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HICRDCR&STALLINB MATERIALS ON A GLASS BASE,
TEEIR PROPERTIES, AND FIELD OF APPLICATION
. vy

K. T. Bondarev

Microcrystalline materials on & glass Dase are obtained by means
of their complete crystallization. ‘They have better properties than orig-
nal glass--greater mechanical streﬁgth. better heat resist#nce. higher soft-
ening temperature, and greater hardnese.

The production of microcrystalline materials from giass by means of fu-
sion of natural minerals, or their mixtures, with subsequent crystallization
of the articleg--"gtoneware casting"--hsg been known for a long time. The
production of synthetic microcrystalline materials from glass began to be de-
veloped comparatively recently. However, it has already attained considerable
development,

Microcrystalline materials from glass in the USSR came to be called "si-
talls" and in the USA "pyroceram," The "sitalls" generally are opaque,
although in recent times transparent materials have been obtained.

According to Tamman [fi;T the process of crystaliization is characterized
by the rapidity of the growth of crystals and the rapidity of the formation
of centers of crystallization. The problem of the original stage of the
formation of cry7ta111ne nuclei up to now has remained unsoilved ifé;i. -

In the opini&n of Kuznetsob[%_f the formation of nuclel of crystels in
a supercooled liquid (glLass) occurs in the following form., In fusion tke
molecules are 1n‘constant.thermal motion. With the lowering of the tem-
perature the kiﬁatic and potential energy of the molecules diminighes. The

molecules of the liquid,which have kinetic enors& that is considerable as

FD-TT-63-209/1 ¢ 2 1



compared with t he molecuies of the crystal, cannot form a stable aggregate,
and each random accumulation of molecules which has formed as a resu}t of
the thermal motion rapidly decomposes. With the lowering of the temperature.
and consequently with the diminishing of the kinetic energy of the molecules,
the accumulations of molecules which have been formed become more stable.
Therefore at some temperature the gppearance ©0f crystalline nuclei becomes
p;ssible.

With the lowering of the temperature of the supercooling of the lig-
uld (glass) the forcesof friction increase, the movement of the molecules slows
down, ana the formation of nuclei of crystals is made more difficult, but the
nuclel of crystals formed have greater stability md cease to decompose into
separate molecuiea. If thig taltes place in the adsence of extraneous par-
ticles the process is called homogeneou® formation of centers of crygtalli-

zation. 1f, bowever, the centers of crystallization of the new phase are

b’

formed on the surface of materials the chemical composition of which is dif-
ferent from the chemical composition of the new phase there occure thé proc-
ecs of heterogeneous crystallization, or the process of the formation of
crystals in the vresence of catalysts. The process of homogeneous forma-
tion of centers of crystallization in glasses ie made difficult mainly from
the extremely slow rate of formation of nuclei [f5_7; However, 1t 1; known
that almost anf glass can crystallize on the introduction into its comypo-
sition of a small amount of catalysts.

In the cooling of glass which containe a catalyst down to a certaln tem-
perature, from the varticles of the catalyst there are homogeneously formed
nuclei of cryatals which are vroduced svontanecusly in submicroscovic form,:
Afler repeated heating at a certaln temperature in the course of a certain

veriod of time around the centers of crystallization formed there occur
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heterogeneous formation and growth of crysfalo of the main components of the
glags.

The process of the formation of centers of crystalliation also can be
induced, as is the cao; in 115ht-sensi£1ve glasses, by means of effects on
the cooled glass through gshort-wave (X-ray or ultraviolet) radiastion.

A quantum of light, in interacting with the glass, either excites an
ion of silver, gold, or covper (reaction a), or ionizes it (reaction b) with

Ag+hv (Ag+). (a)
Agt e 5)

the formation of a free electron

In the process of heat treatment glass the electrons, knocked out by
the quantum of active radiation, neutralize the ion of silver in accord-

ance with the reaction , .
Agt +¢” = Ag° + hvip i<V, ()

The neutral atoms of silver associate and form centers of crystalliza-
tion.

