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Synthesis of Mica
Alvin Van Valkenburg and Robert 5. Pike

A synthetic Auorophlagopite mics (K Mg AIBLO,F;), in which the (OH) fons t.hapt‘ ArE

normally found in normsi mices were com

Thin materiel has ementinlly the same

ﬂm mica, arpept with pomewhat lower
e

0 be the best matarial for ho

cal anid eleatrical
ikility. To cgmw

to obtain preferred ervstal orfentstlon, whi dﬁﬁn

thermal ients, baioh wmﬁgm'tinn, sod rate of cooling,
It the bateh during the noalt,

replaced by Sucrine, hae been synthesized.
F Tiies an natural phlog-
;ﬁ' usable shests of mica,

primarily on gantrolied
tinum exugibles wers Found
Data an the phymiosl, eleo-

trical, thermal, and chemien]l propertles of the synthetla mics Are given,

1. Introduction

“Mica” is & geners] term used to describe a series
of silicate minerals thet are characterized phyaically
by & perfect besal cleavage and yiceld with case thin,
tough laminas. Commercially, tha two moat widely

st micas in the electricsl in&ustrjr sre the museo-
vita and p}dgﬁ'opite t . ‘These are important
because of their hirh dielectric strength, thin
laminas, high resistance to heat, flexibility, sud low
unit coet, No substitute has yet been found for
these minerals. Because of the strategic importance
of the hetter prades of mica and the falure of domes-
tic supplies fo meei our needs, the pessibility of
the develcpment of s synthetic mica to Taplace
natural mics in wartime hes been of preat interest.
ima for the synthemis of mica date back to
about 1330, A summ of the work of early
investigators i8 piven in F. W. Clarke’s "“Data of
geonhmnjstry”, . 3. Geological Survey Bulletin
70, 1024, *J. H. L. Vogt [1]® snslyred slags from
copper smelting in Sweden mnd reported & meg-
nesium mice, which may have been a phlogncﬁita.
Fouqué and ’Lé'-’&y [2] synthesized & mica trachyie
by heating o powdered granitic glass with water
under pressure; scales of mica were reporied. C.
Doelter [3], P. Hautefeville [4], L. P, de Saint-Gilles,
and K. Chruetechofi; [5] used fluorine compounds in
fusing varions silicates, both natural and artifieial,
and obtained micas. Later, D. P. Gripor'ev [6]
in his systematie etudies on the synthesiz of micas
demonstrated the importance of fluorine in the struc~
tare of micas,

A aynihetic fluorine phlopopite mica = not s
unique gmd}mt, as many natyural phlu?'opim micas
contain flucrine us a partial replacement ftor hydroxyl.
This substitution can be readily accomplished be-
cauga the jonic radis of Auonne, 1.33 A, is wp-
proximately the same ns that of the {OH}) ion, 1.40
A. Their resapective volumes are fluorine 9.56 and
fOH) 11.484%. F-! and (OH)™! each have 2K and
8L electrons, but F-' has one nycleus with s charge
of 49, and (OX )~ possesses two nuclear charpes,
+8 wnd -1, respectively. The unique feature of
the synthetic fluorine iloE:pita is that fluorine
ione completely replace the hydroxyl ions.

TV Tipres i brokats Indisats the itarstir: refasnod ob (O e of thiy phptt,

One of the first patenta on a procese for producing
sﬂ';'nthﬁt.ic mica by flucrination was issued n 1919 to
a German industrial mm}yaﬁy ‘of Siemens &
Helske, Cierman patent DR o. 367,637. Sub-
gequent petents wers issued to both German snd
Armerican companies, but no attempts were made 0
commercialize them, At the eonclusion of Warhl
War II the successful synthesis of & finorine miea in
Germany in la,hura.tm'i melta as large ns 100 kg was
I‘I:pOﬂﬁi}: Active work on mica synthesia had begun
in 1938 by tho Siemens-Brehuchert concern in Berlin
and waa continued under the leadership of V. Middel
until late 1944. In 1941, laborstory research on the
propertiss and crystallization of eynthetic mics was
alsc started at the Kaiser-Wilhelm Institute fur
Silikatforschung and contimued through moat of
the t;.::r ﬂT]:ua Geni:]'llan work demuns&:ated that &
tic fluorine phlogopite mice with & composi-
ann of K.Mg.;h&% could be readily
cryetallized from a melt. .ﬁ:ltlmugh the Germ
were apccessful in erystallizing a fluorine mice, appar-
ently development never renched the stats of fabrica-
tion of the miea into shapes for commercial arficles.

