
Lawrence Berkeley National Laboratory
Recent Work

Title
PURIFICATION OF MgF2 AND GROWTH OF SINGLE CRYSTALS

Permalink
https://escholarship.org/uc/item/3zm4h6cw

Author
Scott, William D.

Publication Date
1962-03-02

eScholarship.org Powered by the California Digital Library
University of California

https://escholarship.org/uc/item/3zm4h6cw
https://escholarship.org
http://www.cdlib.org/


1111 

I 
UCRL-10105 

University of California 

Ernest 0. 
Radiation 

lawrence 
laboratory 

TWO-WEEK LOAN COPY 

This is a Library Circulating Copy 
which may be borrowed for two weeks. 
For a personal retention copy, call 
Tech. Info. Division, Ext. 5545 

Berkeley, California 



DISCLAIMER 

This document was prepared as an account of work sponsored by the United States 
Government. While this document is believed to contain correct information, neither the 
United States Government nor any agency thereof, nor the Regents of the University of 
California, nor any of their employees, makes any warranty, express or implied, or 
assumes any legal responsibility for the accuracy, completeness, or usefulness of any 
information, apparatus, product, or process disclosed, or represents that its use would not 
infringe privately owned rights. Reference herein to any specific commercial product, 
process, or service by its trade name, trademark, manufacturer, or otherwise, does not 
necessarily constitute or imply its endorsement, recommendation, or favoring by the 
United States Government or any agency thereof, or the Regents of the University of 
California. The views and opinions of authors expressed herein do not necessarily state or 
reflect those of the United States Government or any agency thereof or the Regents of the 
University of California. 



., __ ,.: .. _:: 

·/ 

t1~'1V .ERSITY OF CALIFORNIA 
' 

.La.w:r.enc~ Radia~.tion L~boratory -· 
Berlteiley, CQ!iforru~ -

\_ 

··' 

,• 

PURIFXCAT:&ON OTt ~AgF z .AND OROViTH OF SINGLE CRYSTALS 

,. ·~ ' 

'·· 

·;. 

' ·: ~ 

·•··.· 

. ~ . 

...... 
·, 

·",. 

,-



·-~-~ . 

. . 
'"' 

I 

Purification of }.'lgl:"'l a.nd Ch:o""-rth o! Single .Cryatala 

· William 0. Scott 

UCRL-10105 

Cerlltnic Laool'atol"ies~ Dep.s.::tment of Mineral Technology.· 
and incu:ganic lV'..ateriale Division, La:wrence Radiation I..abo:l!atory 

University o£ California, . Berl,eley, California 

A mod.Hi~d. · B:ridgm:un•Stockbarger metho& WM uaed to grow sinzle cryst<lUs 

of t..igF 2 weighbig about ZOO .gms. The purity of the· ehal-gfll) material was c:dtical •. 

" Purification was achieved b'y.fi11:st d~1·mg teehnical grade IVfgF a and then vaporizing 

~.n vacuum. Spectral transmioeion of the Gin~le crystals was::z::.aeasu:red: io. 

eon1pariaon witl'1 CaF ~· r~g~ 2 v,;s,s slightly. less t:ransparent in the hu:ra.red :re'gion 

and had about the same t~anepru::cncy in th~· ultraviolet region. · Modulu.s-of ... r~pture 

values were· also obtained iu aeveral orientations. · No plastic !!ow was observed. 

;· 
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Cera.rrd.c Labor~i.f:,')r:i.esli. Dapartrnent of Mlnet"al Technology, 
ll.nd IiU>rga."lie 1v!ate;;::!als DhritJion, ldawrencr~ R.·ulla.Uon Labo:!.~atory 

Univ0~Bitr o£ Calif~~ma. Be1:kel~y, . California · 

b.-'Iarch i. ·19()2 

During the course of an urv"'O.~tigation o£ the mech.a.n.ieal properties of cl!ar~s 
. . l 

in the LiF-MgF2-ayatetr4 h b:ec!Z'~rnc necessary to. obta~n pure ·dngle cryatale of , 
' . . , 

pu:.d.fication and single ... cA"ystal ~:.rov.rth. This pap:ir describes ~he techniques of 

pu.r!ficadcm. and some of the properties (Jf the .rd.ngle crystale obtained. Single ... 

c:ystt:tlZvtgF 2 has .:1-lso ~en prepared by thmca..."l.son and St~venson. and. they have 

- reported m®a.St..\remenes of many of the. opticl!ll and physical proparUeo o£ this 
. . . . . . . ' - . . . - . . 

mat¢Jrial. 1 

Jr::tlo:.:tlyhdcm.t'\.:tn"·VJOund resistance ft..u:-naco. A dia.gra.rn of the furn:l<::G is aho¥ro. in 
. ' . 

