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Abstract

o mterde powder was synthesized i a el
cemperatire pas phase reaction process of aliwnmninnm
vichovide watle anwnoma me flowing mnogen at
aosphere nra graphite reactor at 1600-1800 € Afre)
Juintfication of the reaction product by sublimation of
anvnonnm clloride at QOO0=1100 C and calenation at
SO0 1200 C o mtropen atmosphere a lugh-pin
o ncde povweder ot lowe vestdual chlorme

2w ) and ovveen (08wt ) content and a
spectfie sufuce area of TS e was obtamed  The
nonwder was doped witl vavtous amounts of Cal'y and
suitered to full densiy at IS0 Coan boron i ule
ractbles  Thevmal - conductnty after simtermy
veached 1200 mk and could be mercased up 1o
20000 ok by doh annealmg ar 185 C o reducig
atmosphen ¢

Alunnnnmuiridpuleer warde uber cimen Hoch
temperaturgasphasensyutheseprozeffcon Alummm
trrchlored vt Avonomab e fiefender N ooy
plcire ber 1oO0 1800 Come cmem Graplatreak tor
hevgestellt: Nacl Renngimy des Reah tronsp odub ey
hech  Sublunation con dAnwnonnonehlorid — ber
A TTOO C aned Calcovnerany ber 1XO0-1700 ¢
Ny dmnosphare wurde e hoclnemes Ao
mtridpalver ot e medrigen Resteldor
02 Masse Yo ) und sauerstoffechalt (08 Masse
“o b sonae cmer spezifisehen Oberflache von ™y p
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Giteal Britamn

crhalten Das Pabver warde vut wnterse nedhichen
Gehalten con Caby dotierr wnd e BN Tiepeln be
(800 C u vollstandiger Diclite pesotert e
Warmelenfalughert cvvewhte nach dem Smiern
200 mk nd honnte el 16 h dustaperung m
veduzierender dnmosphare bec 1ISYO-Canf 220 10 ik
sestereert werden

O a svthense de la poudee de mitnw e dalimminan
parrcaction en phase gazense d e températin e de
trchlorur e d'alnmiant avee de Panmmoniae, sons fli
dazote dans wn réactem graphie a 1600 1800
Apecs avon puifie le produte de la reactiion en
sublunant le chlorur e d'avmnontan a 900 1100 C ¢4
enle caleniant a OO T700°C sous azote. on obtient
une powdre de nin e d'alwnmnn vés pure, conten
ant pew de clilove adsiduel (o 02% pd ) et pen
dovigene (080 pd ) et avant ane specifique de
Tyt g Onoa dope i pondre avec des quantatés
differentes de Cab o poas onc Facfrinice jusgn’a 1007 de
la densid théorgue a 1800 C - dans des crensets en
nitrare de bore La conductind thermgue apres
frittage pent attenwdre 12000 mK e coe amcélionee
pusquea 22000 K par v ecnt de Iolea 180 Cen
atmosphere réductrice

1 Introduction

Aluminium nitiide ceramues ol high thermal con
ductivaty (v~ 150-250W mK) and electrical resis
vty (p - 10 Qmyatroom temperature (RT)are ol
Icreasing nterest lor appheations o micro
clectrome and electromechamical devices ' Alumin
i nnde ceramies, for example, have been used
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commercrally Tor packaging, hybrid substrates and
multichip modules.” ¥ as heat sinks lor thyristor
modules and submount substrates for laser  and
light emitting diodes # The high thermal conducty
1y 15 one of the kev properties ol alumimum nitnde
cetamics which are charactenized by low density
(326 em’) hugh hardness (H, - 1500 GPa) and
good mechanmical strength (300-400 MPa) b Under
tiasial loading conditions AIN was reporled (o
undergo a brittle to ductile transitton at+ 550 MPa
which gives nise to considerable plasticity during
dynaimic compaction * Other properties of potential
mterest mclude chemical mertness towuards metalhe
melts, o thermalexpansion coethieient ¢lose to that ol
stheon (v ~dd - [0 K [rom RT to 400y,
semiconductivity of doped aluminium nitride with a
large band pap energy (117, ~ 6 2¢V at RT), opucal
fransluceney and high optical transmittiance i the
mirared region (2 ~ 6 pm). low dielectne loss
(tano - 3« 1074 at | MHz) and prezoelectricity.”

