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. and Department of Mineral Technology, College of Engineering,

University of California, Berkeley, California
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ABSTRACT

varansparent polycrystalline magnesium oxide can be fabricated by
hot-oressing the powder with a small lithium fluoride addiﬁion, and a
sﬁoséquent heat treatment, Compaction-vs-temperature studies Havé been
' made-of magnesium'oxide and magnesium oxide + 2 wt% lithium fluoride
’haoe been made up to 1000°C using pressures up to 4000 psi, The
lithium fluoride addition allows magnesium oxide to ;e hot-pressed to
near theoretxcal density at reduced temperatures and stress, The hote
pressed density must be at least 99.5% of the theoretical density_of |
magnesiﬁm oxide for thé»subsequent'heat treatment to yield a trané-
.parent specimen, Because the den;ification kineticsovary with thé
temoerature and pressure, the hot~pressing process must be designed.
.'to yield this critical density. | ( o |

Densification during hot-pressingbis proposed to oocur by a

.deformacion proceés associated with the sﬁall partiole size of the
magnesium oxide powder with lithium fluoride aiding the process by &

maintaining the small particle size, or by a diffusional creep process o

 with lithium fluoride enhancing the dxffusivity of magnesium oxide,
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I. INTRODUCTION

Efforts within ceramic technology have always béen,difeéted'
to&ard developing processes which yield materials with controlled
density and microstructure. Progresgftoward écﬁievemént of theoreti-
cal density Qas realized when it was obserVéd that higher densities
could be achieved aﬁ lower temperétures by using appropriate sintering
additions, 1In recent years, hot-pressing techniques have been devel-
oped which permit higher densificatién at lower temperatures'without
the use of additives, More recently, these methods have been cémbined 
to achieve furtﬁer conﬁrol of as-sintered propertigs.

It has thus been demonstrated thaﬁ optically transpafenf poly~-
crystalline magnesium oxide can be fabficated’by hot-pressing magnesium

oxide powdéplWith a small lithium fluoride addition, and a subsequent

' 1,2 . )
-heat treatment. ’ The purpose of this study was to determine the

hot-pressing conditions for this process which yield a specimen that

will become transparent during the subsequent heat'treatment, and to

‘determine the predominant densification mechanism,



II. LITERATURE SURVEY

.A. Sintering Additions

Densification during the normal sintering éf'ﬁﬁfeimatéfiaﬁs ig.
generally .considered to be controlled by lattice diffusion, Certain:
. sintering additions have been shown to be effective either by creating

defects which enhance diffusion, by forming'a‘liqﬁid phase in which

the material is soluble, or by inhibiting grain growth.

. . 4 5 ‘ - PR - . . - A
Tacvorian °~ has proposed that a proper sintering addition may

activate the surface of refractory particles by fofming a solid soiu~‘
‘tion in the surface layers, This surface séli& solution will have
higher diffusion rates than the pure ﬁaterial and will result in
ngcglergted sintering rates. Eventually, the diffusion process will
distribute the addifiyé throughoutvtﬁe refraétory material so that‘the.
'fiﬂa; prdperties_dfjthe sintered powdersvare neafly the same as those
.of the pure refiacﬁory. In.conﬁection with‘sinteringlgddiﬁions, he‘
also stresses the significance of_minor impurities on'singe:ing _
 §eha§ior. . |

The interaction of impurity atoms with the suffacé and lattice

‘atoms'of ionic crystals has been discussed by Weyl.6 On the basis of - :

 dlonfc polarizability, he has explained the existence of defect struc-
E éurés and described the repulsion of particles due té surface charge.
. He showed how étfuctures of noble gas-type ions can bé made to form','

defect structures by additions which enter into solid solution with

the structure but have ions of different valence. Vacancies,must'be‘ 

created within the érystallime solid solution to maintain gléctro-

neutrality, On this basis, the enhanced sintering of magnes ium oxide

Fny
A



' systems,

with a ferric oxide addition and the inhibited sintering of zinc>oxide
éonﬁaining additions which prevent defect formétion were explained.
Sintering in the presence of a liquid phaseAHas been analyzed by
Kingery;7 The.driving force for densification is the surface energy
of the liquid-gas:'interface for the pores in the liqﬁid_which results

