
was usod, £ Thor Solenium
rectifier model No. S-3 was used
to supply the D,C., current to the

ferro filter,

A Binks, 10 gailon, gaivaniged,
rlaze pressure tank was used,
This tank was equipped with

an air driven motor geared to an
agitator, It also had a dish
type bottom equipped with o dis-
charg- opening of 1" diameter,
This tank was attached to a
Cenco Megavac vacuum pump with

a non collapsible hose equipped

with a moisture trap.

Anrits o o e 4 s @ at) B e
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Operntion
8. Casting Slip Storage

9. Casting

10, Drying of Shapes

Equipment.
A 50 gallon stainless stoel

tank equinped wiin c gear re-
duced agitator (30 R,P.M.) was
used, This tenk also had a
dish tyne bottom with a 2" out-
let at tho center., A quick
opening valve was inocorporated
on this opening with detachable
pining of sufficient length to
pour directly into the mold.

Two plece molds were used, The
tops were held in place by a
steel ring olamped with rods to
a steel bond secured to the

body of the mold, The molds
were handled during the draining
Qnd removeal periods by a yoke

end hoist assembly shown in Fig,
No, B=3.

Alr drying was sufficient for
this purpose,

& aradid
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Operation
11, Bisque Firing

12, Machining

13, Pinal Firing

14, Cut off

Equipment
A car-bottom hearth kiln with s

firing chamber 3! x 3' x 4}' was
used. See Dwg., LOL(03)-3,

Fig. B-11 and Fig, B=4. It was
cad fired and equinped with an
eleotronically controlled tempera-

ture recorder,

The inside and outside machining
cf the shape is being accomplished
by a lathe turning operation, A
Monarch lathe with a 16" survey
and a 14' bed 1s being used for
this purmose, Special chucking
fixtures for the above mentioned
machining oporations are bdeing
designed, See Figures B-5 and
B-6.

Same equipment as No, 1l above,

The same lathe fixturing will

be used as in No, 12 above with
the addition of a Dumore grinding
head equipped with a diamond
impregnated wut off wheel,
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B. Tecnniques Developed for Produsing Radomeo Shapes
1, Milling of Pre Vitrified Stoatite Scrap
(a) A wet milling method was used for the procurement
of R-1 material with a particle size range from 3y to O4y. '
The mill charge consisted of the following:
1) 50™of pra-vitrified steatite in thin walled tubular

form or some other easily reducidbls fom,

2) 15 gallons of water,

3) Pebble charge of approximately 1/3 the volume
of the mill,

This was milled for a minimum of 18 hours, The super=

natent slurry then syphonod off and dried.

i (b) A dry milling method was used for procurement of R-2
-A

' material with a particle size range from LUy to 12 4 .

|

|

The mill charge consisted of the following:

{ 1) So.or pre-vitrified steatite in thin-walled tubular X
}

form or some other easily reducidble fom, : o

, 2) Pebble charge of apyroximately 1/3 the volume of
| the mill,
'i ! This was milled for 6 hours, The material was then
=

screened through a 325 mesh screen, The minus 325 mesh material

was air classified, A3 |




e o e e e 2 i o i)

o~

S-L)

2, Preparaticn of Casting Slip
A 200 pcund batch with ths fouilowing composition was
charged into the cbove desoridbed ball mill,

Base {miuu Stehtite 99.0
Composition ‘_Bsntonite 1,9 =
("y" Brand Sodium Silicate 0.132 (Vol,)
S8odiun Hoxamotaphosphate 3.3 (Vol,) u
(Cono, 24,55 gs./500 m1,)
bt L <suporloid Gel 1,0 (Vol.)
(Cone, 10 gs./500 m1,)
Ammonium Hydroxide 0,2 (Vol,) g N
(Cone, 26-28%)
(Water W.6  (vol.)
This batch was milled for 3 hrs, The slip was then screened
out of the mill through a 40 mesh screen in order to get the
pebbles out of the slip. 5
The slip was de-aired in increments of 10 zals. in order 5
to eliminate entrapped air, This reduced the holes in the |
cast plece to a minimum, A more homogeneous and denso structure I
%

o
|
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resulted giving more uniform electrical performance,