Sintered products ol extremely low onic impurity
content (+ 02wt ol oxygen and < 002w("s ol
metalhe mpurities (Si. Fe. Mgp and an average gram
size rangmg trom o 1S gm are required to achieve
a thermal conductivity value above 200 W mK al
toom temperatie o polverystalling  alumimmum
nmitnde  (theoretical  value  in single  crystal
VOW mKk)" 'Y With mereasing substitution ol
oxveen atoms on the nitrogen sites in the wurtzile
structure alumimmm vacanceies have to be formed to
maintam charge balance '

AIN + VALO, = AL (N (OQUV L)

and the topology of the primary defect-type changes
lrom solated clusters 1o two dimenstonal extended
mversion domain boundaries 'Y 7" The large
localized mass differences mtroduced by the alum
intum deficieney lead to considerable anharmoniciry
within the lattice which leads to increased phonon
scatterig and causes a dramatie reduction in the
thermal conductivity It s evident that a ligh
thermal conductivity can only be achreved il the
imputity content mn the AIN crystal lattice can be
kept low in the startmg powder or cun be reduced by
appropriate processing steps

The chenical composition and grain boundary
microstructure ol polverystalhine alummium nitride
materials can be tatlored 2 wide range by
controlling the high temperature reactions which
tuke place durmng sintening and annealing in
reducing atmosphere Alkaline-carth metal as well
asvirum and rare-eurth metal compounds are used
tor sintermg ol alummmum nitride at 1500-2000 ' n
mtrogen atmosphere * ' These dopants react with
an amorphous oxide him on the AIN particles
having a typical depth of around O d=1 2 pm® (o lorm
a hiquid phase, which promotes densihcation by

particle rearrangement and solution-precipitation
upon sintermy. as owell as gramm growth during
high temperature annealing * The oxygen content in
the smitered AIN can be siprificantly reduced by
catbothermal reduction ol the sintered matenal
dunmg annealing m a4 carbon contammg  atmos
phere at 1800 20000 C ' Due to the reduction of
the oxveen content below 0 1wty thermal condue
tvity of an Y0, doped AIN could be drastically
mereased, e g oup to 200 W mk alter 24 hannealing at
900 ¢

Alummimm mtride powders of high sintering
activity are required m order to reduce the amount
ol secondary phases and the duration ot lagh
temperature treatment Powders with particle sizes
less than | gm which are mamly produced by direct
nitridation of alunnium powder below 700 €' or
carbothermal nitnidation ol fine alumina powder in
nittogen atimosphere above 1000 Clare readily avail
able While the powders from mitnidation of mietallie
alumimmm usually have to be nulled to attam o high
sintermg achivity, the powders produced by carbo
thermal reduction olten continn a significant amount
ol excessive curbon which has to be removed m a
sepatate processing step A vanety ol alternalive
synthesis techmiques such as direct nitndation of
alumma by ammonmac pas,'™ thermal decompo
sttion of halogenmdes, amides or alkyl compounds of
alummmm i nitrogen or ammonia al lemperatures
of 500 1300 €' have been developed on a labora
tory scale Ultrafine powders with particle sizes less
than S0 nm were produced by reacting Al with NH
i an electnie are plasma furnace *Y Powders of high
chemical purnty could also be obtamed via thermal
conversion ol electrolytically  formed
polyimmoalane at 850 C*' or nitndation ol Ly
doped aluminium melt at 1000 ¢ 450

In this paper the synthesis of alummium nitnde
powder using a high temperature gas phase reaction
process was examimed. The powder was doped with
calcium difluonide as non oxidie sintermg aid 1n
alcoholie suspension Thermal conductivity of the
sintered and annealed matenal was measured and
correlated to the microstructure development dur
mg ligh temperatime tricatment  Characteristic
property diffierences of the gas phase svnthesized
AIN powder compared 1o powders produced by
other techmques will be outlined and the greal
potential of this powdet lor the fabrication of AIN
ceramics with low mmpurity conlent and high
thermal conductivity will be demonstrated