in an effective capillary pressure. Densification, or reduction in

pore size, occurs by two processes. When rearrangement is complete,

solution of the solid particles occurs at contact points which are

stress concentrations, and material is transferred away to precipitate

on surfaces of lower chemical potential. Experimental evidence of a

. solution-precipitation process resulting in densification during

éintering in the presence of a liquid phase exists for'metal-metal
8 carbide-metal systems,9 and several qeramic systems.
Atlaslo studied ;he effect qf some lithium compounds on the
sintering of magnesium oxide and found that additions of lithium
halides particular1§ aid densification. The relative‘effectiveneésv
of the different alkali halide additives he used for siﬁtering at
1300°C and 1400°C.cannot be determined becaﬁse the'Sulk density of
the pressed, unfired sampies Qaried with éach additive, If differ-
ences in unfired density are disregarded, lithium bromide can be

considered to be the most effective additive followed by lithium

chloride and lithium fluoride. But when the sintering' temperature

‘was lowered to 800°C, lithium fluoride was most effective in aiding"

densification, Atlas postulated that the lithium compounds facili-.

tated sintering by entering into the magnesium oxide structure and

creating defects,



Layden and McQuarriell added 14 differeﬁt metal ions to magnesium
oxide in an investigation of the effect of'additivés on sintering
Hbehavior; They found that the effective additions were those whi;h A
could diffuse into the structure and create defects, or form.avliquid
phase, Additions which formed compounds with magnesium oxide appeared
to hinder sintering.

Additions which inhibit discontinuous grain growth permit at£aiﬁ-
"mentvof—higher-densicies because~pores_are_not-trappeduwithin_gfaiﬁsku_d- .
Coble has produced theéretically dense aluminum 6xide by usiﬁg a |

magnesium oxide sintering addition.lf2

B, Hot-Pressing

Densification during hot-pressing is generally .considered to occur
~ by some, or all, of three mechanisms: (1) particle rearrangemen;,_:
(2) plastic flow, and (3) stress~enhanced diffusion,

The first compaction that occurs during hot-pressing has been

observed by Felton13 14

and Hashimoto™  to be'paftidlg rearrangement and
4 éometimes fragmentation under the influence of the applied stfesé.'?
ﬁurray.et'ai.15 hgvé modified the‘plastic flow sintering modél i
of Mackenzie aﬁd Shuttléworthl6 to describé thé beh;ﬁior of someA |
‘materials during hot-pfessing. They reﬁained the'conéeét thatvthé?
.compact powder deforms as a Bingham solid_but replaced éhevgreésurg
' due~to-§bre surface energy by the externally applied pressure for the
driving;force. An‘important aspect of their theory is that a charac-
teristic end-point bulk density exists for each combination of_teﬁ-.'t

peratu?e and pressure for hot-pressing a particular material.‘ Theyil‘
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of magnesium oxide and aluminum oxide, and by Rossi

concluded that the densification of several oxides and carbides during

hot~pressing could be described by a plastic flow model.
- The Mackenzie-Shuttleworth model cannot be applied to the hot-
pressing of all materials because it requires dislocation motion. A

modified NabarrofHerring17’18 diffusional creep model has béen used

" to interpret densification during hot-pressing, particularly where
‘plastic deformation is not possible. This diffusional creep mechanism

v'-has been used by Vasilos and Spriggslg’zo to interpret densification _

21 for aluminum

oxide. Activation energies for densification of these oxides during

hot-pressing agreed with those for self-diffusion, but calculated

diffusion coefficients were several orders of magnitude greater,

There is considerable evidence by these investigators that diffusion

.1s enhanced by stress.