The slip was discharged from the deairing tank through
the ferro filter in orier to remove tramp iron particles
picked up during processing, This improved the electrical
proporties and cppearance of the radome shapes,

_ The slin was stored in the stainlcss stesel storage tank
with continous agitation 24 hours a day.
3, Casting the Radcme Shapes
(a) The casting slip wes tested for specific gravity
ond viscosity prior to use, Limits on these properties have
been established as followa:
Specific Gravity-1,84-1,86
Viscosity -},0-70
Bote
The viscosity units given chove were direct scale readings

using the Brookfield Viscosimeter employing the No, 3 Spindlo
at 12 R,P,M, and the 500 scale,

(b) The mold sarfoce was sponged with clean water.

Note

This operation may be discontimued when the mold is pro-
perly "tempered" after daily use,

34
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(6) The tapered side of the mold top was coated with
an impervious plastic cement, The flat iide of the mold top
which forms ilw "2ic" axtension of the radome shope was water
tempered cond lizhtly dusted with 200 mesh feldspar, The mold
top was secured to the mold casing with a ring clamp,

(4d) The casting slip was poured into the mold in such
o manner thot a minimum of air was entrapped in the casting
slip,

(e) The hoist and yoke was positioned on the meold
ring and the mold was roised off the floor.

(f) The costing slip was nlloﬁod to romain in the
mold from 4O to 60 minutes, depending on the ultimcte thiokness
desired,

(g) The mold was then inverted cnd the excess slip
drained, The mold was tipped at various angles from the
vertical to insure ocomplete¢ drainage, A total of 30 minutes
draining time was allowed,

{h) The mold was then uprighted and suspanded slightly
off the floor and the.caat radome shape was allowed tq shrink
away from the mold,

(1) The mold top was removed and the cast shape was
allowed to remcin in the mold for 24 hours, minimm or L8

hours maximum time,
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(J) The setter visqued at 1500°F, was placed on the
bcse of the cast shape with a 3/8" rubber-tube gasket between
them, A silicon carbide slab wes placed over the setter
resting on shima which vere placed cn the mold casing., The
mold top retaining ring was clamped over the siliocon cardide
sladb and the meocld invorted,

(k) The mold was lowered to the floor carefully while
in the inverted position. The mold oclomp wts removed and
the mold occaing wos hoisted slowly from around the cast shecpe,

(1) The cast radome shape was allowed to remcin in
this position unﬁil thorcughly 2ir dried,

{m) The dried shapo was carried to the kiln car on
itas setlter and slad, The slad was placed on setter blocks
using taree~point suspension,

(n) The rubdbber-tube gasket was replaced with cotton
wads and setting sand introduced alternately, This was
acoomplished in the following manner: A portion of the
rubber-tube gasket (2 inches) was rolled out and a ocotton wad
was inserted, The intervening space was then filled with
settinz sand, This operation waas rapeated until the entire
gasket was replaced with cotton wads and setting sand,

(o) The shape was muffled with silicon carbide rings
and finally oovered with a slad, (See fig. RB=7)
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(p) The shape was bisque fired at 1800°F for a one
hour period, (Cone 010 down), This temperature and soaking
time was found through actual trial to be the cptimum firing
cycle to give the best maohining qualities,

{qi All me jor machining and finishing operations,
except that »f ocutting off the "1ip" extension at the base,
were performed on the radome shane while in the bisque state,
This inciuded the machining of both the inside and outside
surfaces to obtain uniform oconcentricity and thickness over
all, The machining dimensions were compensated for firing
shrinkage to give the desired final gi:is and thickness,

(r) The finished shape was reset on the kiln ocar
upon its setter and sladb with placing sand between each,

It was muffled as indicated in "o" above.

(s8) Tha shane was fired to 2200°F with a one hour
soaking poriod in order to obtain the desired degree of
vitrification., This was established by a standard moisture
absorption test run on a small sample of the material fired
with the shape., The desired degree of vitrification was ocon-
sidered to have ,02f of water absorption or leses,

(t) The fired shape was given & final inspection for
physiocal and dimensional properties, _

(u) The "1ip" .extension at the base of the shape was
out off to length by using a diamond saw,

s s

{
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(v) The bese of the shape was finished by lapping

with very fine atrasive material.
¢: Dimensional "runout" experienced with molds in use up
to the present time.

