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A series of SIC=AIN compositions of O, 10, 25, 30, 75, 90,
and 100 mal% AIN were hot pressed at 2100°C for u 1 b
soak at a pressure of 35 MPa under vacuum. 2H-wurlzile
SIC-AIN solid-salution structures were formed for compo-
sitions with 25-100 mol®: AIN. The associated lattice pa-
rimelers for tiese solid sidutions followed Vegard's law,
The microstruciures varied with composition: the numhber
of necdlelike grains decreased lor compositions up L 25
mel % AIN and the amount of equiaxed grains increased Tor
compisitions with 23-100 mol % AN, Densitics Tor all the
specimens were >99% of the theoretical density, Coeffi-
cients of thermal expansion varied from 4.80 = 107%°C to
6,25 % 10 %0 in the 200=14007C punge. Young's moduli
varied from 431 GFa to 320 GPa at rovm temperature (RT)
and retained 987, 96%, and Y4% ol their RT values at
S00°, 10007, and 12530°C, respectively, These three proper-
ties correluted linearly with composition. BT microhard-
ness varied from 216 GPa to 11.2 GPa and correlated lin-
carly with composition within the solid-solution range.
Flexsural strengths inereased Trom 4587 MPa (o 604 MPa
from 0 mal % AIN (o 25 mole AIN and then decreased to
284 MTPa for 100 mol % AIN, At 1250°C, Aexural strengths
decreased from 90% to 65% of the RT values. Frachure
toughness inereased rom 36 MPo-m™ o 4.2 MPasm'=
from {t mal % AIN to 10 mol % AIN and then decreased to
25 MPusm*= for 10D mol% AIN,

I. Introduction

SI'_JC'l'i\ carrime (S and alominum mitride (AINT are
prominent materials that ave used in various high-
temparature (HT and elecineal applications, 510 is a covalent
compound and cam occur in either B-5iC or c-5iC crvstal strue
tures.! Both c-SiC and AIN are covalent hexagonal with 2H-
wurtzite erystal structures and are classifiad in the PE3me space
group.’ SiC has good oxidation and corrosion resistance, rela-
tively high thermal conductvity. and gosd mechanical proper-
ties, and it is classilicd as a semiconductor moterial =% AIN
has high thermal conductivity, high clectdeal resistivity, and
good chemical resistance, which makes it o leading cermmic
material for refractory and substrate applicarions, ™ However,

AIN has only moderate microhardness and Qexorul steeneth ™
The phase dingram for the alloys of SiC and AIN shows a
2H-wurtrite solid-solution series ar high r2mperamee in (e
corpposilion range of 253 100 mel% AIN. Seversl studies on
alloying the two materials ot different applications have been
reponted, "M 1 Many of these studies have investigaied (e
processing vanahles and property values for many SiC-AIN
allowys, and o sumymary has bean given by Lobas"" However, a
more detailed and svstematic correlation of composition versus
propertics must be established.

A comprehensive sludy 1ooanvestigate o mnge of alloy come-
posiions and the role of HT thermal restments was initiated.
Ihe ohjective of this work was twolbld: (i) 1o Tabricate v series
of 2H-wurtzite SIC-AIN solid-soluiion compositions via hit
pressing and o investigate the reproducitality of phases, mi-
crostmuctures, and their cormesponding properties; and (i) 1o
serve as i busis o study the methodelogy for fabricating and
characterizing nanophased reinforced composites from the
SIC-AIN system via heat treatment within the spinedal decom-
position zone. The work performed in the frst part of (he
abjective was intendad o provide 2 more complare database Jor
the SIC-AIN svstem. The resulis of the second part of the
objective will be reported in a subseguent paper.

I1. Experimental Proceduore

(1) Sample Fabrication

The SiC=AIN system was studicd wsing compositions of
B-5iC (Grade B0, cubic phase. H. C. Stuck. Goslar, Ger-
oy and AIN (Grade B, hexagonul phase, L C, Strck). The
as-received (3-5iC had a pamicle size of 0.6 pm, Brunaver—
Emmetl=Teller (BET) sueluee urea of 16 m¥fg, and contamed
=05 with (3-51C and =0.]1 w15 free stheon. Additonal chemi-
cal elements included 0,82 wi% of oxyveen, 200 ppm of iron, 80
prm of aluminum, and & ppm of calcium, In this study, B-5iC
wis doped with 2000 ppm of boron from boron carbide and 1
wi%: of [ree ¢arbon from o phenolic resin, The as-received AIN
had & panicle size of 1.0-2.35 pm. a BET surface area of 3.0~
6.0 m e, and was single-pliase hexagonul, Additional chemical
elamants includad 2.0 w19 of oayeen, O wt% of carbon
CLO05 wi'se of wron, and 00T witt of other metallic impuorities.
The above data were provided by the vendor,