The catalysts of crystallization should be dissolved well in the glass
at boiling and processing témperatures, and dissolved badly at lower temper-
etures. The catalyst should have great free energy of activation of the
homcgeneous formation of nuclel of cristals from the fused mass at low tem-
veratures. The lons or atoms of the catalyst should diffuse in the glass‘
at low temperatures more rapidly that the main components of the glass.

'Fbr obtaining an effective steeping the int' rsurface ehergy between the
glass and the crystals of the catalyst should be small. And finally, the
crystal structure and parameters of the lattice of the catalysat crystals
and of.the muclet’ of the crystalline phagse should de ;;_;iﬁse to each other
as pOsgible.

According to the researches by Mauer th_T the minimum size of 4 crystsl
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of gold capadble of catalysing the crystallization of lithium silicate in
light-sensitive glasses amounts to 80 R (about 10,000 atome). According to

_the data of Stukie 175_7 in crystallization there are formed from 107 to
1015 crystals for 1 mm3 of glass. With simulteneous formation and growth
of such & number of crystals there is asgured full crystallizaticn of the
glass. .

As a catalyst'one'useg fluorine, light-sensitive admixtures (gold. sil-
ver, copper) titanium oxide, vlatinum, oxide of vhosphorus, iron and magne-
sium sulfides, etc.

At the vresent timé the obtaining of microcrystzlline materials on a
glass bage is being done in four bdasic directions, As a catalyst of thg
crystallization one uses fluorine, light-gensitive admixtures (gold, silver,
copver), titanium oxide, énd iron and manganese eulfide.

Microcryetalline Materinls on a Base of Fluorine Glasses These were

firet obtained in 1954 in the Scientific-Research In;titute of Construction
Materials in>Ruman1a., In 1956 analogoue ﬁaterial was obtained 1h the exver-
imental shop of the Avtosteklo Factory. In Rumania this material was desig—
neted as "porcelain from glass' and in the USSR as '‘glass porcelain.“ '

The chemical compositioﬁ of the glasses thch are the base for obteinirg
g€lass porcelain correépondfto~the~system SiOz-—Alzoa--MgOu-CgO with the.adf
mixture of a ;mall amount of alkali as fusing agent and fluorine aﬁ catalyst
of the crystall 1zation. |

Glasses qf tﬁis system should crystallize with high viscosity (minimum
1019-1911 voise), which excludes deformation in the précess of crystailiza-
tion,

It has been estahlidhed‘LfS_T that in the given case there occurs a

heterogeneous crystallization of silicates on crystals of fluorides, brougs .t
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about, sovvarently, by the closenese of tane constunts of their crys;alline.
lattices, ana esveci~lly by the equality of the ion radii of Ox&,en #ndl
fluorine, '

For obtuining glsoe vorcelain one urcs glage o the follpw;ng chenical
‘composition ¢ §10pm-55--58, AlyOg--lie-ld, Ho0--7--10, CeOm-12-15, N Oo§er 6,
and fluorine—-S--?% {above 10G%3). |

For introducing the fluorine into the glasses one cﬁn«ﬁsé fluopépar,
fluosilicate of sodium, or cryclite. The terperature of boiling and clari-
‘fic&tion of the glags is 1,450—1,470°%, 4after srusing tre article 1t is éub-
mitted to firing, anc afierwards ts crystallizatior. he ﬁrocess of fifing
and crystallization car be combined anc accomrlished in one,aggregate.: Thc‘
difficulty of tﬁe process of crystallization cornsists in the fact thét O;ig-
inul glass ﬁas‘a softening temrerature of 550--6509, and thé-;rystailization
takes vlace in a temnerature intervil of 756--907°.