2 Experimental Procedure

AIN was prepared by gas phase reaction ot AICT,
with NHy ina graphite tube reactor at 1600- 1800 'C
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Fig 1 Hlow chart ol the vas phase reacton walem

m Mowmg N, atmosphere accordimg to
AlCT, + NH, — AIN + THCI (1

Frgure | shows the low chait ol the graphite reacton
sestem: AKCT, was formed i st by reacnion ol high
purtty alunmimiam forl (purity. 99°95% - Merck,
Darmstadt, Germans) with HCgas i a quartz tube
reactor and supphed to the AIN reactor with an
accuriacy ol £ 2vol e A storchiomettie ratio ol
ALCT, o NH was adyusted o the nitrogen gas
strcam - Typical reaction condiions are histed
Tabhle |

The reaction products ¢ AIN AICT vNH,
adducts and NH CLwere collected by a Alter system
momert gas atmosphere AICTH A NHand NH
were removed from the reaction product by sublim
atton at 950 C o N, atmosphere Tollowed by
calemation treatment at 1600 Coam N, lor 2h
Agelomeriates were crushed by milling the powders
moa et millbm N atmosphiere The speaihe surlace
areca ol the powder was determined accordig to the
BET merthod (Quantasorb, Micromeritics, Noreross,
LISA) and the gram size distitbution was measured
m diluted powder suspensions i isopropanol using
laser granulometiy (Mastersizer. Malvern Instru
ments Lid, Worcestershire, LIK) Chemical compo
stion ol the powders was analysed according o

Table 1 Typical reacuon condinons for lnglo remperature pa
phase ssnthests of AIN powder

Reaction iemiperature 1600 1800 ¢

AlCT, Teed rate 2-6mol h

NH, fow rale VI8 mol h

N How rate 700 1000 Titres I

Total pas flow rate (N + NH ) KOO - 1500 Tieres I

vatous procedures N O and € contents were
deterimmed v the thermal extraction method
(ON and S Matanalyzers Stohlem, Kaars
Gietmany) Steontent was analvsed by photometry
(Photometer 22, Perkin Elmer. Uberhngen, Genmany)
and  C1ocontent was mieasiied by potent
ometne ttration {Potentiograph, Metrohm, Essen,
Germany) Metalhe impurities were determined by
an 1CP ennssion spectral analvser (Instruments SA.
Pare, Franee)

Powder processing was cartied out m N, flled
olove boses 1o mmimize oxygen pick up due to
hydirolvsis when exposed 1o ann CaF, (Merck,
Darmstadt, Germany) was used as the sitermyg ad
fo prepite specimens contamimg 2 8w Cak,
The Caby powder was mechameally blended with
AIN by lugh shear nulling i died ethanol. The
powder mixture was doed moa rotary evaporaior
under reduced pressure and hinally sieved

The powder mustures were sostatically pressed
mto pellets ol 10mm i herght and diameter at
600 MPu pressure Packmg density ol the green
specimens attiamed S5%0 of the theoretical density
The green compucts were sifered in closed BN
cructbles at 1800 C e N, atmosphere for 3h m a
praphie heated tube furnace (Thermal Technology
Ine Santa Barhara, CAUSA) A linear heating rate
ol 15 Comim o was apphied and hinear dimensional
change was 1ecorded by a diflerential dilatometer
system (Ingemearburo Vakuumtechmk, Hambury,
Germany) Alter sintering, the hnal density was
measured by the hgquid displacement method 1n
toluol. The sintered samples were annealed  al
1850 C Tor ddTerent penods up 1o Toh i nittogen
atmosphere Due to the very low oxypen partial
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pressute 1n the carbon-heated lurnace the oxygen
content ol the sintered specimens can be signiicantly
teduced by carbothermal reduction and evaporation
ol gaseous reaction products during annealimg.