Data on the electrical properties of synthetic mica
obtained at the conclusion of World War IT indicated
only that synthetic fluorine pblogopite had electric
constants equal to or better than that of natural
P wibo,

en it became known that it was possible to
synthesize a fluorine phlogopite mica, Depart-
ment of the Navy, throu o Bureau of Ships and
the Office of Naval Research, and the Department of
the Army, through the Signal Corps, planned & joint
synthetic-mica p . Research contracts were
negotiated with the 1T, 5. Bureay of Mines at Norris,
Tenn., the Colorado Schogl of Mines ab Golden,
Colo., and the National Bureau of Standards at
Washington, I, C, Thease three groups have besn
working on the various problems involved in the
gynthesia of mica, exchanging idess, and at joint
meetings discusaing technical data.

The synthetic-mica research program at the
National Burean of Standerds iz part of a broad
pro of fundamental research on flucrine-type
artificial minernls, The general Igurpoea of the mica
prograin is to determine the laws governing the
growih of this minerzl and to compares the physical,
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electricsl, and chemical propertics of the synthetic
mica with thoss of its natural analogue. lora-
tory experiments were Initiated in November 1946
end continued with Bureau appropriations, as
personnel and funds sllowed, until early in 1947,
when funds of the Office of Technical Services,
Department of Commeree, permitted greater sctivity
on the project. On June 30, 1947, funds from this
gource were discontinued, Timnmft-l:r, this work was
supported by the Office of Naval Rescarch.

2. Experimental Work

Ae a starti aint in the miss~-synthesis BT
the first :;Euger!immts W ntf:lmcd n];t{;ﬂgr t-hl;
CGerman worlk s reporied in the Fiat publicationa.
A mica batch, with a compoaition correspending to
the Germen formula published in the Office of
Militery Government Fiat Eeport 746, was prepared
The hatch was sdiusted to give & final composition

of: - .
Pareentaga
‘ | by weight
Ay L. 11. 6
Mé{l ____________________ 32 6
Ay _ .. T
KSiF . . ... 25 1

A 1g semple of batch material wa2 placed in a
sesled platinum-foil envelope snd heated to 1,450
°C for 10 minutes, The wiwl then eooled at
a controlled tate of § degfmuin to 1,300° C, after
which the furpsce was cooled rapudly to room
t,aznég}amture. The sample had completely cryatal-
lized, forming small interlocking mijca crystals up to
3 mm in diemster. Individual crystals cleaved
readily into thin flaxible flakes. Impurities in the
fortn of irregular white patches or eloudy surfaces
occurred In thin layers parallel to the cleavage
directions. This preliminary experiment demon-
strated that syntheiic flucphlogopite mica, with a
composifion similar to the patural phlogepite mica,
eould ke readily cryatallized from = t. Addi-
tional experiments indicated that the major problema
involved in wing mica were: composition of
batch; control of losses by volatilization to prevent
melta from chenging compoesition; composition of
cruecible; attainment of uniform and controlled
therma] gradients within melts to give a preferred
orientation {0 growing crysialz; preveniion of exces-
give seed crystal formation at the beginning of
crystallization.

2.1. Composition and Melting Pzint
Phase determinations were made on 8 batch con-
sisting of:

‘ Percantage

i hy weight

X o 1L 79

i Mgl ___ .. 27. 99
Bl __ ... 3471

[ KSiFy .. i 25, 48

This compesition, which approximates the ideal
phlogopite formula EMg,Al5:0,F, with the ax-
ception of an excess of F;, yielded the best crystals.
In preparing the batch materiale prior to the melting
operation, eare must be teken to eliminate water
vapor and CO; from the raw ingredients, a3 the pre-
sence of these in the batch meay cause premeture
brapkdown of the fluorinating compound, releasing
fluorine probably as gilicon fluorides at temperatures
well below the melting point of the batch. The
iiuml')u;e hthus released r:dm ez from the ecrueble.

teh  was  prepw calcining  gibbsita
(A0, 5H,0)), magnesium carbonate (Mg(}(il}, and
gilicic acid (310;) at & temperature of 1,000° C for &
period of several hours, usually an overnight opern-
tion. After calcination, the fluorine compound
fK.5i¥F,) was addsd and the bateh placed mmedi-
ately in the furnace for melting and erystallize~
tion. The batch materials were of “C. P, grade.

Mierocline, which is a natural-occurring feidapar,
has a composition of KAISLO; and i3 therefore & pos-
sible fluorophiogopite batch material. By adding 2
molea of MgD and 1 mole of MgF, to 1 mole of
micracling, one should have the composition of a
fluorephlogopite. Unfortunately, microcline or its
chemical analogue, orthoclase, 13 rarely found in the
pure state. Bodium, which 8 usually present in
smounts up Lo 3 percent in microcling, apparently
prevents good erystelbzation of fluorophlopopite.
Several abtempts were mads to produce a mica g’om
a mierocline feldspar with the additior of Mg and

F;. These weore mostly failures, ag the result
melie contained abundant amounts of glass a::g
orthosilicates. Occasicnally small mics flakes were
observed under the microseope.