For vreventing deformation of the articles in crys:al‘izgtion Qne uses
the graduated curve of crystsllization (curve 1, Piz, 1), whl;h aIlon one %o

crystallize an article without change in 1ts form. Tie escerce of this troce

ess consists in the fact that in keeving the glass in tie first stage trere

t'c - ) are Tormed in it cryst;ls‘which
1000 S
[ \ P reinforce the mass of gluss,
800 7 N > S :
600h‘! \7 ’i)<"" ‘\\\\ anc this mnkes it more statle as
Y\ Ny :
600r! 4,)(’ \ ¢ against deformation in heatinz,
/ \ N2 \\\ , ‘ SN
200 . 3 N In the seconu stage there cec-
4 . \ N\ | !
2 \ o \\ N ocurs the fU1l crystallization
5 0 15 20 vac -

. of the zlass,
Fig. Temperature curve of crystallization

The vrocedure accorcinz to
of glass vorcelain of the composition 00253
curve 2 enablec one to obtain

glass vorcelain of the composition G253 with the very best preverties.
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Individual articles less subject to deformation b cause of their spe-
cial form'and'dimeniions can g0 through the crystaliization prbcess according

Table 1

Original glass

Desigﬂation‘of propertiéé ‘ for glass porce- Glass porce-
) : ' : ! lain 00253 }ain 00253
!
Coefficient of linear expansion X 10-7 at
lo0e-800 70 - 68

Bending strength, kg/cm?  350--400 800--1200
Impact strength , ' | 1l 4
Reat stability, ©C S | 10 250--300
Temperéture ofAsoftening; °¢ 500~~550 900
Microbardness undér load load 100g, kg/mn’ - 752

£§ curve 3 with a miﬁimum.of expenditure of time in the crystallization. The
keeving of the glass at a tempefature of 900° during the course of 10 to 15
rinutes is eufficiénx fbr fuli crystallization of the whole mass, even in

thé cage where the thiéknéés b£ the'valls of the articles is 30 mm,

The glass poréelain of the Avtosteklo Factory of the composition 00253
has afuhiform fine;crystal structure (Fig.'Z). In.Fig. 3 there is shown
an Xpray vhotograph of theAsgme composition of glass vorcelain taken in the
- structure lgborétoryloflthe Avtosteklo Factory.

Glass‘éorceiain ané gfticléa'made of it poeséss high mechenical strength
unc heat stability, Comparégive data of the properties of the original zlass
and glase porcelain of the -compo'sition‘00253 produced by the Avt§steklo Fac-
tory are shown inm Tadle I,

0¢ #ll the known microcrystalling materials glass vporcelain proves to be

the cheapest. It can bde made from abundant raw material, Out of glass por e-
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about, apparently, by the closeness of the constants of their crystalline
lattices, and especi#ily by the equality of the ion radii of oxyjen end
.fluoriﬁe. | ‘

. For obtaining glass porcelain one uses glass of the following chemical
composition : S102--55--58. A1504--14--18; Mg0--7--10, Ca0--12--15, Na 0--5--6,
and fluorine--5--7% (above 100%). |

vFor introducing the fluorine into the glasses one cun use fluorspér.
fluosilicate of sodium; or cryolite. The terperature of boiling and clari- '
fiéation of the glass is 1.#50;-1.b70°. After shaping the article it is sub-
mitted to firing, and aft;rwards to crystallization. The process of firing
and crystallization can be combined and accomplished in one aggregete. Tre
difficulty of the process of crystallization consists in the fact that orig-
.inal glass has a softening temperature of 550--650°, and the crystallization
takes vlace in a temperature interval of 750--90C°,

Yor preventing deformation of the articles in crystallization one uses
the graduated curve of crystallization (curve 1, Fig. 1), which allows one to
crystallize an article without change in its form. The esserce of this oroc-

ess consists in the fact that in keeving the glass in the firet stage there

tc - ' . ~are formed in it crystals which
1000 .
.800’ '1'4\'\\ //\ reinforce the mase of glass,
' \
aw./! \ )4’—” ‘ ‘\\\\ and this makes it more stable as
B * ,
o] N \
<00 ! ,/)(’ \ ' ! against deformation in heating.
/ \ \
200 '-/ \ 3 \’2 ~ In the second stage there oc- -
y N .
ol \ LN 1 N} curs the full crystallization
: j 0 17 20 Yac :

, : of the glass.
Pigz] Temperature curve of crystallization

‘ The procedure according to
of glass vorcelain of the composition 00253
curve 2 enables one to obtain

glass vorcelain of the composition 00253 with the very best proverties.

