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Pmrifzfcam@m of Mg¥ . and Gz ew’e&z of inggie Crystals _ |

Ceramic Ln'b@ratmms Bepertment of Mineral Techaology,
and Inorganic Materials &iv.;swn, Lawmme Padiation Mbo“wtary
Umvami«y af Oaigfmnm, ‘ kaﬁﬂy, Ca&iiam&a '

o _ o .+ . Mareh 2,‘ &%’33 -

e ‘Abstract
A m@&iﬁi@dEri&gmamﬁé@ckb&rgw method v}w méa ta grow single crystals
of MgF , welghing about 200 gwas. The pusity of the charge meterial was céiﬁ:ica.l. f
Purification was achieved by izwt c‘la‘ying technical grade &.gi“‘z and then vgp@z’iamg
in v@.cgm ﬁgecwm transiniosion of the single csyutaia wag measered; :’s.n

t;om;;érisom with Caf 2 MigF, wes shgﬁ&q less trangpamz:zt in the infrared region -

2
and had about ﬁhe same trmapwenw ia the ultraviclet régi@m. - Modulus -of-rupture

values were aﬁa@ oba.aimcs in cmvez:al oriematwaa. Ne plastic flow was observed,

N

A ..
t

e



-

-l UCRL-10105

Purification of Mg g and Growth of Si nale C:z'%; r‘%aﬁa

N 3

TWilliam 3 Scott

@eramic La.‘bomr aries Department of Mineral Tachn&idgy,
amé& Inorganic Materials wamn, Lawrence Radiation L&bs:«:atcz'y
Umvamzw of Cﬁhf@%’m&, Bewt ‘aicy, Géﬁf@k‘&.ﬁ. :

mmm, z%z o

I, Imtroduction

Dua:mg i;he course of an m"estzwaewa of tlze mechsmmal pr@g}efties of 2 diafgs

in the LAE w3 !ﬁg?&"z system zfz became n@t@saary to amain pure sﬁngie crvata&s af

A modified Bridgman-Stockbarger mei:h@d was adopted. for simultanecus
purtfication and single-crystal growth. This pa;p &eacrib@s tha techniques c»f '
puzrification and fmme of the pr@pez'tﬁes caf ﬁhe éimnie crw@ta_m obfzg_mnd Smglsa

crysial dMgF aw also bﬂfan prepared by B Dutcanson o c,.nd Stovenson, ami they hawe

2

' E@g‘:«@?@@ﬁ m@@.aur@m@m‘a of many of the @%irzd a"ui pﬁymcaﬁ px@per&ie@ of this

matm ial

i,
Farification and single-cryatal growth were caw s:i@rl out m vacuwws usin i3 8
b% mw%w E e T vr@mﬂ resistance furnace, & dagram of the furasce i.s ghown in

Fig, 1. Tz

C e

e furmace core is 2«1/ 2=in, ID and 20 in, long, ond (z::.w mgi%&mca .

winding 18 on the e:emter 16 in, of the ame. Fhe vesulting nafure wmmra&: e

radients existing irom the b@t gone towards &m:a ca@imr ends were utilized,

£

[}

it was found %:? at when alur *niz:m Ehe”n‘*@cuu al@ moimv was.s m f::@m:w“& wi é:za ???**e

t

_ O
inoide or owtside of s,he f;.xmce cm"e., thm 2 was elsctr c:ai le chage above 88870

from the winding to the %Exermacmzpﬁe, This Aeamage caused the thermocouple to

float at up & 64 voleg A, C.— above &’rrmmd and caused elestronic potentiometers $o

indicato srronecus ‘z@mpemmrw up o é&@ G. The elecirical loakaze and the

temperature 8oL Were ekimim.t@d by mauiatmg the m@rmﬁcswpm ubing imwa the

]
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furnace winding with boron nitride as shown in ‘E‘ig. 2.

The wm‘zﬁta erucible used to Zwm the & was 2-in, O. D, and 4»2/ Z«*xz. :

2
high with a 1/ 8»5.'3. wall, It had a cone at the bottom with a.n angle of about 130

é@&a o

Il Purification and Single-Crystal Growth
The Ev’ig?a'

ﬁ;aatrting_matémial was & purified commercial grade which was
found, during the course of this work, to be aéma_ﬁiy a technical grade material

S

. with the ap?xaximaza composition: Mg?z - 83% H,O - 179 MgO « 2% and other

mmaiﬂ o 1%, itwas pmiﬁ@ﬁ in fmwami stops. - _ B - - S ' -
"”}za water was removed by first dz:ymg; in alr a8 @&QQG ajad then hea«mr« in |

vacuum &t 3006 par hous ?:Q the m@ltmw mmp@zrg.ture of izSSOG, " A plot of the

water loss v& dz‘ymg t@mperwum &t equilibriaom in ale ia ahmwxz Fig, 3. The

material could not be dried completely in ambient ahr z;t 600° C because above

506°C the reaction

MpF Hg(} % 14g0 ¢ 280F

became noticeahle., Also, slow hooting in vocuusy was necessary to prevea the

' e*zaz'ge frorn biswing out of the crucible, w.e?,tef% and :a,mzema.cmad ingots cﬁ this

rmaterist wers white e,md @“’mqua with no & ;.;paz' g wa‘i‘é" segrepgation, indicating
that puvification bc‘ros”aéi %i:za‘a of c}z'yixag wes maece.mm*v

A ﬁzrsﬁ«smge; pur:xi cation was zecamplichad by ev«pwaﬁ;m'x Mgd 5 Exom

*

molton dried materisl., The grophite crusiile wa 8 held in tim wp pﬂ past of the

hot zone of the fuz"mr::e where a tem p‘aa*a.\zz“w gradient eximeei The bottom of the
crucible was then 8t a tempera ature mb@VG s:lie melting y@iﬂup “and the crucible lid
wase about 200° © belmv the mes&ing gam.m Purified Mg?z grew as cleax *ae@.‘,anw

crya?als on the m'uciuﬁa lid writh a wpams:ie:a rate of 0,14 to 0.2 sihy -»cm"g.