Efforte ware made to detormine the tempersture
of cryetallization and the &rima:r_v rhase in melts
having the composition of the aermal ﬂuumph%o—
pite. Both the seak-quench technique nnd differ-
ential thermal &nalysis were uszed. Preliminarey
soak-quench experiments, using 0.3-g samples, wera
found to be unsatiafactory presumably becavse of
excessive volatilization losses in such emall samples.
Experiments with samples of about 2.5 g gave much
botter reproducibility. Charges in sealed platioum
cnvalopes wera heated to at least 1,400% C, wall
above the liguidus of this compesition, cooled at
rates of about 1 degfmin to the desired temperntura
and quenched in water. Because the centers of the
raelte cooled too slowly to freege to pless, the condi-
tions of the charges immediately adjacent to the
platinum envelopes were used a8 the criteria.
Using this method, the meliing temperaturs was de-
termined to be about 1,345° C, and the primary
phasa was found to be fiucrophlogopite. When
compositions wera carefully cootrolled, water vapor
and carbon dioxide removed from the batch hy pre-
ealcining, and the charge protected from excessive
volatilization, the crystallization of fluorophlogo-
pite took place on cooling without the intermediate
crystallization of any other rolid phase,

The procedure and apparatus used for chtaining
differentinl heating and cooling curves are the same
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s those deseribed by Newman and Wells [7]. Dil-
ferentinl thermuel analyvses were made on o spmple of
elear, homogenvous,  synthetie,  uoraphlogopite

fikes, which were estrefully selected to ayvoid im- |

purities.  After the et rang ondy one Phermad offest,
was noted on heating and one on cooling, evidently
associalod with melting and crystallization.  As in
thir enime of miost siliontes, e pifdets wars not abrup,
and the temporatires of the beginning of the cndo-
thermal  effect on hoating umlli of thoe exotherial
vffect on cooling were greatly influenioed by such
fuctors ns siee of chorge, mibo of teapernture chonge,
ote,  The cnewe abtsimed froome the fiest run of theoe
obtpined on the same smnple 1= shown m ferore |
The exotherme hump on heating, beginning ot alot
L2257, s unesplained. 10 wis absent in laler runs
ony the game swmple,  The exothermic  offect on
apoling, beginoing inmedintely ofter viversal of the
[urnnee, 12 ehneactorEiag of the method and oscurs
before temperature change and heat flow have be-
eome uoiforme  The lamee  eodothermic effect on
hesting, sturting ab alwout 1,825%, s associnted with
melting, and the laorge exothermie effect on cooling,
beginning at about 1,280°, i assocmted with erys-
tallization. These heat effects may vary in tem-
pernture over a runge of 30 deg, due to differencies
i ratis of temperaturs change aod aneonteollnhle
experimential conditions.

2.2. Control of Volatility

In varly cryatallization experiments in which car-
bon or platinum crueibles wore vsid without ndo-
quate means of controlling  volatilizntion, such
impurities as minerals of the Huorehumite group

!

st plafimwm crucible ox reoeed frome fursoce,
LN mtural aige.)

Froarmiz -2,
ahivieing redutte of wedlonmiling.

(o NSl Mgy, forstorite  (MeSi0y),  sellate
(MgFyl, spinel (MgALO), ond slass were formd
withy the moes ecrystels:  Similar impurties have
Lsen fonnd by othier investigators (8] Severnl ap-
proxiube winght loss determing tions wore muode on
Sl snmples, and Josses of volatiles up 1o 5 pureent
wisre determined. A methold was fomud o conteol
volulilization by nsing platinum craeilbles, and (e
losses wore redueed to less than % pereent.  The
mcthind consisted of forming o hip oo the erieible
top, projecting ot rieht oneles: to the eraeible walls.
A platinnm cover was placed over the tap of the
crucible a0 that the lip aad cover waes Hush witl
cach other.  When volatilization of the melt began,
condimsation or deposition of materml high in Si0,
touk place at e inteefeoe Detween (e lip anid cover,
aenling: the erueible,  On remioviog the erocible o
room temperature, the upper side walls had crumpld
inwird due to the formation of o partin]l vacuum
(fig. 2). Using the sealed cracible techmique, all
glasg and Mgl impurities wore eliminated from the
mich erystals.  These were present in pmounts osti-
mated too b less than 1 percent by volume in most
prepara tions,

2.3. Composition of Crucible

An ddeal erucible might be considersd as one
having the following qualifications: (s) Does not
react with the melt; (b} withstands high tempera-




Lres THF I|,“ILr .I'H'l'.t““i?'- |ij 1|[i||", (11} j!" I‘llﬂj‘j- lt'lllli-[ull.
intovarous foros: (ol enn bo roussl or s imexponsva
enough to be diseirded.