AIN substrates were prepared by lape casting,
laminatimg and sintering  AIN shps contaimng
Jovol "o of AIN powder m a mixture of methylethyl
ketone and ethanol was mised with the appropii-
ale amounts ol dispersant (phosphorous acid ester),
binder (polyvinylbutyral) and plastfier (dibutyiph
thalate and poly(ethvlene glveol), homogenized for
6 h. degassed and subsequently cast onto glass
substrates using (wo doctor blades Laminates with
a thickness of I'mm were formed by stacking 20
layers of the tape and pressimg at 110°C at SOMPa
pressure After dewaxig at SO0 C tor [2h man the
Lruminates were pressureless sintered at [850C [or
2h

Thermodynanie caleulations usig the micro
computer program Equitherm (VCH Verlagsgesells
chalt, Wemnheim. Germany) were carried out
order to estimate the magnitude of partial pressures
resulting from the reaction ol the powder constitu
ents durmg smtermg and subsequent annealing in
reducimg  atmosphere Thermodynamic data of
televant condensed and gas phase species were
taken from Rel” 24 Buased on the principle ol
mimimum Gibbs free energy, the program calculates
phase equilibria compositions (condensed and
piseous phases) for a given set of variables of state,
Le system composttion, temperature and pressure
The results are presented as partial pressure
diagrams versus temperature or carbon activity in
the annealimg atmosphere, respectively

Crystalline phase composition of the powder and
sintered products wus examined by XRD (PW 1729,
Philips, Eindhoven, Netherlands) using mono
chiromated Cuk, radiation The nucrostiucture of
[ractured surfaces ol the smtered and annealed
specrmens was analysed ma 200kV TEM (2000 F X,
JEOL Ltd, Tokyo, Japanyand [racture surliaces were
examined by SEM  Thin foils for TEM were
prepared by dimphng and on milling according to
the standard procedures

Thermal diffusivity » was measured at room
temperature accordmg to the Hash method ** A
high power photo Hash system was used (o generate
the heat pulse on the specimen surface. Dises with a
diameter of TOmm and a thickness of dmm were
coated on the front side with a thin layer of carbon to
ensure uniform absorption of the flash energy at the
sample sutface Temperature vanation with time
wus meuasured using a Cu=Ni thermocouple which
was sputtered on the rear side of the samples From
the thermal diffusivity # thermal conductivity n was
caleulated (v = ¢ ps) by taking ¢ = 0:76 [or the heat
capacity and the density p ol the samples
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Table 2. Typical composinion of the pas phise synthesized AIN
powder (n wi'y)

Al 6d 4 Si 0oty

N\ 126 Fe 0non7
() [T Ni 00002
[ 0078 Cr+Ca+ Mp 0008
'l 02

Sym’ ) 7 oy (im) 04

3 Results

3.1 Powder synthesis and processing

The gas phase synthesized AIN powder 1s character
1ized by a Tow impunity content and a specific surlace
area ol 75 m? g Anoxygencontent ol 085wl and
a content ol curbon and chlorme of less than
O 1wt and 023w, respectively. was obtained,
see Table 20X ray analysis reveals AIN as the only
crystallme phase Figure 2 shows o SEM micrograph
of the powder morphology The powder particles
exlubit sometric 1o prismatic shape, as can be
expected from the hexagonal crystal stiucture ol
wurtzite type AIN  An average gram size ol only
O+ pim was determined by laser granulometry alter
etmillmg Figure Yshows the gram size distribution,
with 80%o of the particles having a diameter within
0210 1 2pam The uniform powder morphology and
the narrow size distribution are tvpical tor the as
grown product in contrast to crushed powders,
which usually show rather irregular morphology
and a broad size distribution #

When exposed to an aqueous envitonment very
fine AIN powders penerally tend 1o be rapidly
hydrolysed, due 10 a buase catalysed reaction,
resulting i a signitheant oxygen pick up.*® For thns
reason a varety ol surface chemical modifications
has been developed to hvdrophobize the AIN
powder sutluce For example, reactivity with water
could be sirnificantly reduced by surface adsorption
ol a monomolecular laver of a ligher carboxyhc