C. Hot-Pressing with Additives

Sintering additions cften have the same effect, but to a greater
éxtent, in hot-pressing processes as in normal pressureless sintering.
kingery et al.22 observed that ﬁhe major effect of applied pressure
on densification of some solid-liquid systems was to incfeage the

initial rearrangement of the solid particles., The applied stress

level determined the mode of densification subsequent to rearrangement, .

At low pressures solution-precipitation processes occurred and at high
pressures plastic deformation was observed,

Ricel has produced fairly‘transparent poiycrystalline magnesium -

oxide by hot-pressing magnesiuﬁ oxide powder with a small lithium



fluoride addition and a subsequent heat treatment. He suggested that

lithium fluoride might aid densification by increasing rearrangement

and consolidation due to lubrication of the magnesium oxide particles,

and that it possibly contributes to the continued sintering which
occurs during the subsequent heat treatment by creating defects in_;
the magnesium oxide structure. He did not comment on how lithium
fluoride affeéts densification after the initial consolidation has

occurred in hot-pressing.

o
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III. EXPERIMENTAL PROCEDURE

A, Apparatus

Pressing was done in graphite dies presaturated withliithium
fluoride in a vacuum hot-press furnace shown schematically in Fig. 1.
The 1.5 in, i.d. dies were heated by radiation from a Kanthal coil
wound on a ceramic core, Two Pt-Pt 10% Rh thermocouples were used:
one near the furnace windings for control purposes, and another in

the die wall to measure the sample temperature, The accuracy of the

temperature measurements was estimated to be withinm #£5°C. A vacuum '

of about 100p of mercury was used only to protect the graphite dies

from oxidation,

Pressure was applied by a manually operated hydraulic jack which
moved against ;he water-cooled copper ram. Compaction of the powders
was recorded continuously with a linear variable differential trans-
former which measured translation of the hydraulic ram with respect
to the furnace top.

Furﬁher heat treatment was done in a small Kanthal-wound vertical

tube furnace,

B. Sample Preparation

Batches were prepared from Baker and Adamson reagent grade MgO,
Lot No. YOll, and J. T. Baker reagent grade LiF, Lot No. 2380. - (Usiﬂg
the electfonAmicroscope, the smallest magnesium oxide particles”were
determined to be approximately 0.1y in diém,) Two percent lithium

fluoride was mixed with 30,0 gm magnesium oxide by tumbling the powders
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in isopropyl alcohol to insure even distribution. The slurry was dried
in an oven and the resultant cake was broken and hand~stirred with a

spatula, and placed in a dessicator under vacuum for several hours.
C.. . Procedure

For most experimental runs full pressufe was applied at room
temperaturé. ‘Pressures ranged from 570 .to 4000 psi_and.the heating
rate was 5,5°C per min. Heating under pressure waé continued until
the desired final &emperature was reached which ranged from 775 ﬁo
975°C. The length of time the sample was held under pressure ét the

"final temperature varied from zero to SUhrs. |
“ The hot-pressed samples were slowly heated overnight to 1300°C

and held there for 3 hrs, This firing was done in air,
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IV, RESULTS AND DISCUSSION

Densification behavior under various hot«pressing conditions was
oL S - : Sy :
~analysed to determine the necessary conditions whith

#y. b -
IR TEO
$ield & wagtiesium
. oxide specimen which will become transparent during the spreqﬁent

heat treatment. Possible densification mechanisms are also discussed.

A, - Phenomenological Aspects of Hot-Pressing Process

The effect of lithium fluoride on the densification of magnesium = T
oxide is shown in Fié. 2. Wheﬁ 1705 psi isAapplied at room temperature
arid the heatiﬁg réte is 5;5°C éer min, densification (baéed'on the -
linear éhange in the speciﬁeh iength)'begiﬁs near 570°C ahdjas essen-
tially‘complete By the time melting point of lithium'flﬁoride i;
reached (846).23' Figuie 3.shdwé How densifi;atign is affected by
varfing the applied pressure. Idcreésing or decreasiﬁg the pressure
redﬁces or extends thé time reﬁuired'to complete densification'during
.hotep;essing. Note that compléte densification was ﬂot achieved with
580 psi within the temperature limit of 925°C of the experimgnt a&d
that no discontinuityroccurred in the densification curve atJthe
melting point of }iﬁhium fluoride, The temperature.éorrespondingvto
the beginning of ragpid densificatiénlwas approximately betwéen 560
and 575°C. | o |