FTD-T7-63-269/1 ¢ 2 : 5



Individual articles less subject to deformation b cause of their spe-

cial form and dimensione can &0 thrpugh the grystallization process according

Table 1
X
‘ S Original glass
Designation of properties - for glass vorce- Glass porce-
. L ’ ~"lain 00253 - .}ain 00253

_Coefficlent of linear expaﬁqion X 10°7 at

100--800° . 70 | 88 .

_Bending strength, kg/cm? = | : : 350;-400 800--1206
ImpactAstrenéth - ‘ : . 1 '
Heat stability, °C | B 40 | 250--300
Temverature of softenihg. °C" . , 500--550 . 960 -
Microhardness uﬁder 1§ad lpgdAIOOg.4kg/mm2 - , 752

to curve 3 Qith a minimum of expenditure of time in the crystallizationm, ‘TheA
keeping of the glags.aﬁ a temperature of §00° during the course of 10 to 15
minutvg is sufficient fo: full.cryatailization of the whple haas. evehiin

the case where the thickness of:the walls of the articles is 30 mm.l

The glass porcelaih:of‘the‘Avtpsteklo Factory of the cbmpbsitfbn”00253A
" has a uniform fine—ér?stal structure (Fig.‘2). In Fig. 3 there 1is shown
an i—fay photograpﬁ of fhe aaﬁé composition of glass vorcelain taken in the
structure laboratory‘of the Avtostéklo Factory.

Giasa vorcelain and articles made of it vossess high mech&nicalustrength‘
anc heat stability. Comparative data of the properties of the §r1g1na1 zlass
and glass norcelain of the composition 00253 produced by the Avtosteklo Fac~
tory are shown in Tadle &,

0f 1l the k50wn microcrystalling materials glass vorcelain proves to be

the cheapest. It can be made from abundant raw material, Out of glass por e
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lain one can m@ke fléér ﬁlabﬁ. Qall panels &nd slabse, stairsbepc; window
aills.'partitions; rdofing'mayéria}a and other things. Articles maée of

glass norceliin have & trosty—white color._und they maay be colored over

the mhol» mass or be etreaked e 1n the case of marble. Since it has nigh r.
mecbanirax etrensth and better aielectrzc nroperties than po*celain. glass
porceLnin is'worth considering when 1t comes to making all tyves of ingulators.
esnncially such as require high mechanical strength,

Comparative date of
the properties of insula-
tors made of glags porce-
lain of the coméosition
00253 And of porcelain of
the the Slavyansk Insula-
tor ¥actory are given in
Table Z,

The use of gluss

-porcelain for making in-

18, 2. Nicrocrystalline structure of- glass porce=

sulators makes 1t.pOssihie
-lain of the cOmnosition 00253 (X 300) : ‘
to sutomate the process
of produétiqn. out of glésé porcelain it is possidble ,to muke tubes that
are heat-resistant and resist the action of chemicals as well as vessels for
‘evéryday-aﬁd 1gb6ratory use and parts of machinesg subject to‘attritibn and
which work in corrosive media and at high temperatures. ' Glags porcelain is:
suitable for making press forms, used for molding plastics under vressure,

low-ralting metals, eﬁc.'