Fig. 2. SEM muctograph ol the pas phase svathesized AIN
powdcer alter high energy et mlhing
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Fig v G sze dstnbunon ol the AIN powder mieasined by
Leer eranulometry

acid Y The orgamie molecule s bound to the powdel
surface by a covalent linkage ustng the hvdroxyl

sroups present on the powder surface ** Stability of

AIN powder versus hydrolysis can be tested by
ceording the varmtion ot pH ol an agueous
dispersion with time  because the pH s closely
elated to the amount of NH generated during the
avdrolyas ol AIN

AIN + 3H,0 = AIlOH), + NH, ()
NH, + H.O o [NH,]* +[OH] (3)

Frgare 4 shows the varnation of pH ol distilled water
Wrer dispersing 05 vol "o ol as synthesized AIN
powder and altercoatmg witha long cham carboxy
he acrd  Surface modification was achieved by
nising the AIN powder with a solution ol octade
canoie aad (C Hy COOH) ana reaction flask
under tigorous stiurmg - While the as synthesized
powder readily reacts with water, the sutface treated
powder temaims unaffected and no pH change could
be observed within the leaching period  Thue
surlace modihcation by adsorption of suitable long
Jhan orgame molecules ke suitable carboxyhe
acids may significantly reduce hvdrophobiaty ol the
powder wlich s ol particular sigmficance fo
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Fag. 5. sintenme belinviom of AN doped wade dwi®a Caly
durmge heatme with o constant heatmg rate (1 € nun)oand
rothermal holdmg m N atmosphere

lacthitated handhing and storage ol gas phase
synthestzed AIN powder with lagh surlace area

3.2 Sintering

Figure S shows the shrmkage curve ol the specimen
doped with dwi”e CaF, durig sintermg with a
constant heating rate ol 1S Cnan o 1800 ¢
followed by an asothermal peniod A fractional
density of 95 (Y09 ¢ em'Y)y was achiesed at 1600 ¢
and o hnal densitv of 2090 (3230 emY) wars
artamed alter 3ol sothermal holdimg The sintered
products are white m colour indwcating the high
putits ol the AIN compact XRD mdicates the
presence ol small amounts ol CaALO . and
CayALOG i the AIN matny (Fig 6ty The two
ternary Caalummate phases which have melting
enmiperatures ol 1602 € and 1539 C respechively *?
hhave precpitated from the hiqd  phase upon
coolmg from the sintering temperature The iqmd
phuse v formed by reacuon of Cab', with AlLO,
present on the AN powder surlace ™ at tempera
tures above 1360 C A s temperature a cutectic
melt ol approsmmate composition 2 Ca@ ALO s

Hon

Bl ’

L1

! ' b
ALY

" Wil L

T T T T T T T 1
1 " 0 0 a o " 0 il
JHY

Fig. 6 XRD spectia ol AN doped with 4 wi”o Cak oy (i) alter
annealine ot 180 ¢ lor Toh moeducing atmonsphere and (b
altter simiteemg at 1800 € lor Y@ CadlLO, CaALOY)
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(b)

Fig. 7. Microsttucture of o wintered and anncaled  AIN

apecmen doped witl dwivy Caby () TEM brght field

micrograph ol erim boundary region (b) SEM micrograph of
[tactured surlave

tormed which promotes denstfication via a liguid
phase sinterig process *

The smtered specimens were subsequently an
nealed at 1850 Cn the sume furnace (o reduce the
amount of oxidic gram boundary phase by carbo
thermal reduction and evaporation of volatile
reaction products, While alter 6h traces ol the
alummate phases are stll detectable, XRD shows no
crystallme secondary phase alter 16h ol thermal
teatment (Frg. 6(a)) The reduction ol prin
boundary phase content 1s contirmed by TEM
analysis Figure 7(a) presents the TEM buight feld
micrograph ol the sumple with 4 wt®o of Cak , after
I6 h annealing, indicatmg that the gram boundaties
are almost lree of any secondary phase and plane
boundaries of well faceted prams have been devel
oped upon grinn growth Frgure 7(b) shows the SEM
micrograph ol o typical microstructure on the
fracture surlace The well-laceted grain morpholog
is assoctated  with o predonunant mtergranular
[racture mode Mean grain size as determined from
direct observation s approximately 10 4m