After the teohniques for producing large racomes had
been established and tried, consecutive casts were made from
one mold, Dwg. 404(03)-1, (Pig. B-2), in order to investigate
the reproducibility of the shapes from a standpoint of

ecocentricity. The machining operations to bs performed on the

readomes, specifically to maintain the thicknoss tolerances,
were directly dependent upon the degree of concentriocity of the
shape.

The shape was set up in the lathe using the fixtures
designed for this purpose. The degree of concentricity c?f
the shape was then determined by an Ames dial reading to
one-thovsandth of an inch. This was repeated at one inch
intervals along the entire length of each shape.

in the course of collecting this data cerctain in-
oonsistancies indicatod a common rumout condition on all
three shapes. Therefore, this led tc an examination for
ecoentrioity of the mold used to fabricate the three snapes

in question.

This examination indicated that thers were inaccuracies

in the mold. The degree of eccentriscity found in the mold
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was the cause of the largest portion of the "runout" found
in the radomes.

Upon further investigation to find the cause of thi:s
runout in the mold, it was found that inaccuracies in the model
from which the mold waes made, were the origin of the diffiocul ty.
To eliminate a recurrence. of this condition in the future,
it was planned to use an accurately machined aluminum model
in place of a plastet model,

This method is being used to make the models for shapes,
Dwg. No. 4O4{03)-5 and No, 4O4(03)-7. (Ses Figs. No, 2=§ |,
and No, B=9).

D, Testing of Radome Materials and Shapes

Wave guide samples were prepared and submitted to bdoth
the Naval Air Development Center at Johnsviile, Pa, and the
Raytheon Manufacturing Company at Waltham, Mass, The results
obtained from Johnsville, Fa, indicated that the material had
the following oroperties: |

Dislsctrio Constant 6,13
Loss Tangent 0,0045
Tested at a frequency of 9375 megacycles.

While it js really premature to discuss performance cf

any shapes made to date, some data have been obtained from

two fired shapes taken to the Naval Air Development Center
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at Johnsville, Pa, Although these h2d not besn machined
in any way and no effort had buen made to accomplish any exact
thickness, the laboratory at Johnsville have been kind
enough to give these shapes the usual test for boresipght errors.

These were pointed ogives of the shanpes shown in Dwg. No,
4oL (03)~1, (Figs. B-2 and B-10), The main difference hetween
the twc shrnpes was in their thickness, Shape No. 1 measured
0.237" in thickness close to the base and shape No. 2 measured
0.193", 1In all probability this thickness increased toward
the nose, Plans wero mada to determine the thickness variation
by cutting up these shapes arter all useful data have been agdbtained |

The thicknesses of both pieces tested (maasured close to
the base) were considerably lower than the optimum thickness
for low reflection. This was calculcted to be approximately
0.260",

Snape No, 1 showed s maxiwmwm daflection of 12-16 mils
for an antenns rotation of about 14-16°, The maximum rate |
of change of seam deflection was about ,06 degree per degree,

The percent power %4rarsmission varied from 774 Jor 0° to !
G4% for 20° azimuth angle for horizontal polarization and
from 75-1/3% for 0° to 56% for 20° azimuth angle for vertical
polarization,

Shape No, 2 which was, in thickness, somewhat farthep
from the optimum for low reflection gave slightly greater

deviations and considerably lower power tranamission,
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Sketchy though these results are, it seems worthwhiile
to attompt to get ths meximum amount of information from thom,
Accordingly, it is planned to cut up these shapes &nd
measure thickness as a function of position, It is felt thet
all of this information will be useful in svecifying shapes and
thicknesses as soon as it {3 nossible to control the manu-
facturing nroacesses to tne tolerances expouted,

E. Correlation of Particle Size Distribution with Firing
Shrinkage In a Caramiv Whiteware Compositioa,

An investigation was made to correlate particle asize
distribution with firing shrinkagc., The correlation was
established using classified fractions of pre-vitrified
ceramic whiteware material, A two component system was selected
with a ratio of 0,01 between the smallest, 0,4 mi.ron, and the
largest, Ll micron, fraction, The firing shrainkage on cast
samples was readuced oy apbroximately 50% when a ratio of 654
large to 35% small fraction was used, This comparison was
based upon the firing shrinkage obtained when 1007 of ths

small fraction was used, (See Appendix)