(e of the major problems i growing syrthetic
mien crystals 18 o find a eroeible thet is no) llrlm'1-.|-||
by the foorioe melt,  Saddle and nssocintes (0] v
erucibles composed largely of silica and alumina,

bt these erucililes wops lllHH.Ihi"l' to sueh an extent.

by themelt that correetions in the bateh composition
had to be made.  This method was found 1o be ql:l]'h*
iruuln-i‘uuh'_ for it was ditliealt to estimate the
wrtonnt of crucible meteril dissolved,

[ eaply experiments at the Bureau many eermie
boadiee wepe tegted for gse o croeibles, bot ol wim
unsstisfactory s the mica melt resdily attacked
them. Clarbon erucibles made from carbon elee-
trodies showed promise g possble containers,  The
egirbon dicdd nob reaet with Chie melt, aod the resulting
crystals could be easily removed from the erueible.
The chief dispdvantages of these erocibles wers thad
finally divided carbon particles were lilli-u sirni ol
throughout the melt, dackening the miea crystals
unid affecting adversely the eleetrical properties of
the mien,  To prevent the carbion crucibles from
oxidizing ot clevated tomperalurs, the cricililes
baad to be protected by plocine them in oo coramie
creaitible pocked with earhon or sihieon earbide, which
interfered  with establishing proper  thermal gea-
diente within  the erucible,  Anothéer  ndesienble
feature of carbon eruciblos was the relatively hi;_'h
ru[‘u:\.lill.' |lf 1|1r- l'“rllﬂ" |ulr|'ir--' :||'|r! ||'||" I1I‘l'r-l*|l|'|* Ilr
winding agents. Nong of (hi enchon ereililos testi
woern impervious to the volatile gases genoratod by

the Huorine mlts With the JrEs e il llnruhtu:'
agents such us clay, the orucible would be ottacked
by the melt, leaving vouls and avenues of eseape

for gnses

Crucibles made of =ilicon carbide or lned with
silienn coarbide showed sevorn] andesicgblie features
In pither ense it wes impossible to obtain 6 smooeth
suirfiee, the stlicon carbitde occurrsd s lwrge
plividunl ervatnls.  These ervstals pitod s geoding
conters for the erestallisme medt, destroying the
possibility of oltaining  good  ervatal arentation
slight decompogition of the silicon eurhide Lol
plaee ut the contact with the melt, roleasing rarbon
particles, which eoloved the mica eryatal grey,

Platinum crucibles were used anoall the later ervs-
tnlligation expernments, ns they did nol appear o
renct with the Huorine moelt lowever thers was a
teneleney for the erystals 1o adbers 1o the platioum,
which not only made it necessoey (o péel the plati-
num from the crystalling cake bot also oriented the
micn crystals parallel to the platinum walls.

In order to eeonomi=e. the mner WMH |rl|.|l'l.' ol tlis
vrueible was mode of platinam.  This: consisted of
foil 0.006 i, thick. Because platinum has little
rigidity at temperstures phove ahout 1400° ©, the
Iiner was supported by various moenns; depending
on the size of the container. For small moelts of
ahont 70 g, the foil contamer wis -lltp]:lnl'rl‘ld‘d in D
of eranular rofrne tun mnterial contained in an outer,
lr'\.rrullu gl ceramic crucible.  For lurger melis, the

Frooms & Cylimidrical eruvido untdh conical fiass

Pl siang weills Debing weldid Lgalier s g aleel pluiiimlerl,
platinum liner was Gtbed soogly anto & cergamie
eriicitle of the correct shope.  Joinis in the foil wirs
weldod with o blow toreh on o steel mandrel (lie. 3,
aiil ekee wis taken to mudke the somplited eeueible
loade=preond .

2.4. Thermaol Gradients

The disposition and steepness ol temperatare
gradliente i the o I"quIJier:: el wee of ertieal im-
portance in the control of -.m wndd orentation of (e
mien sheets.  Ohy ttm-h_ these are affectod ||1. the
characteristios of the Tornaee and the SITTHT unil gize
of the crystalhzing craoible.

As preliminary experiments indicated a molting
temperaiure  of  fluorophlogopite  near  1,350° 3
furnaees were necessary Chot coulid produce o bein-
peratiive within the ermeible well above the melting
temperaduee, say L5007 C, in ovder o nestre coni-
plete removal  of |It‘r.°-a'-=i|r]- nuclention  conters of
unmeled materml.  To meet this reguirement, two
Turnmees wepee desigensd and buile: (1) o plaginum-wire
resistance farmace for l'l‘ut'lhh.'h with g eapacity of
about T g (hg 4), and (23 a Globar resistance
[urnaee for ernvibles with o Lupm'lr\' af about 8 ke
{figr. 61,

The gmnller Tornaes contained a eyvlindrical refrae-
tory eore with wninside dinmeter of 245 0, on whieh
wis wound the mam heating element consisting of

g Bh-pereent  platinum-20-pereent  rhodiom
wire, The winding eovered 9% . of the rore with

[ &5 turns of the wire. A booster clément made of the
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Fytine |