3.3 Thermal conductivity
Figure 8 shows the thermal conductivities ol the

250

%‘ i annealed 16 h
£ .
Fal
‘E‘. 150 i annealed 6 h
2 = P
H —e— = &
- ? 3 3 8
E 100 as-sintered
|

50 | | L 1

0 ? [ 6 8 10

Laf ; runtent [wt %)

Fig. 8 Room temperature thennal conductivity of AIN as g
hunction of Caky content and thermal treatment

specimens as a function ol thermal treatment and
CaF, content As s to be expected, the reduction ol
seconduary phase content by annealing in reducing
atmosphere resulted o pronounced increase ol
thermal conductivity  For the specimen with an
imtial content ol d wi”o of CaF, thermal conductiy
Hy s onereased from 120Wianmko ol the sintered
specimen to [4OW. mK after 6 b and to 220 Wk
alter 1oh anneahing ot [850h i an open BN
cructble: With imcreasing CaF, content no signih
cant change ol thermal conductivity could be
observed.

4 Discussion

AIN powder can be sinteted with various additives.
with Y, O,, CaOyand rare earth oxides as the mainly
used dopants ' In contrast to the powders formed
bv ditect  mitnidation  or carbothermaul
teduction-nitridation, the pas phase synthesized
AIN powder exhibits significantly lower levels off
thermal conductivity with oxidic sintermg aids,
whereas  thermal  conductivity  values  above
200W mk could eastly be achieved with non oxide
smtering ads such as CaF, and YF| Therefore

partal pressure itog Pal

1000 1200 1400 1600 1800 2000

Temperature [°C]

Fig. 9. Calculuted equilibrium pas pressures over a mistore of
CaF, ALO,m N, atmosphere (sintering)
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Cul, was used as o smtermg aid which decomposes
durmg heating to form o low meltmg hguid phase in
the system Ca-AlL O-N- Calculanon ol the gas
pressures that are i equiltbriium with an equimolia
nusture of Cab'oand ALO N, atmosphere (kg
9) shows AIOF ., ATF | and Cak, to be the mayor
guseous teaction products No residual Cat, could
be found by XRDand TEM sugeesting the exeess ol
Cak o (o an oxyvgen content ol O8Swi®y
(= IXIwie ALOY) an equimolar CaF o content ol
[ AW s calculitedy to be evaporated trom the
posder compact dunmg hieh temperature sintermy
Thus, the overall reaction sequence 1esponsible Tor
higuid phise sntermy (o oceur durmyg heanmg may
be vapressed, 1o fist approsmitiion by

P2Cak () + 12ATL O 8) + N 225

[12C00.0A1,0, 2JAINT0) + 6ATOF (p) + JAIF (p)
()

with CaALO and Ca ALO precipitating trom the
culectic mell npon L'HH]III}_.'”

[ 12C00 6ATLO 2AIN () —
3CHALO ) + 3C0 ALO (5) + 2AINIS) (Y)

Anneahing the sintered specimens i a carbon heated
burnaee e mtrogen atmosphere at temperatures
equal to or above the sintenng temperature signih
cianthy maproves thermal conductivity: From mes
sitements ol the phonon mean free path (10 30 nm
al RT o which s too small to compare with the AIN
s size of =40 gmy i has been concluded that The
oxveen dissolved i the AIN lattice deternnmes the
thermal conductivity and not the gram boundary
plise U The dissolved oxveen content however
s shown (o be strongly related 1o the oxygeen
cotlent m o the gram boundares ol sintered AN,
becanse the chemical reactions Lo mmprove AN
hermal conductivity by deereasing the oxveen
content oceur al the gram boundaries ' From (he
difference ol gram boundary phise composition on
he surtace and i the bulk o selective carbothermal
eduction and mitndation 1reaction of the different
constituents of the graun boundary higuid  way
concluded " For Y,0 doped AIN Tor exumple,
he mteracton with o reducing ntmosphere results in
he tormuation of AIN m the bulk, whereas YN was
tound (o be concentrated m the surfuce regron and
actght loss was attributed mainly to the evaporation
W (O