"$itslls” on the Base of Light-Sensitive Glasses These represent fine-

<w—m- —— WPp— -——— .

ery:t:l materials on ﬁhe base of glasses of the.eystem Lizo--51203--s102.
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which give after crystallization the minerale: J-spodumene (L120-A1,05-4810,),

‘ﬂ-eucryptite (Lizo-A1203i28102). disilicate and metasilicate of lithium, or a

80144 solution of these minerals,

As catalysts of the crystallization one

uses insignificant additions of gold, silver, or covver,

,(See page 8a for fig. 3)

Pig. 3. X-ray analysis of glass vorclain of the

composition 00253

AC2S--anorthite; NAGS--albite; CM2S--diovside;

MS--enstatite

The founding of the
glass 18 done at temper-
atures of 1470 to 15500,
Articles are formed by
casting, pressing, blow-
ing, centrifugal cast-
ing, etc.

After firing the
articles are subjected

to the action of ultra-

violet or X-rays. In
Tadle 2
, Unite Technical Indices
Proverty of

Meagurement |Requirements |Glass porcelain Porcelain

Dry-discharge voltage kv 60 62--65 60=lt

Microdischarge " kv 34 35--36 35eu3?

Puncture " 94 78 | RO~-85 : 33_-35
Brealdown 1oad v 1400 1600--5900 | 1%0D--2500

the vrocess of radiating around the atoms of silver, gold or comver there =re

formed sudmicrosscopic centers of orystallization, he radiated ginss under-

gor: crystallization at 800 to 1150°,

The vroverties of crystalline materials nrejared in the USA are givnﬂ
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in Table 3,

Tab

1e 13

Pyroceram 9606 | Pyroceram’
Designation of properties of Corning Com= | 960R of
‘ vany, U. 'S, A, _same commAny,
Specific weight at 250 2,60 . 2:50
Temperature of softening, °C 1250 1256,
‘Coefficieﬁt‘of Linear exnanaibn;}x 10~7 57 . 7
Dielectric éqnafant at frequency 1010 cos:
| at 259 s.usl 6,71
" 3000 5,51 -
" -500° | _ 5.53 --
Coef“icient of,dieiectfié losses at frequgnéy '
| 1019 cos: | | T
Cat 250 "j 0.0r033 --
" 3000 | 0.00075 —
o 5dn9 0.00152 --
Resistance to breakdpwn..kg/cmz‘ 1L0n

111 600

On a base of light-cenqitive glasses there ware obtained there were od-

tained “sifalls.", The usé'of.the iight-sensitive glarses mﬁkqs 1t vossidle

to obtain photogrﬂphic images. 'Reliéf images are obtained by means of etch~

ing in fluoric acid light-éensitivg glass after radiating by Y-rays or ultra-

violet rays and heat treatment; When tris is done the crystallized nart:

etches away faster than the basic glass.

*he "photosital" 1s used widely in . vorinting systems and pypberaphic eli- .

ches, in radio electronics, in the form of micromodule nlates and como!icated

forme with ovenings, for microphotography of valuable booke snd drawines which

hava to be preserved a long time without damage, for producinz plates ~ith »
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a great number of holes (5=-10 thousand holes ver cmz), for making varts in
color television, etc, ‘

"Sitalls” with a Catalyst in ihe Form of Titanium Qxide.  The "Sitalle’
or ﬁyrocerameiin which the centers of crystallization are formed with the aid
of titanium oxide repreaqnt microcrystaliine materials ohtained on the hasis
of glasses of the following systems:

1150—A1,05— 510,

Mg0 —A1,03—510, -

Ca0 —-Mg0 —A1,0,—510,

»Thé lithium-aluminum-gilicate coﬁpoaitionc after crystallization give
p-spodumene (L;ZO'A1203-bSiOZ) And Peucryptite (Lizo-A120,-281o?) or their
solid solutions. ' |
"Theaé'compositiops £ind application for making microcrystalline materi-

als with a low exvansion fac@or.

The magneaium—aluminuﬁ compositions after crystallization zive‘main]y
solid solu@inns of éordierite.QZWgO-ZAIZOq-SSIOZ) and rutile ( 10,).