V. Future ¥ork
In general an effort will be made to improve each
phase »f the operationa necessary to produce radome shapes

within specified tolerances,

-
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The following specific modifications to the described
procedure will be incorporated to achieve this result,

1, New molcda will be constructed using precision machined
metal models in order tc cstadblish a condition for minimum
eccentricity of the shapo,

2. The present machining procedures will be supplemented
with the development of the techniques noecessary to machine
the inside as well as the sutside of the shape,

3, The test equipment, necessary to check the uniformity
and roproducibility of the dielectris nroperties of the

material under similated operational cdnditions, will be procured

and installed,
The reason for the »iroocurement of tiils equipment was
based on the following considerations:

(a) In the performance of radomes it is Jjust as
important to control dielectric constan? of the materiul from
which the radome is made, or, more precisely, the square root
of the dioclectric constant must meet the same percentago
tolerances as the thickness, if d/A is to be held to some pre-
dotermined value,

(b} Such equipment would prove helpful in predeter-
mining the effects of temperature changes on the dieledtric

properties of the radome material, The actual testing

- -
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conditions would be made to simulate actusl operating conditions
through the atmosnhere, & microwavo Dielsctrometer iz baing
considered for this purposo,

4. Now Shapes Dwg. Lo, LOL4(03)=5 and Dwg, Ne, LOL(03)-7
as shown in Piga, B-8 and B-9 respectively will be fabricated

f~r testing and aevaluating, incorporating the new techniques
described above,

5. The testing of the new shapos will be condusted with
the cooperation of various orzanizations oequipped tc make

the testa, ‘Ine evaluation of theo test results will be made

by the personnol assigned to this group,
(a} Tho first objective will be to attain maximum

cransmission, |
(b) Whon maximum transmission has beon attained

other parameters will be adjusted to minimigo beam deflection,

Nl = eicry v- - 5 k
. S
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CORRELATION CF PARTICLZ SIZZ DISTRIBUTION WITH

(' F#IRING SHRINKAGE IN A CCRALIIC WHITEWARE COHPOSITIQN‘

Williem A, Contardl and George J, Hund

P 7g

Lbstract

P

An investigation was made to correlate particle size dis-

tribution with firing shrinkage, The ocorrelation was esta-
blished using classified fractions of pre-vitrified ceramio
whiteware material, A two-component system was selected with
a ratio of 0,01 between the smallest, O,4-micron, and the
largest, Li-micron, fracticii, The firing shrinkage on ocast
samples was reduced by approrimately 50% when a ratio of 65%
large to 358 small fraction was used, This comparison was
based upon the firing shrinkage obtained when 100% of the

(j} small fraction was used,

Intreduoction
The extent and variations of firing shrinkage of ceramic

compositions have long been a matter of concern ’.a the ceramio
whitewares industry, The condition has been intensified in
recent years, because of the ever increasing demand by industry

and soience for closer dimensional tolerances,

In an attempt tc winimize the effect of firing shrinkage,
a pre-vitrified ceramic material was selected as the basic

material in a composition, However, the initial results

l1fuper presented at the SSth Annual Meeting of the American
Ceramic Society, Whiteware Division, April 29, 1953, New York City,
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using a pre-vitrified material indicated firing shrinkages
similar to those a:perienced with esguivalent raw materials,
Therefore, it was decided to investizate and attempt to correlate
particle size distribution with firing shrinkase using the con-

ventional slip casting process,

Literature Survey
A suvrvey of the literature inl.cated that the particle

size distribution greatly influences the varticle paocking,
Westmanl showed that particles of uniform shape and size

will pack to a minirmum of 388 voids, stating, "The closeness
of packing of very large volumes of particles of uniform shape
and size is irdependent of the size of particles, provided
electrostatic and air-film effects are negligible.," However,
when a system ocontains various sized particles, the smaller
ones will pack in the voids created by the larger ones, This,
obviously, reduces the percentage of voids in the system,

Furnaoz

pointed out that two, three or four component systems
nay be used to reduce the percentage of voids, He devised a
system whereby the ratio between the particle size diameters
determined the number of components needed to .ninimize the