The dependencé of the heat-treated apéearance on tﬁe hot-preésing :
conditions is indicated in Fig. 4, .Tﬁe powﬁer compaéts in this case - |
were heated under pressure to the‘final desired temperature and held

. at this temperature for 3 hrs before the pressure . was released and
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. klnetlc process and that there is a proper comblnatlon of temperature
Vpressure, and time requlred to proauce a specimeﬁ which Wlll

‘trarsparent during the subsequent heat treatment;

tively: 2840 psi applied at 850°C and held 10 min = 0.3#; 2275 psi .

e14-

the furnaee cooled From Figs 3 and 4 it is evident that this is a .

To produce a specimen which will become transparent during the

final heat treatment, it appears necessary to achieve or at least come

'olose to the eheoretical denéity for the two-phase system of magnesium
'g'oxide_aﬁd-lithiqm»fluoride during hot-preesing. Table I lists :he,,_,,elef_“
',xhoc—pressed densities and fieai heat-treatedvappearence for a nomber

‘of ﬁotfpreseing conditions. Every specimen weich did develop the

desired transparency had a relative density of 99.5% or greater after

hot-pressing, based on the theoretical density of magnesium oxide,

Also, a eertain degree of translucency in the as-hot=-pressed specimens

was found to be a necessary but not sufficient condition for eventual:

‘transparency.

Most of the lithium fluoride is thus removed during hot-pressing. -.

Ve
For example, a specimen which began with 4 wt’% contained only O. 2 wt%’

-after this step of the process, Much of it is squeezed out of. the

compact, and some escapes by vaporization.
It has also been observed that some grain growth occurs during B
the hot-pressing process as shown in Figs, 5, 6, aﬂe 7. The hote

pressing conditions and grain size after hot—pressing were, reépece

applied at room temperature, heated tol850°C,rand held 3 hrs - 1.2p;

*Reported as lithium oxide, Determined by American Spectrogrephic |
~ Laboratories, Inc., San Francisco, California.




Table I.

hot-pressing, and heat-treated appearance,

Hot-pressing conditions and density after

Heat~-treated

Hot-pressing conditions Relative density (%)* appearanceT
4000 psi to 875°C, held 3 hrs 99.6 O
4000 psi to 850°C, held 3 hrs €9.6 O
4000 psi to 825°C, held 3 hrs 99,6 @)
4000 psi to 800°C, held 3 hrs 99.5 ©
2275 psi to 900°C, held 3 hrs 99.6 @)
2275 psi to 850°C, held 3 hrs 99.5 O
2275 psi to 800°C, held 3 hrs 9%, X o
1000 psi to 925°C, held 3 hrs 99,3 ©
1000 psi to 875°C, held:3 hrs 99..3 o
1000 psi to 825°C, held 3 hrs 98. 9 o
1705 psi to 875°C, held 5 hrs 99.6 )
1705 psi to 875°C, held 1 hr 99. 4 e
1705 psi to 825°C, held 5 hrs 98, 2 o
2275 psi at 900°C, held 1 hr 98.5 O
2275 psi at 850°C, held 1 hr 99. 0 o
2275 psi at 800°C, held 4.6 hrs 98.9 o

3

"Based on theoretical density of 3,581 gm/cm”., Densities were
measured by displacement in ethanol using an automatic analytical

bal
~was

To

translucency.

ance,
0, 1%,

= transparent; O

opaque or poor translucency; ©
Specimens were approximately 0,280 in,

The accuracy and reproducibility of these measurements

= good
thick,
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2275 psi applied at room temperature, heated to 900°C, and held