%
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using the Langmulr equation, from the vapor pressure of Mg ; detevmined by |

) ’-was melted, with the crucidle held near the 10‘&’&9& end of thra furaa.ee 2«0& zone,t

-3 . UCRL=1010§

This c’z@poaitian rate was amu& a factor of 10 less than the v#zs.l»ize' ealculated by

f‘mmner ana ?a,-c;k 2 There arve ceveral p@smb}.@ mamm for thm ﬁiscrap&ncy.
wmh as deplmxm of the molten M@‘z cmrimfv the mm. or ﬁh@ %@mmmtuw of the
crucitle 1id being too high, However, the point to be naﬁed i,a that me yzem from

this method of pu.saficaamn mababiy c:ould be subst&nﬁiaﬁy imre&sed _ahe

, vpux'if ication @btamed by one evamraﬁma ic shown im.ta‘:ale “fi-»ray diffraction |

s

a,naly@eaa mﬁica&ed tha'& Mg, Cal _, and E.,.,gﬁi were concmﬁraﬁeu in the nszd;&e,

A
while only MyF 5 Wag present in the.ecmiamam..

The mmnﬁ«-smg@ pm’*iﬁication was attained by normal freesing or soning

© during the grm@h of a single’ cw%a.l "Ehe canﬂemﬁa abtaimé by evaporaxiazi':

«-;,

,‘

- The crucible was then lewemé. mta the coalev zone at 1/2 in, p@r hmzx-. Impuz“iﬁzesf'
~ that lowered ﬁh@ freezing pmﬂ.x were thus, com:emrate& in the cemﬁer of t}xe iz:gm.
2 Several mngie c:rym"a,lw welghing about 200 g each weare obtained. im eve'z'y caze,

the crystals ware cracked into fsever&l pieces. Thiz cracking cccurved mm hen

e

the erystals were quenced and when Shey were :‘31@ Wiy f:‘a@i»@ at 50°C per howr aff:uf

growth, Cracking nxmuaamv; @"’““xz:reé duris zt., arovwih bes:.,au@e ¢l the steep ﬁ:emp@ra ure

5 &
gradient empigye& However, the cz'grﬂ*t:W., weve large enouy ah for asubs eruc:m: wee,

hor attermnpis were ma&e to grow larger m:ysémm.v The additional

8
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- puriflen ian mauiemg from one pass of normat frca.zing, is shown in Table L.
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IV, Some Progertics ¢’ Hing
Lo X

The Mgl 2 ervetals were clear and cualorless. ”‘"‘hey aﬂawec% fale clopvage

on ?;hé 5}‘ planes and no cleavage on the ¢ planes. The materizl was easily cut on

& dlamond saw with & smooth water-cocled a‘a:*aawe' blade., Cut single crystals

showed no apparent effect from L»haur‘immgwioma in bolling water, boiling

/2N HNO,, boiling concentrated phosphoric acid, or boiling 50%1 &xoﬁpheric acid |

T
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Figure 4 shows the dt“aviolet and infrared tramsmiaszon of a cut, yoi..ahed

Mgf‘a

2
‘Sal"g are also shown,”*

singi;e cryvs;al window. The reported trmsmissian curves for BaF 2 and
Singla w#stzﬁa of Mgk 3 wore eut in éiw vmicx‘\aé‘ sﬁx*imta.tiam shown in E‘ig 5,
The cpecimens were iwst annaalarl m V&cumn for 4; hours at $00°C and then brcme"‘s
in four-gao;m Eaam;w in an ants:os.; z@stmq machine usmg & cwss‘hea@ speed of
0.002 in, /mizrs. The wta.% test span was 0 75 in,, azz& the cevtral span was @. 25 in,
*Eine resulting Valuea for the modulus of rup&ure are m;:hc&ted in Fzg. 5. No
plastic flow was apparent; the recorded iaad«c%@ﬂecéign é‘)imx#m atmigm'up to ﬂrzé
{racture stress. The reported modulus of rupture values for orianéeci simgia

crvstals m‘ BaF, and ('.»«,E‘ are 3370 to 4709 psi and 5440 {o 7180 paz, _respec;ive!y,g

2
in contragt to the z'«mg_,a caﬁ 7250 to. 15.13@ mai @u*aa.med for Mgf‘z
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Table 1. Spactroscopic analyses of MgF s

| Si Fe Al Cs Na Ti Ca Cr  Ba
Original 0.1 0,03 0.5 .Tr 0.2 0,61 9.3 0,005 ND

o

Evaporated 0.01 0,01 ND ND ND ND . 0.08 0005 0.0001

Zoned. 0.02 0.002 KD ND ND ND 0.000 ND  ND
- 7 2,005 <0002 <06 <.005 . <.6002
N

N,
\

@ i ‘5 L3 o -
ND means not detected with upper lmit as shown,
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Figure Legends

Fig. 1. Schematic diagram of az-;é vacuum furnace used for purification of
‘matorials and singla~crystal growih, |

Flg., 2. Detall of the bora?;a nitride mézmting for the temperature-control
thermocounia. | |

Fig.3. Lésés of water from tec}micalngrade Mg?z. : |

Fig, 4. Séecéral transmission of some ainglé-cry‘s&ak alkaline-earth fluorides.

Fig, 5. Modulus of rupture in four -point loading of Mgl 2 sizagle crystals in

orientaticms as shown,
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