: .E.g. Westman and H.R, Hugill, "The Packing of Particles,"
A

A
J.A.C.8. (13), 767, 1930.
o
2

.C. Purnas, "Grading Agpgregates,” Ind, Eng, Chemistry
3, 1052-1088 ’

2
» 1931,
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percentage of voids in a system, See Figure u.3

Discussion
The basic material usod in this investigation was a pre-

vitrified ceramic whiteware r-terial, which was ground wet in
a conventional ball mill, After a presacribed milling time,
the suspended portion of the charge was syphoned off and dried.

The remaining residue was analyzed. This analysis indicated

little particle size Gistribution between Ll microns (325 mesh)

and 3 miorons., The major distribution was confined to & renge
of 3 to 0,4 microns, See figure 1 and Table 1,

It was decided to use Furnas's findings as a basis
for this work, Because of practical condiderations, a two
component system was selected with a ratio of 0,01 between
the smallest cnd largest particles, Forty-four microns (325
mesh) was selscted as the upper 1imit because particles larger
than this would prove difficult to suspend., Four tenths of a
mioron was selected as the lower limit of particle size be-~

cause of grinding limitaticns,

Brocedure

In order to obtain the two components needsd fcor the

system selected, wet and dry grinding were found necessary,

> Reproduced from J.M, Dallavalle, "Micromeritics" Fig, 33,
v. 137 Pitman Publishing Corp., New York 1948, 555 Reprinted
by permission.
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This produced two composites, from which the clessifications
were mcde, The fine (0.4 micron) ranzc was obtcined from the
wet milled composite and tho coarse (44 microns) rango from
the dry milled composite, This produced a mexirum yield in
ecch case,

The wet milled commoeite was produced by tho afora-
mentioned method, The dry milled composito was produced by
milling the pre-vitrified coramic material dry, in the same
mill for six hours and acreening the residue through a 325 mesh
screen, That materisl which remained on a 325 mesh screen was
remilled, while the materlal which nassed through a 325 mesh
screen wus used as the dry milled composite,

Two methods of classification wers considered by whioch
the wet and dry milled composites could be separated into their
component fractions, Thoy were (1) elutriation by water and
(2) classification by air,

The ma jor disadvantago o the first method was the pre-
dominating tendency for the formation of ag.lomerates due to
drying which were not easily broken down, This condition wes
in evidence in the wet milled composito, See Figure 1. There-
fore classification by eir was adapted in this work.,

The individual fractions were then analyzed by using the
Casugrande hydrometer method,u with the long arm centrifuge

4 F, H. Norton cnd 8, Sfeil The Measurement of Particle Sizes
in Clays" J.,A.C.8, (21) 89, 1938,
- T ’
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adaptation,

In this method, the amont of suspended material is detcr-
mined at any one time by the speclfic gravity of the susponsion
08 measured by o special hydrometer bulb, A 3spccisl centrifuge
has been develovned and adapted to tho method to accolerate
the settling rate of narticles bolow 1 micron in diametor,

Uaing this method, acourate measuremonts are possible
down to 0,05 mioron,

Figures 1 and 2 and Table 1 illustrate the particle
size distribution of each individual fraction of both ocomposites,

Individual batches of casting slin were prepared from
ench of the composites and from each of their oclassified
fraotions, The base composition (weight basis) oonsisted of
99% of the nonplastic pre-vitrifiod materiel and 1% of bentonite,
The water and other additives were kept constant in all casocs,
in order to get a true shrinkage comparison, The onasting slip
made f:rom the coarse frauction of the dry milled ocomposite was
designated "A", The ocosting slip made from the fine fraction
of the wet milled composite wes designated "B", Casting slips
"A" and YB" were thon blanded together in varying proportions
based on the weight of the individual slips,