Plintivim tesiglionee Dernie s e e ysdaliy malmn and
Iuh:l gl delermunalion ik

o gere nod composition wire wois wound on o
evlindnical core of 3-in. dinmeter, This element, was
Seitn Jonge, weranged consially with the inper core wid
o e Lhie upper portion of the main element.  Ench
winiding was connected tooa pepRrale nuio-trans-
fortner.  The primares of both translormers were
conneetel ool on=oll proportional  prosrom  eon-
troller.  Thus, the desired tempersture gradient i
Lhe furnaes conlid be moaintained while the temperi-
ture in the furnpes conld be lowersd ot o predoeter
maned rate.  Experienes showed that cooling rutes of
s low as 0.2 degelie conld be olvainsd Trom 14507
Ly 12007 ([,

The largor furmace was bheated by means of
'I'i|nh:||' 4'||'I||4'r|I:-. I or e '.-‘.irh H |'='|1r'|||||' u.iri. L
ciilny seotion, the mullle was eviindrical with o 7-in.
bore and o hetght of 20000, The Globar elements were
0T |':|I|;_‘4'4:| 14l ||I|Ii-?.11|||.||| run|||;||'+-,|_rr-:'||. e 1‘|.i'|l'll'|1|.'- Ly
i 20k, with three aots arraneod Yorticallv. The upper
two sets were separnted from the lower sol by o
horzontal et made of |||--Iai||.1i1|'l_" I'i'l'l'||1'lul'.'l.' i
most runs, only the Gpper two Sels wisre in s,
Thise were controlled by an automatic potentiometer
o un! on=ofl eontral of aboul 15 parcsiEng of the total
power;, snd through o platinom, pleytionoam=rhod inm
thermooouple placed i the heating chamber, Tem-
perstires could e sontrolled (o within =10 deg €
nt 14007 O With' the slowest cooling rates sl
2 lh';__r.ln' 1h1' [IJ:I'||4|-'1' l'|r||.l1'u| WiHE not .";\-1[.”]1 |.-nrl_-.-
senstbive, therefors, Quetustions far exesodod  Che
eooling rute peguired.

In TSIng eracibles with |~JHJ|_,'_:'1|IL~LE horizontal rross
siction placed i1 oa rectangadoy moffle, the Globar
clements were disposed parallel and close to the broad
"'-H|'|'."- |‘|‘{ ‘I.l' |'|'|||'t|l‘|‘ !|11|| WEND  Foroy "li I||PJ" rh"
narrow gices,

Two typez of platinum-foil erueiblis wers ased in
the irmll]l'r furmace: (1) a8 {orm wath t'_"u']lrlth'll'ﬂl walls
and n comical bottom, and (2% o form with sn elon-
bl borigontal  cross section  and  woedge-shape
bottom, stmilar to bul smaller than that shown in

Lorge {eiphae Crystallizng Poraace with  eleyafor
Fflvng oppeitad undeennntl,

| Frovae &

'n.'l|||||-.|' LR TATEI AR R I TRSE A Tl Jiawras THTE R T R R T TRE T
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i
Fimirae G, Divovnng of large olliptierd erieile alawing. sup-

|||n|'|’|1u-l’|l cerpmne condotmer dned rodvalion drcal baee

| 1'|I,:||r|- G, The 110 melts mode n the stoaller furmnes
provided aseful mformation on voletilization losses,
orientation conteol, ote,, for the degsien of experi-
ments in the lerger fumaces.  Various arangements
of vooling fins altnched to the bases of bath shapes
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ol drucible were teitd moopder to vary the therinal
erndhionts’ (hgs. 6 nnd 710

The rate of cooling and the steepness of the vorticnl
tempersbure sencient were varted o oocder boodeter-
mine th effect on size of drvstals wnd vertical ardibo-
tiom.  The rate of cooling was vared Trom 15 to (22
b O he, andd the gradient {rom dop to bottom of the
cruaible wine varied botween 157 and 00° €10 In
eenernl, it was found that the slower the rate of cool-
g and the steeper the temperatore gradient, the
larger thie ervatals and the better the vertical orfent-
tion. Cooling rates foster than 1 IhT Clihr and
gradients less and 507 O provided small, randomly | Fwavne 7. Plabiwess  cructbln {oenfer) showing radiation fin

oriented  ervstals with inclusions of gis covitios woldee o cione portion of ererie.
ifig. 8 and with sssoctated 1mpurities of gliss and R Ty Ty Y R 1S R P I T
M el plit i e sl

.