3 hrs - 1.9u. The specimen in Fig. 6 did become‘transparent during
the subsequent heat treatment. If it is assumed that its density of
99.5% of the theoretical density of magnesium oxide is due .to the
presence of a lithium fluoride phase which -exists only as é £film
surrounding each magnesium oxide grain and ﬁhat the grains are spheri-
the célculéééd thickness of the film between ﬁhe grains.becomés

2

) . . .
about 60 A, The actual thickness, however, is less because there are

scattered inhomogeneities that appear as pores after the final heat

treatment, Therefore, the apparent inclusions at the grain boundaries

in the photograph are probabiy the result of the surface replicatiﬁg
techni§ue. If too much lithium fluoride remains as a result of inade-
quate hot-pfessiﬁg conditions, the porosity whi;h develops.as the
additive is removed durihg the subsequent heat greatment may not be
removed by thevadditional sintering which occurs dﬁring this step;

this final porosity results in a translucent specimen, If the lithium

fluoride is present as a thin film and is not concentrated in pockets

at grain boundary triple poiﬁts, etc,, its further removal during

final heat treatment does not result in‘porosi;y; the specimen is

then transﬁarent,

B. Densification Mechanisms During Hot-Pressing

t

For 'lithium fluoride to be so effective, it must be evenly

.distributed throughout the magnesium oxide powder, Since 2% of

relatively coarse particles is an insufficient amount to have all

magnesium oxide particles in’ contact with lithium fluoride particles

i
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(assuming ideal mixing)L there must be some process thch distribntesv_:
it throughout the powder compact, |

'The formation of a eutectic liouid-at-the temperature where
densification begins could aid rearrengemenc of éhé poﬁder bf»lnbti-:
cation of7the magnesium oxide particles and’could}lead to a liquid
sintering‘mechanisn as well as distribute the lithiumvfluoride. -How=

_ever; ﬁTA‘stndies of various mixtures?of the two materials detected
:nolldquid formation other than the melting of pure lithium fluoride,
'Also,.there was no evidence of anf liquid formation or reaction between-
single ¢rystals of the two materials that wereAin contact at 840°¢ for
one~half hour., If a eutectic'does exist, its composition and temperaé
ture must be very close to that of lithium fluoride and its melcing
point, Because densification can occur at temperetures where no liquidA
was observed end it apparently was not enhanced by the'presence of'a.‘
liquid at temperatures where liquld is known to exist, a liquid phase
'sintering mechanism does not appear to be operative, ..

At the lower temperatures lithxum fluoride must then be dzstrxbuted '
throughouc the powder compact thrOugh its vapor phase or by surface _ |
diffusion, 1Its equilibrium vapor pressure near 575°C ;s about 10~ -7

. etm24 which {s sufficient for distribution.throuéhout‘the syscem since-.
~ the vapor tends to occupy all available volume, Vapor coming in con~
,cacc with the surface would be expected to intefact‘witn :he_snrfece _'

because sessile drop ekperimenCs indicated a contact angie of about
200, | o |
Stress enhanced’bulk diffusion is often considered to be the

 densification mechanism following the initial rearrangemen: during

¢
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hot-pressing, Also, there is evidence that some mass transport process
does occur since grain growth did occcur during the hot-pressing process.

Consequently, using the Nabarro-Herring relation

. €krTd"
40 Q oevf
where D = diffusion coefficieﬁt (cmz/se;),l
é = strain rate (sec‘l),  o |
'k = Boltzmann's constant (1.38 x 10-16 ergs/°K),
T = absolute temperature, | -
d = grain diamgter (cm), ‘
Q = .vacancy volume (cm3), and
o, = effective stréss (dyn/cmz),

in'conjuqétion with the density-vs-time curve shqwn in Fig. 8 fbr thef
sample pressed at 800°C wiﬁh 2275 psi, the calculated values.of the
diffusion coefficient were of the order of 10_4 to uﬁity for densifiéa-
tion up'torabout,9S% theoretical density, These values are many orders
oflmagnitﬁde larger than the apparent diffusion coefficients calculated
by Vasilos ahd Spriggs from hot-pressing data for magnesium oxide with=
out any additives.l9:20'