Round test bLars 3/4" in diameter and h“ long wore cast

from the casting slips prepared from each of the composites,

= o oo . EIREERIRY A= SsEvew
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fractions, and blends, Small cones wore drain cast {rom the
casting slips which had the better ccsting propertios. The
test specimons wore dricd and fired to vitrificction in a
small gas fired periodir~ kiln, The degreo of vitrification
was dotermined by tho standard moisture absorption tost, The
specimens having .02% or less moisture absorption weore con-

sidored dense,

Results

See Table 2 for tho characteristics of the sample batches
in the various stuzos of fobrication,

l, Casting Slip Pronerties

Generally, the blending of casting slips 'A" cnd "B"
produced bettor cas%ing slip properties than eith-r of the
end points alone, For examplc, the casting slips which wore
prepared with s high concentrotion of fine particles, such

as the wet milled fino fraction, wero characterized by a

gelling tendeucy upon standing, On thoe othar hand, the cascing

alipé preparced with a high concentration of large pcrticies,
such as the Dry Milled coarss fraction, oxhibited a slizht
settling tendency., Whein blended together the detrimental slip

properties of ond points "A" and "B" were completoly wliminatod

indicating a complementary action of one for the other,
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2, Drying Propertics

Tho scmnles propcred from tho trinl casting slips dried
satisfoctorily, Some differences were observed in the drying
rates of the samples cast from the various slips, For example,
samples prepared from the 707 coarse and 30% fine particie
sizes drlied at a siower rate than the sammles cast from the
other elivs, This condition is believed to be caused by dense
particle packing, reducing to a minimum the capillaries through
which the weter might travel to the surface. The slips with
hizh concentrations of large varticles (excmple: 76.4% A +
23,65 B) had low drying shrinkage and were difficult to re-
lease from the molds, The slips with the hish concentration
of fine particles (exacmple: wWwet milled composite and wet
milled fine) had high dry.ng shrinliage cnd released easily
from the molds,

3. Handling Properties ip the Dry State

The specimens cast from the 8lips with high concentrations
of small particles (examnle: wet milled composite, wet milled
fine, dry milled fine fraction) were difficult to machine,

The test samples chipped and fractured when cut by an abrasive
wheel, The same samples could be ground easily on a felt pad,
The specimens prepared from the blended sasting slins handled

satisfactorily and indicated good machining nroperties,
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4. Fired Shrinkape

The firing shrinkage changed subatantially with varying
proportions of fine tu coarse material, see Figure 6,
Generallv. tne shrinkaze wac reduced by increases of the
coarse rraction at the expense of the fine fraction., However,
8 1imit was established at 307 fine and 70% coarse blend,
Larger pvercentages of the coarse fraction resulted in increased
firing shrinkage, This substantiated the findings of Furnas
and Vestman,

The discrepancies in the firing shrinkage of the wet milled

e e e At e e e e . . e e, A S— S M 70 7 4 6%

composite is believed to be the result of agzlomerates formed il
in drying the wet milled composite slurry, It 1s evident that
(T\ the anglomerates do not break down in the casting slip, but

remein as such with excessive voids, During the firing, how-
ever, the fine particles comprising the agzlomerates act
individually and bdbreak down causinz increased shriniage such
as is shown in the table (see Table 2),

S. Firing Range

In general, the firinrg range is incrensed by the fineness
of the particle, The specimens which contained large percen=-
tages of fine particles (example: we: milled composite and

wet milled fine fruction) became densc at a lower maturing
temperature than those containing the larger paxrticles,

However, the upper limit of temperature remanined constant for
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all samples, All of the test specimens indicated tendencias
to overfire at 2300°F with 1/2 hour soak when fired in a
laboratory gas fired kiln,

6, Texture

In genaral thoe finer the particle, the smoother tr-~
texture of the firod spsoimen, However, smooth fired texture
was obtcined also when optimum particle nacking was achieved
(example: 70X A and 30% B blends).

7. A4ppesrsnce

Electromagnetic separation beneficiated the appearance
of the samples in that it removed tromp iron which entered
the casting slip a«t various stoges in the processing of the
pre~vitrified material, Visual improvements in appearance
wers avident especlally in those bodies containing larger

amounts of coarse material.

Conclupions

The results prove that there is a ccrrelation between
~iring shrinkage and particle size distribution, A reduction
of 508 'n firing shrinkage was realized by using & two
component system of particles whose diameiers bear the reatio
of 0,01, the smallesat to the largest.

In earrying out this work certoin information, important
end relative to the process, has been gained in addition to
establishing the correlation, This includes the effect of
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