r
-

- oy P i ? e
" _?.’L.‘L.‘.‘?-‘.-"lili.“-.ﬁ

Tl R

- e —  —
-

Frovmm #$.— Thin soctione of agathetic phiogopite fitken af right auples to the clemooge, shonmng covities am paorious afiiudes (54 400,
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I IR 1 Voweeae ol (e Nl somdal awrfy [ER ]} |I'|.| I eepkrl al
i deardre wiiedr el aboni g !.'-'""'I pertiiin dEiesnbofiow bl fmek
il

ol gayralfy {irte skt s

Frioowe 110 Wirm rrgafals ahowing o preferresd paralled
arriendadiam Lo bieaed aiw af eraniile

||||' ﬂlll'fllr'r‘ i"l-:_"l“ll"jl ||||"' “l!l“”ll”l ORI TR |""\|"|'|I'I[ Fi
ke elfeet on the orentotion of thi e ceystaly
In one experiment made o the gmall fomoees in
platintim; the tompermtare gradient was delibermtely
1'1*'\.'|'|'¥i|~|.]_ :|III! l'ilulilju ||In|+|\ |||.'!| 't fl.'llrll I|||- Il||||n ||.||'|.\.||_
With the very slow mite of cooling wsed, 0.2 dige O e
o single honzontal cevstal of miea formed over tho
enitive surliee oF the melt, snd ervstallzation con-
e until i renched o thickness of ahout 3 mm
Begond this thickness, new crvatals wore formod pre-
dominanthy parnllel oo the tempemiinee  eendienl
In most well-ervatallized melts, the eovstils next to
the platinum walls show s marked tendency to be
|H|.|'uj||-| G Lhe eontaot

Attempts wers mude to pbiain loree ervstals of
mica by gooding the moelt with o singlo mice Hake &
VLS Il"]]ll“'i'“l”"l'— lll'I:’I'I" 1.F'|~r-.‘.ll'|:_{ I'.HP-I\ Frl.‘l-'l'. !“
il enses, the Aukes cithar molted oe liod oo elfest on

Fravme 10, Mioo coygatols showing a profersed gocalfol ortentaton.  Piecesof comindum with known ervstal
prtenlinbdin pdratlid Lo broaed gides 0f saali eeaeifle arentaition wiore miroduced. nto malts toael fs
A Phsetion; (10 e seetion. Suknedd s gopding contirs to give o preforred omentation o the

mice anclel.  There was no indication that eormdum

Lip cpclinr to issume the j_:lllh'l'1|r of lape ery adnl=, it0s | scbed i |||i|-||I'r||j_: th mipen I'I'Il.':-1|||.-|. A Dioteel [ 149
neoessnry (o reduce the noniber of noeled available | elaimed that o neenedie fielid imposid upon o ervsial-
for new crvstal formation. For this purpose, the | lwing melt did hoave a eryvstal omentation offect
bottams of the crueibles wepe either wicduesd o the | Aecording 1o las datn, the gynthetic micn is shghtly
apex of oooome or (o the trongh ot Che baze ol oowedge. | paromsgnetio, sod weak fiekds of about 50 to 100
In the lnrge erucible of the shape chown in ligure 7, | gauss are sullicient o prodiuce an odentation eflect
cood development of vortien] orentation was oh- | In two experiments aginge b serieswonnd homseghoe
iy bt the lealk of horizontal ovientation pro- | moenet that prodoced abono 70 geoss, no magenetic
duced notpacallel ervatals that wore limited o | effect could be observed on oo synthetic mica flaks
Lol th Disenuzge of intersoctions w|rI| otlier LFW e Tl It-i'hl'lil{lll llrur'li-lllirlg: e ervsials lJII. il ol

orvabnls (fig, §) g merretie field wus thoaght o be impracoiicable, and
'1'-- II||HIHI [I:I. I'|I||1'| |nI|~|'||| ErTeeth Lap B LERTL 40 I|1| L e fl][”l!'l’ |'1{F:l|'r1rli||'||r- Were I||H1|'I|I1lrli'11
vent the intesecting growth of orvstale, crucibles The Kyvropoulos [11] technugie of growing eevetals

hoving the shapi shown i fignre § were used,  As | was attempted with o myes melt,  The cssentind
imidieated from the small mielt shown in !E_-_:uru- 10 and | featie of this l|-|'||.r|i-|i|1- 15 fo form a ‘_1||I_'_:E1' |'|'_1.~1H|
the lorge melt shown in lgiee 11, 0 fide degeee of | by slowly withdiwing a secd from o melt.  The
letorn] orientation was thus achieved, Al of the | surfaes of tho melt s kept none buo shghtly above thi
ervatallization expermments mpde m platmum, how- | Tressing poind, and eevstallizetion takes place ap thie
ever, showed that both thezurfiee of the mell dod | interfnee of the melt and the ervsial. A platingm
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pliste (L002 o, thick was dipped nte the melt and
fhon glowly withdewwn,  Platinum has good bheeml
comdietivity, s it was oxpeeted that nososl crvsind
wonld form at the tp of the plate, which would be
below the Troeging point of the melt, Trouble 'was
vxperisneod in Keeping the melt just above fresing
tempermiure.  Whon the plage wasdipped, either the
surfnce of the melt wonld feeeae completely or no
ervstils would form ot all, This technigue did not
appear W offer good resilts unless hotter eonteol of
e thermnal reletion betwoen the sueface of the meld
sl ahi plate conld be olinined .