. . 

gr~diento e:detina from the hot zone toward~ the cool0r e&lds were u.tilized. 
~ . 

it vn~.o found tiw.t \.'lhen M\mlitla tharn1.occuple tt1bing ~~·a~ L"1. eon.t<a.ct w§th the 

indde or outside ofi the fu.rnae~ core, the1r.) ·;..~;a::J electd~all~o.kage oJ:.:ove S00°C 

' fronl the windin~; to' the tli.ex-mocouple. This leal'...age caused the the:rmoeou.pl~ to 
. . . " / . 

flo~ at up ttl 60 volts A. C .. ·above g~ouucl. a&1d ca-used e1Gr:trorue pctez-J;io.r.r1etc.t.· ~ to 
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The g~aphite crucible u.t5ed to htJ<ld the MzF a waG ~-in. 0. D. and 4 .. lfz ... in. 

hlgtt with a 1/S ... in. wall.. It had a. cone at the bott<?zn with an angle of about 130 

oos.· 

Tho l'..:!gF a. sta:rting material was a purified co.m.mercial grade which waa 

found. durL"'lg the eou:rsa of this work, to be 26tua.Uy a technieal grade material 

.. with the appromm~te. composition: MgF 2 ... SOt;~ H 0 ... l7o/t~tt MgO ... ~o/~ and other 2 . 
' 

metals ... 1 %* It was purU'id:ld in several steps. · 

The water was &"c:r~'ilov~tr.\ by fbct drying in ail' ai 400°C ,and then heating in 
. . . . 

0 . .. 1 
va.cuum at 50 C per how- to the r.."ldtins temperature of 1ZSS°C •.. A plot of the 

• • > 

water loss !!!. drying tempers.tu.ra fi.t equllibriwn in air is shown in Fig. 3$ The 

mat~rial eould not bedded completely in ambiett.t: at; at 600°C:, beca:u.se above 
0 .. 

500 C tha !O"ea.ction 
,t · .. 

th~t pu.:.d.fic:Olti"On l~~yond that of drying w~s P.ece:.;sary. 

A fi:rst .. stage: purification waa accorr ... plichGd by evaporating lvigJJ'., f:ror.:.'.l. 
' :_.,. ' W.) 

a .. olten dried mato:iru.. The g1'o.phitc crucible was h0ld in the upper pn.z:t c.£ ~~he 

' 
hot zono of the iw:nace whot"G t:1. te:znpa1·atu .. :~ gradient e%iated. Th~ bottom o! the 

crucible was then at a tem1>cersture above the melting point~' aud the crucible lid 

t:N'J,S about 2,00° c oolow the melting poir.t. P..:n:ifi~d M,gF;a grew as c!t~e~ ii!Gedlc~like 

crystals on the crucible lid with a ·'"~position rate of 0.14 to 0.2 g/hr ... en'l ... z. 

··, 
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usin.g. the Langmuir equation, !ror-.:1 the vapor pressure ot Mg:C, Z determined by 

He:ur.mer. and Pask. a There are e;~ver.al possible reasons for thi~W discrepancy. · · 

su~h as depl<Eltion o! the molt~n MgF 2 dui'i!!lg the run. or the tempcarrat-q.:re. o! the 

crucible lld being too high. However~ the point to be noted is_ that the yield from, 

this method _of pm:iiication probably could be substantially incr~ased. The 

purification. ot.-ta.ined by o:a1e evapo1•ation is Ghown in/I'able I., X-ray diffraction:, .. · · 
I , . . ' , • . , •'. ' . ' ·~··.~ 

a.."'lalyse~ indicated that i\&gO, Ca.Fzp and MgC12 were. c~ncentrated in,the residre~ 
~'f 

vihile only MgF-:> wa~a~ present in th<a-ccnclensa.te. , ... 