Pyrocerams on thé'baae of magnesium—aluminum—silicatg composritions prove

‘to_beAcheau aﬁd to have Qery gpodzbrpsbects. They have greater m?chanical
'Qﬁrength, high;temperature-atapility, and good radio-technical propertiea.
| Pyrocera;s on a cordierite base have already found appliéatiog and will
.be psed mdre'widely in coﬁstructtoﬁ-workT—radiolelectronics. eiectrica1 en-—
gineering;and machine ﬁuildiné. | | ' |
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HIGH-STRENGTH CERAMIC MATFRIALS YOR HIGH-VOLTAGY INSULA™ORS
by
S. M, Rozintsveygz and Kudrina, S. A.

(Leningrad Branch of State Research Wlectroceramic Institute)

In recent times at insulator factories that tbefé,have been tried out for
the making of high-vnltage insulators some new high-s‘rength ceramic materials:
zirconium (Te-35), ascharite (B-4L4), and corundomullite (K1 and No. 133).

‘ The basic vhysicotechnical characteristice of these materials obtained dy the
.!actory Proletariy [Sroletaria§7 and also of high-voltage phosphorus are
given in Table 1. The materials Ts-35 and B-44 have not found application
in industry due to their scarcity and the high coust of the raw material
{(material Ts=35), and also because of a mumber of technological difficulties
(preparation of sintering, comolications in firing in connection with the
narrow interval of the sintered state for the material B-iLk, and others).

From the material XM-1, which is characterized by the highest mechan-
ical strength at the Factory Proletarly there were vrevared insulators for
air gswitches carrying 500 kv with test vressure 90 ~nd 80 ke/cmf,

In view of tﬁe difference, both as to the charging and the granulometric
composition of the mass KM-1 from high-voltage porcelain, the technology
of the making of articles from it proved to be consideradly more complicated
than making them out of porcelain, In worlring with the material RKM-1 it is
necéssary to observe very precisely all technological paramaters,

The deviations in the processes of drawing, dryinz and firinz ot articles
result in scrap conditions in the form of a crack (in the semimanufacturaed
article), underfiring, and deformation in firingz, Therefore the mass WH-1
has not found wide use for making large-dimensioned, hizh-voltaze insu-

lators,



Trying out in production has shown that the technology of making articles
out of the mags No. 133 is fully the same as in making them from the ususl
vorcelain mass., The scrap in drying and firing in this case ie insignifi.
cant, The mecﬁq’nical strength of the articles from mass No. 133 is 1.5
higher than that of articles of porcelain mass. Bracket insulators from the
mass ﬁo. 133 break down under lords of 2,500 kg, and those of porcelain under
loads of 1,500 kg. Insularors for air switches under 500 kv (factory Wo.
IP-856) sustain a test vresgure of 80 to 100 kg/cm?, The material) ¥o. 133 now
is being made use of by the Factory Proletariy for making » wide assortment
of articles with high mechanical strength,

The Leningrad dranch of the GIMKI investigated a materia) with a hirgher
quartz content snd porcelain dody, and with revlacing them with fired kaolin
and a.iumina, és well as with a more thinly ground mass (0.5% o0 residue in
sieve No. 006).. The results of this work are ziven in Tadle 2, ™hey show
that the mechanical strength increases with a decrease in the coarseness of
the grinding, and with a residue of 0.5% on the sieve No. N06 1tr eaches
1,000 xg/cn?, With the increase in the amount of guarts up to 38%, md of
porcelain body uv to 16%, the mechanical strength also increases uv to 1,0nN
kg/cm?,  The introduction of alumina of the moaichuon a (80 to 9n%) en-
ables one to increase the mechanical strength dy 1.5 times as cqmmred with
high=voltage porcelain, The elecfrical strength remains at the leve' of the
High-voltage vorcelain and imoroves with the use of feldsvar with a high ratio
of Kzo..and with an increase in the fineness of the grinding.