3. Properties of Synthetic Mica

The properties of svothetio Doorophlogopite s
ossenbally 1he same as its natnenl analogue.  Ih thin
Mikes, the miva is elear gl transparent, A= o the
nnburil mieas, (he elea¥age 1s the most charie e
istie property of the synthetic mica. The cloavage
oecirs paradlel pooahe (0000 ervstallogeaphie plis,
andd an chin Terines, thie fnkes are slastic bat less so
thon natiueal phlogopite.  The mica ||i|||'n'nl'.-4 to have
a baethness pgimd (o that of natueal philogopite,  Tis
spevifie grivity 15 ohout 300, ‘a8 mipsiieod o0 o
Bormnn Toswn Balanoee I

The specthic gravity 1=
tronbdeaome o obinim, as the edees of the nmaea Bikes
are, often fraovod aod wall give srroneois resalis.

The optical vonstants of the synthotic mics were
myensiroil, vsEing pelrographic microseope tealingues,
The mien i3 tegative ) elargetor, with the optical
plane being pardlel or neacly paeallel to B{O10),
The aptic rltl"_"il' 2V is nbout 92, with measuosd indjees
of refeaction of 8=1.645, y= 1547, nnd o enlonlatod
to be 1.5149

The diclectme constant and disaipation faciorn of
arx specimens wore monsiaged ot the Burean’s Tnduat-
ance and Capacitancs Section.  The measirements
wirp mnde at 25% € and at (hoee Cepduendies: 100,
L 000, amd 100,000 cps. The values of dicléetrin von.
stant at 1,000 ops vary from &0 te 7.0, with an
avernge valoe of 0.3, As the speeimens were small|
b to & o i thielr longest dieetion, ermors o megs-
urement of chelectoe constant of as much as 10
percent were Lo b p?.]lli.:'h-ll Thu 'h-l.”'i'rlil in values
of some 40 pereent indicates o certoin amount of
varability m the didlectric constant of the tmternl
The diclectrie constant decmeased -:Ii;_-‘|1ll_l.' (abant 2
ar 3% ns the [ ueney wis chsnemsd feom 100 Lo
LOEL O eps. Values of the dissipation fictor varied
from 9 o 002107 when measured on differend
duva.  The eange for these changes with Hme s not
known, but all of the changes were in the direction
of amnller vidues,  The avernge value ar 1,000 eps
waa abony GO 107 The valioe of the Jdissipation
factor seemed 1o decrease shghtly with Treguency
Lretwawer OO sned OO0 vy,

The hygroseopic chorneter of the mien or the
ability of mies tb absorb and retnin waler was
determined by Danald Hubbaed of the Bureai's
Gilnss Section. Bnogeneral, the method eonsisted of
weighing the water sorhed upon exposing approxi-
mately 15 ¢ of powderdd miea that passed o 150
mesh stundoed stove to the high (approsimatoly 9855

hunddivy mamtoned by g sptembed  solution of
sy, 2FAY,  The |'|r-'.u]l-'- re ll!~.‘|r|‘1'--'-u'|l m wnlor
sorbed i mulligrams per enbie centimeter at thi end
of Tand 2He For compmrizon, o nadoral phlogopiie
]'rlrlll *||. I_]_I"l'!l| ilm ulu[ 1||.r|-<- ;:hmu--: ]u|'l.'l' leam ilu'hlll-'ll.

Watep siprhhul In

|
1 huur 2 hibrs
LR |JF-'I |'f|||l'f'-'|'|-
syvnthetie philiggopite I T
| Arminiting phlogopite | Ol T
vy wlpas T ik )
"I.'_'.l'ur glnss I 1
Noy 015 wlses HH 101

Thermally, the phlogopite miens have o higher
breakdown temperature thin do the other meas,
aid iz holds true for the sythetie Huoeophlogopite.
Severnl olenr mice flakes were subijected (00 temper-
graen of 10005 C Tora pericd of 3 days.  The sur-
e of the micn hiad o eloudy appeosranes, sl it
was notieed that mossie stroetures had formed (fig:
123,  Mieroscopically, the thermaldly treated mste-
ril lind approximately the same optical constants
ns did the untrented mica, and an X-vay diffraction
Pabtern gnve +'."-.'-l'|l|lF.|'|”I'I.' e i patbern 68 for this
ureeited matorils.

Uncler the divoction of 15 L. Boan of this Bureaw,
# chemicn] annlyvsis was mude o seloeted eloar akes
of svniletie mien, contoininge no visihle impurities.