If the densification mechanism requires.diffusion,-then.these
. abnormally large calchated diffusion coefficients indicate tha;
lithium fluoride must enhance diffusion in some wéy. *Diffusion of

o+ - . . . o . .
Li" and/or F~ into magnesium oxide would increase its bulk diffusion

coefficient by creating vacancies in order to maintain electroneutrality,
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To determine if there is aﬁy intérdiffusion of magnesium oxide-
and lithium fluoride, some singlé-crystal magnesium oxide was ground . .

in a mortar to -200 +325 mesh and hoc-pressed with 20 wt?% lithium

. fluoride so that the microstructure could be observed and the electron

beam microprobe utilized. Unexpectedly,. this sample did not densify

at all when heated to 950°C under 2000 psi, The microprobe was set to'.

~ analyze Mg-Ka radiation to determine if there was any interdiffusion

of Mg++ and L£+, particularly in the lithium fluoride phase, No diffuf'

'sion was detected by either microscopic or electron probe examinations..

Although no diffusion was detected, the data from the microprobe, how-

. ever, were somewhat. inconclusive because of the difficulty in obtaining -

‘a polished flat surface due to the great difference in hardnesses of

magnesium oxide and lithium fluoride,
The final low content of lithium fluoride in the hot-pressed ST

specimen and the further decrease in amount after the heat-treatment

.sﬁage also argue against a bulk diffusion mechanism, Hdwever; thé

formation of an "activated surface' layer of the type proposed by

Tacvorian, within which diffusion can occur, is a possibility.  Be¢éuse

- of the very fine magnesium oxide particle size, the effective thickness v

of such a layer may include a significant amount of the particle. .

. R { . : . A‘.
. -Surface diffusion coefficients can be several orders of magnitude

larger than bulk diffusion coefficients and possibly the diffusivity

in this layer could be as large as the values calculated using the

Nabarro?Herring diffusional creep model, The enhanced densification V
. (approximately 80% of theoretical density) Atlas observed after 2 hrs

at 800°C when a lithium flouride agditisn was usedlo ﬁay have been.



'";‘ deformed the contact area would increase and the stress would decrease.

. =22~

:nue to the-fofmation'of a leyer of inereaSed diffnsivity; em'possiblyf‘

}to the result of rearrangement of particles whlch was aided by a :{;‘?"':'
;eilubrieating film of lithium fluoride, |
- The'rapie densificatibn mhich occurs a;,relatively leﬁ”temperae f:ﬂ
'_tnmes and stress suggests that some type of'deformation’pfeeess may-be::‘.
'operative; The seress levels, however, appeas to be too low in §he B
;,ﬁémpefature range where'densificetion-is observed to begin, GeneraprA;}7
?fnulk plastic deformation of completely constrained partieles:wouid v
reénire dislocation motionvon'both.the {110} <110>~and {100}.<110>' '
_ 511p systems 2. Yleld stresses measured in compression for magne51um.

‘oxide at 600°C are about 8000 p51 for the {110} <110> Sllp systems25 _F}éﬁf

_’and nearly 40 000 psi for the {100} <110> 511p systems.26 Nevertheless,f:f
fisome plastic deformation may be possible before compactlon of the B
'”2partic1es oceurs,. Conssraints at tnis stage.would be at a minimum andﬂ.fsf
lubricet;on of'tne particles by lithinm fluoride could allow some .
.?Afavoreble‘rearrangemenn of partieles fon flom.: Furthermere,_stress AR
'sconcentrations at consact points p;obablyrexceed tne.eritical'shearlaff
’:stress for the'{loo} <110> slip systems, bnt it is expeeted_that.thei?Qf:'“

- amount of deformacion would be limited because as the particles -

.‘Also, in an investlgation'on.the mechanical behavior‘of poLycrystaL;ineékkn
fl lithium fluoride, dislocation movement was.observed nea:“grainiboundef.xif
- ries on slip systems which required.nearly ten_times'tne calculated - e
' shear stresses on these systems;27 But :hese‘stress concentratiens
-should exist whether lithium fluoride is present or not and.lithiumAf;;tls

c ffuoride is necessary for densification, Lithium fiuoride could'315671 s
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‘from single-crystal magnesium oxide was used, ' - I

_ from single crystal and the powder from Baker and Adamson, when Hot= .