In the vrocess of the work there was solved the cuestion 0f the indue-
trixdl obtaining of alumina with a content &= A1203 of thé order of 90%

from the Volknov Aluminum Mactory.
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The Leningrad branch of the GIEKI (State Blectric Ceramice Regoarch In-

stitute) developed a new material No, 133 with moderate mechanical streneth

in place of high-voltage porcelain for articles

heavy mechanical load,

The composition of the mass No. 133.

which Year a

The compo-

sition of the mass 133 is obtained 'By introducing into a high-voltaze porce-

lain mass 18ﬁ of alumina at the expense of taking out porcolafn hody and

vart of the quarts.

"'nb'le
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1
Material
Characteristics High-volt-| B-44 Te-35 N1 No, 133
age (ascharite)(sirconium) | (corundo - ml)ite)
porcelain

Limit of strength in

static bending

kg/cmz(on specimens .

of the diameter of

10 mm) 700--850 |14€0--1500|1350--1400 | 1600--1800|1100--1200
Limit of strength in . .

rupture, kg/cm? 250--350 400--600 | 400--600 Lop--600 | 500
Limit of strength in

impact bending

. kg/em2 1.7-=2.5 | 2.4--2.7 | 1.8--2.5 2.4~-2.7 | 3.2
Heat resistance °C

(mean breakdown

droy in tempera- : .

ture) 180 190 200 190 190 —
Dielectric oss-angle

tangent at frequen- 0.0018-- |0.025~- 0.003 -

éy 50 cps, 200 0.035--0.045| 0.0Q40 _|_ . 0.93% _ ..
Specific volumetric ,

resistance (at 100°)

ohm/cm 1014 1% hot# 1014 1004
fBrea\cdown voltagze of

electric field

kv/mm effect 25-~30 20--27 25 2~-91 25--30
Pptimun teperature 2 '

of firinz. o¢ 1280--1320 |1310--1330 | 1320--3350 |1300<-2350 |1300--1320




.Tablo 2

| Best compositions of mass, % é < At ootiwum temverature

e & Pired ;;3 =% Iy
! at Py §,

% | - E e £ G|+~ ‘5...

¢ & & ﬁ ] e= PO

(1) - (-2 J o At o

e |81t |e ; Ydex|>dede
o (= e £ - P el & B Hd “&
g B e |5 s €A b aleds do
g G B Pz tdec|3 sy
e lesle [ [35led |2 |55 2B hEd s
- i f-caoa‘ ~lE ] ™ saldqidn .
EgNE [ |3ARSET E2 2952 A HETE
a 2 F gl Ele|cAT |- | =

wlwlmwlsl sl 8] —|— |os% 1042 35.5'1300 073
Mordelie ] | s = | = |15% 950 [299)13200,72
Bos | 14| 1417 | =] 18| = |is%l 1178 |23201350{0,85
oo | 14|14 |17 | = | 31| = 26| = |L5%] 1208 |24, 1350 083
Pms | 14114 | 12| = |31 | = | = | 18 | 15%| 1270 |27.011320 095
rz | .4z 20| 5| = | 21 |15%] 1455 |30.8 1380 0,92
T | 14 14|17 | 10| 2eef 16 | — [ — |1s%| 1020 358 1320074 -
fie |18 | 14 | 17 | asslieses] — | — | — |1s%| 1os1 |283 1320 0,71

* In the comvosition I’= 12 and [T - 14 pegnatite enters in the form
of 21% of feldsvart and 8% of pegnatite.
#» In the composition [ - 16 pegnatite enters in the form of 10.8% of

feldsvar and 5.7% of pegnatite.

FTD-1T-63-269/1 4 2 /5



DISTRIBUTION LIST

DEPARTMENT OF DEFENSE Nr. Coples MAJOR AIR COMMANDS
AFSC

HEADQUARTERS USAF ' TDBDP

AFCIN-3D2 1 AFVL (WLF)
ARL (ARB) 1 ASD (ASYIM)

OTHER AGENCIES

CIA

NSA

DIA

AID

0TS

AEC

PWS

NASA

. ARMY (FSTC)
NAVY

NAFEC
AFCRL (GRXLR)
PGE

RAND

o PWWHEEDONOVOH
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