Mowere structure formed an sprfor of mica erym-
fads after il Ceenbmend,

Frovre 12

A meraiels oy Bromg fdphl 1o lefi e proies off many segenis, leiviie &

pleir wrvm ipnedrresad b | 0
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The resulls in weight percent are wiere climingted, but Mgl and gluss rempined as
impurities.  The gless hod o mean index of about
L.al. The impunties ocewrred in small amounts

i, Li 87 estimnted o he less than | opercent by volume, s
Alslly r!L.’.‘ fl'nr" | those wore rondomly soittered thronehout the erye-
';'."‘“ ": ;.', [ lllllﬁ. Mica crystals as lorge as 4 in? inaves. and froe
K o from Illtrlllllh"w wore obtgined from mells i the
Nl 012 e globar fornnes,  Strocturml defects in the form
- ‘ of gas bubbles were obsorved in those melts that
Tow 102 60 wore cooled gquickly (grenter than | deg ©fhe),

Egulvadent, (= 1 35l i : T 4T B ;i -
[hese bubbles, or envitiee, appewred to otour i
Tt af, 18 | planes paralleling the mea cleavage planes. 1t was

observed (hat melts éodled st slower specds con-
tained less straetural defects and fewer impurities

Xeray diffenction paiterns were made of selected
it I!|IL|'-_ and these Wore l‘HI]]]uI.I't‘ll with  netural
pliliropite fom Cateds obtained from the 1), 5.
Notionnl Musewm.  The patterns were made on a
Meriy Geiger countor, using eopper radiation.  The
synthotic anwd the natursl pattorns ore essentinlly
the same with minor differences in intensitics and o
srotdl differenee in despacing, as con e observed al
the Digher oneles: of 20 (e, 13), A= men s &
highly developed cleavase, the problem of getting a
raundom onentabion of the |h|‘.l.:i|'1' ;:I'ui“-— 15 :L|,||I|I-'1'|.
impossible, Wepee the intonsitios gre ot truly ripre-
semfative of the mica,  The smaell diferenes -
spacing iy be due 1o the presence of fron in tha
nutuen] swmple and to the [wét that (b sy nthstico
mica does not contaan any (OF ) 1ons [

Dpurities were obsaryed in all the erystallization
cxperinents, and thoies presende u|mur-~ru|ll1. depernided
- part upon the loss of volatile constituents.  In
cirly erystallization experiments, using carbon and
unsbvered erucibles, where volntilization losses won
high (about 8 to 0% by weight) impurities of
forsterite, norbergite, chondrodite, and gloss were
presont i apprecmble guontities:  They ocoureml ns
milky, or elowdy, patehes in the plane Hl the mica

il iill-'n.rll"l lill' rl!l]lllﬁllll R s W ||I't| Ll i | |.|:|| |I.l‘||-| || L
glnss, or thoy occurered i branching stegetures (g Piovne 14, Micd flake pasallel b Jeniagy
14y, In later experimonts, when volatilization was ; i
3 % in ! i § his ki fi HCn g e Bl i |
t‘lll'lll‘ll-“i'l| h.,h. -'I'I.I!IHE ““. "I'!Ii'l-h]l', 1!“. ﬂl’”l"'\'l]ll‘lth-.—-. 'r'l!ll::r:lll'":lt'lII|'I' wr e LA ol Pibastassti Dt FEemacnrn g aeen Sinrwe dniciriile
i
1
i : it
I | 1 ] |
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TRE 18,  Xeray powder -fl.r,i"."lrl tiom patterns of satwrad phiogoprte (F) anwd aypadhelze pdlogapite (21,
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4 Summary

A synthetic fluorophlogopite mica having the ap-
proximsate formula ofp Kmmﬁl.‘&iuoﬂ]i‘a can be crye-
tallized from a melt at atmna]il:;aﬂrie pressures. f

it;g'rndiﬁﬂtﬁ that produced thae best cryatals consisted
of:

I Peroentage

[ by waight
By ... 34 74
‘;Ilsﬂu ..................... 1,1?}::;3
K.%(ijﬁ.'_:lfl:l:lllll::l 25, 48

This composition melts at aboat 1,345° O, and
when it 18 eooled elowly in the order of magnitude of
0.3 deg C/hr, good mice crystsls can ha obtained. To
an.' arge crystals it is necessary to obtain & ﬁ;f-:

erred onentation of the individual crystals, ot
wise wth is interrupted by interasction of ons
crystal with another. The disposition of the thermal
gradient, iv & mica melt ia the most important factor

erning the orientation of a growing crystal, and
it was found that mica crystals grow with their
cleavape planes parallel to the direction of the pra-
dient. p majority of the mica experiments were
performed in closed platinum crueiblea, vsing alectris
resistance furnaces.

In generel, the physicel, chemical, and electric
propertics of the synthetic fluorophlogopite, are
essentially the same as those of s natural phlogopite,
with the exceptions that the synthetic mica tende to
he a, little more brittle and does not contsin (OH)
wns. Thermally, it has a higher breakdown temp-
erature, and for short pericds of time can withstand
tamperatures of 1,200° C without noticeabls changes,
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