'I'he condensate obtained by evaporatior{ 
. . i' 

was melted; \vith the crucible held near the lower .end of the furnace hot zone. t;> 
. ~ -~ 

The crucible was then lowered into the c~ler zone at 1/2 in. per hour. 
. . -~~ 

that lowered th0 freezing point wera thus. concentr~ted in the center of the ingot .. 

t.~e Cl'yBt.o.ls \7Ja~e cracked h"ltC :f:li!2veral piecen. ~'£hi$ ll:!l'ac!d:ng occ·tu·~ed 't'Oth ~;-when 

' '~ . ~ 1 ,, ~ • • . ,, ~ •• ·. 1 ~ "' ,..0°C • .Ci'. b•e cryst~r:; v.'ez-e qU$ncoc. ~·:~·o> w~:C:',l ::t'.CV wc:rre o;.ow1..y coo er:::, at. ;) · pet· w:yu~- .m.:.":err· 
\ 

at~d no further attcrnptG were mad\$ to grow. l~rge!" cryst~le. .The m.t!\2~tional. 

ptU:i.iieation resulting £r~m one pass of no:::mcl fr~e~~ing is shovn1 in Tabl-e; i. 
"j 
i: 

lV.. 2~r~e P:Jfe~·.~ie~. £ :" ~i_::.~~e Cr·v.~ 
. j 

The ivigF Z eryst.UG were clc3r and c<z•:torlcss. They ~howcd-faii eleavat;;e 

on th0 a planes and no cleavage on the e ·planes.. The rl.late:ria! was easily cu.t on - -
showed no apparent effect from 1-hour itnmell."sion.a in hoUiug Ytc~.to:r,. L"'Oilit'lg 

1/Z. N HNO.,, boiling coneent:ra.ted phot:Jphol'ie ar.:id. or ooUing 50% phosphoric acid • ., 
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Figure 4 shO\V$ the ultraviolet and iniraredtra.nsmission of a cut. polished 

MgF
2 
aingl~ crystal windov1. The reported transmisdon curves !or BaF l a.nd 

. . 3 IS. 
Cal'"' 

2 
are also shown.. • "' 

Sblfitl® c.~.y~.rt::sla _of M£,F 2 wo:rlii.i cut ln t.he v~~:io\U.l o;rief.\t~tionlii_ sllOWlt'i tu. Flg. S. 

The specim.en~S·were !i:t$1: annealed in vacuuxn. for_ 4 hours at 900°C and then broke:t. 

in four-point loadil'tfii in an Inst:ron testing machine. using a. cro~shead speed of . . ' . . 

o.oo~ in./ r.O.in.- The total te!:i!t span was 0. 75 in. , and the eentral span wae O.ZS i..n. 

The resu!ti:ng v&lues for. the 1nodulus oi ~upture are indicated in F.ig. s. No 
. - -

pla~de flow waa &.P£'arem~ the recorded loa.d .. d-$.tl:ection Une was straight up to the 

!racture stress. The reported modul.ue o! rupture values !or oriented single 
. 5 

crystals oi B~F Z and Ca.F" a~e· 3370 to 4700 ps~ and 54--iO to 7180 psi, r~spectively, 

in cor..t:1raat to the range of 7Z50 to.l5.130 :psi obtained for MgF a· 

V. Ack.nowledt;m,em$ - . 

T11e author wi$hes to thank Professor Joseph A ... Pask tor: htz interest and 

encou::agernen.t# ~d l1..4r. Eugene. Kregg for his help in the construction and . . . . -

1 ·. 
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Table I. Spectroscopic a:nalyaes of · Mgl•·· Z 

Si l' .. e Al . Cu Na . Ti Ca Cr Ba '· 

.- - . o.s - - - - - NDY Original 0.1 0.03 - Tr 0.2 0.01 0.3 o.oos 
Evaporated o.<n 0.01 ND ND ND ND 0.08 0.005. 0.0001 

ZonGd o.oz o.ooa N'D ND ND NO 0.001 ND ND 
<.005 <.0002 <.06 < .. 005 

\ 
<.0002 

\ 
\ 
\ 

\ 
\ 

g I ilitr ::=:: ==== I 
. ; : 't 

t 
. ·'' . 

·' 
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Fig. 1. Schematic diagram of the vacuum furnace us0d £or purification of 

,., 

Fig. z. Detail of the boron nitride r;nounting for the tempe:r:ature .. control 

thermocoupla • 
.. 

Fig. 3. Loss of water £rom tech.."lica.l-grade MgF z• 

Fig. 4. Spectral transmission o£ some aingle ... ery·stal alkaline-earth fluorides. 

Fig. S. !vtadulum of rupture in four .. point loa.ding of MgF Z single crystals in 

orien.taticnr.J as sl1own. 

\ 

\ 
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