For the case ol AIN contaming Ca alunimaies an
meongruent vaporzation ol the higuid phase was
postulated to oceur, ™ Calculation ol partial pres
sures ol gaseous reaction products i equihibrium
with a hquid ol o composttion cortesponding 1o
CaALO, at 1850 C shows €O and Ca owith (he

N,
)
(a
| p 19
e (40

L

Y -4 -3 ? 1 0
tarbon athivity [log al

part:sl pressure [log Pal

Fig. 10, Calonbved caguilibrmme gas pressures over Ca ALOY, i
Noatmespliere at IR0 C s g functton ol canhon ety
tarmealime o reducme atmophere

highest exaporiation pressures over 8 wide tange of
carbon achivities in the annealing atmosphere (Fip
10y Thus the reduction of grinn boundary phase
content v sugpested 1o be domimated by the
volathization of CO and Ca Trom the sarlace
according 1o

CaALO (D + Ny + dCe) —
JAINES) +4CO) 4+ Cat) (b)

CoALOGE+ Ne) + 0C) —
JAINES) + 0COe) + 3Cate) (7)

tesulling moa substantial merease ol thermal
conductivily

The merease ol thermal conductivity with anneal
mg time (even m hyas denved from the data plotted
m Fre X follows a simple Tmear relation

h :—'"\(;(I +I\” (H'

with ny < 1OOW mK  and  the 1ime constant
Ax7701h Thermal conducnvity ol the sintered
specrmen kg, 1sominnly controlled by the oxvpen
content dissolved e the AIN Latthice and by the
nuCrostruetire, 1y porostty mputily content ete
The time constant & relates the thermal conductivity
merement with the reduction ol oxyeen content due
to evitporation of volatile gram boundary species
gnen e egns (6) and (7). The total amount ol
evaporated gram boundary matenial s piven by
the double mtegral over nme 1 and evaporiiion area
{ Yo

m- V . ‘ Mdd, dr (Y)
IEVRVANG
where I, v o unilorm evaporation rate
A . (10)
= — )
oLk T P
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AIN

Fig. 11 Sintered AIN substrite (35« 27 « Tmm®) showimg
trinslucency

with pf bemg the temperature dependent equilib

rium pressiares and A/, the moleculur werghts of

evaporating species 1 (CO and Ca. respectively)
From eqns (9) and (10} a hnear mcrease of weight
loss with time 1s predicted. which has been confirmed
by experimental observation ' The slope ol the
linearity depends on the partial pressure and the
evaporation area. For the partial pressure regimes

given i Fig 10 evaporation rates [, in the range of

[ 107 g em?s and 107810 Y piem?s are ey
timated for COand Ca.respectively Combined with
the Ingh specific surface area of the gas phase
svnthesized powder which provides o high evapor
attonarea as well as fast transport of gram boundary
species 1o the surface a rapid ‘eleaning’ of the
material can be obtamed with relative ease Thus, the
gas phase synthesized AIN powder doped with
Cul, seems (o be paracularly qualihed for tabre
ation ol ligh purity sintered products which may
achieve excellent thermal conductivity Figure |1
shows a substrate (35 « 27 < [ mm’*) prepared [tom
the pas phase sintered AIN powder which exhibits
translucency due to its low impunity content

5 Conclusions

High temperature synthesis of AIN by reaction ol
AICT, with NH { in a pas phase reactor at 1R8O0 C
resulted in a powder with low impurity content and
high specific surface area Despite the high reactivity,
coating of the powder with octadecanowe acid
significantly reduced sensitivity 1o hydrolysis which
facihitates handling and processing ol the powder
even in ageous environment Pressureless sintering
to Tull density could easily be achieved utihzing
common sintermg additives Compared to oxidie
additives. however. non oxidic sintering imds such as
CaF, seem to be much more eflective in yielding high
thermal conductivity above 200W/mK at RT

Reduction of oxygen rich grain boundary phase
content by annealing in C-containing nitrogen
atimosphere 1s accelerated by rapid difusion along,
the high grain boundary mtetface area and high
volatity of gaseous reduction products in the
system Ca-Al-N-O-C Sintered products of low
mpunity content and excellent thermal conductivity
were produced, demonstrating the potential of the
pas phase synthesized AIN powder for applications
m the feld of high performance ceramies
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