- by using presintered powder, Rice1 also observed that célcining the

'magnesium oxide powder prior to hot-pressing with lithium flﬁbride»was

~ .densification mechanisms are proposed, each requiring a very fine

-23-

aid deformation by removing or displacing an adsorbed surface layer

which prevents dislocations from forming or from passing out of the
particles, but there was no densification when the coarse powder g¥ound

i
i A
-

oo \ Do
The différence in densification behavior of Ehé pdﬁderjgroun&';§;»
pressed with a 1itﬁium fluoriae addition,'must be dué to sd&e-diffef- . .
ence in the magnesium oxide powders. The only differences between the
two powders are the particle size and perhaps a structural difference
because the powder from Baker and Adamson was érobably'forhedvbi a
decompdsition or precipitation process. Some of the reagent powder
' )
ﬁas presintered before beiqg hot-pressed with lithium fluoride so the:
effect of particle size could be observed. Unfortunatély; the partial
sintering also anneals structural defects and thus the variables of

particle size and defect structure were not separated, Figure 9 shows

that densification is delayed until higher temperatures are reached Co ;

detrimental to the final density.

e e T+ —tom. 7 ot e =

Based on the analysis of the experimental evidence, two possible

magnesium oxide particle size:

———

(a) The very small size particle of the chemically prepared
powder permits deformation of the particles at reduced temperatures

and stresses; and the primary function of lithium fluoride is to form

a lubricating film on the magnesium oxide particles which prevents them
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from friction welding together. In the absence of lithiumvfluoride the

particles weld together and the resulting agglomerate behaves under

.the applied stress as if they were large particles, and higher stresses

are required for deformation.

(b) 'Lithium fluoride interécts with the magnesium oxide surface
and creates a layer of greatly enhanced diffusivity, This Yactivated
surface" comprises a significant amount of the bulk material because

of the high surface-to-volume ratio associated with the very fine

magnesium oxide particle size. Then, densification occurs by a diffu-

sional creep process which is enhanced by pressure,
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V.. CONCLUSIONS

'Transparent polycrystalline magnesium okide can bé faﬁficacéd‘by
hot-pressing the powder with a small lithium fluoride addition, aqd a
subsequént ﬁeat treatment. The hot-pressed density must be at least
99. 5% of thevthéoretical deﬁéity bf magnesi;m oxide for the final heat
treatﬁent to yield-a transparénﬁ specimen, .Because the densification
kinétics vary with the temperature and pressure, the hot-pressing.'
proceés'm;st be designed to yield this critical density,  Using‘;e@-..
‘peratures as low as 825?0 with 4000 p;i, magnes {um oxide‘powder with
2 wt% lithium fluoride can be hot-bressed to near theoreticél density‘
and become transparent during a subsequent heat treatment at 1300°C.

Densification during hot-pfessing of magnesium oxide powder con-
taining a smallvlithium fluoride addition requires that the powder be

of very fine particle size which is maintained by the presence of

lithium, Then, densification occurs by.a deformation process. associated

4With the small particle size of the magnesium oxide, or by a diffusional
creep process in which lithium fluoride also enhances diffusion in
magﬁesium oxidg; If.deﬁsification occurs by diffusional creep, lithiﬁh
fluoride probably eﬁhances diffusion by‘créating a éurfacerlayer of
high diffusivity and not by enhgncing bulk diffusion.

It is recommended that this study be coqtinued. A mathematicai

~analysis of dislocation behavior in small crystals should be undertaken -

to determine the validity of the hypothesis that deformation of veiy_, |

fine submicron particles is easier than deformation of larger crystals,

It is also recommended that the problem of ‘the possible diffusion of

&
1

- lithium fluoride in magnesium oxide be further investigated..
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