Monalithic ceramic specimens of B-5iC, AN, and five al-
loys from the SICAAILN system (10, 25, 500 75, and 90 mols
AIN) were prepared for this study via hot pressing. All the
blands were dry hall-milled for 72 Toand densilivd in @ two
stage process. The powder bland fivst was cold pressed an 14
MPa and then hor pressed wsing graphite dies, As the firing
lempeniture approached the reerystallization remperature
(=1700°C), the pressure was increased 1 35 MPa, Then, 1he
remperaiure was increased o 2100°C and maintzined for 60
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min. The hot-pressad (HP) svatem was cooled slowly 10 900°C
and then allowed 1o cool naturally. The specimens were 38 mm
i diasneter and 200 mim in height,

HP disks were prepared in thres separate serres of runs tha
were condueted o three dilfierent nnes dunng the course of the
project, The disks were designated as barches | 2, and 2.
depending on the e of fabrication, Test specimens for analy-
sis were cut from the disks, The prowessing vaniables for cach
bateh are identilied i Table |,

As shown in Table L aithough the processing condinions
vinted, almost all the samples were hot pressed a ~2100°C,
The specimens obained from batches 1. 2, and 3 were used o
mzasure density, hardnzss, fraciore loughness. and room lem-
perature (RTH Mesural strengih, The specimens from bateh 3
were used 1o measure the flexural strengeh 2t 1250°C, and those
from batch | were ised to measure the coelficien of thenmal
expansion (CTE) up to 1400°C. A more detailed description of
the sumple-fabrication procedures amd testing protocel hus
been presented by Lubic

120 Ceramographie Techiniques

Dintnond-saw sectioning was Tollowed by use of an auto-
matic grndingfpolishing maghine, Mounting was perfonned
using & mixwere of epoxy resin (Epolis Resin, Struern, Westlake,
Ol and handener (tricthylene tetramine! in a ratio of 15:2,
Thiz type ol mounting procadune avouds the generalion of pres-
sires Unat amay produce cracks or other damage 10 the speci-
men. The grinding and polishing details have besan described
clsewhere.' Ewhing of the pulished specimens was achivved
using beiling Muorakami’s reagem (10 g of KOH, 100 ¢ of
K Fe(CN),. and 100 mL of distilled witer). " Microstmiciural
amalyses were conducted using both oprical microscopy and
scanning electron microscopy (SEM). For the SEM znd en-
ergv-dispersive X-ray (EDX) work, the SiC-AIN specimens
were sputter goated with ¢arbon in & viacuom evuporator
clhimmber.

{30 Phase Amedvses and Laitice Parameler Deferminations
Specimens cut from the NP billets were analyzed using a
Cufn target with X-ray radintion with an average wavelength
of L0 A, The X-ray studics were conducted ar 20 values
in the range of J0°=150° a4t o scanning speed af 17 20fmin for
both phase and lamice parmeter determinations. The lattice
parameters were caloukied using the least-squires iethod.

4 Straetwral and Plivsical Properiics Deterutination
Density was determined using the ASTM C 69354 aandard
test method,” and the ervstallographic densiy was caleulned
based on the fractional weight of SiC and AIN over the unit-
cell volume, The unit-cell volume was caleulated from the
lamice pamnneters @ and o0 Knpop anicrohardness measire-
mienls were made ul room emperature, following the ASTM C
H49-88 standord test method (Automated Micromet 2004
Knoop Mierohardness Tester, Buehler, Lake Bluff, IL), vsing
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Ioads of 300 g for all composimions. CTE values were measured
twice using a double push-pull rod difatometer (ilatronic 10,
Muodel 6024, Thea Indusiries, Porr Washingron, NY 1 tha was
cyuipped with an avtomatic recording sysien the CTE men-
surements were based on the ASTM E 228.71 s standand,
The CTE was mewsured Drom room tamperilure o 14000,
using a heating role of 20°Ch under vacuum (-2 kPa (30
tored). The specimans used were 23,4 mum x L0 mm x 2.0 mm,
and both ends were ground parallel to guarantee gond contact
ard prevent misalisnment. A platinuin spacimen was used as @
reference standard to colenlate the CTE values. The Young's
and shear moduli were measured vsing sn impulse vibration
technigue (Grindosonic Model MRIST, )W, Lemmens, St
Louis. MOb, based on the ASTM C 123994 t2st method. In
this sty o disk specimen 3850 mun in diameter and 2 mm
thick was used. The measurements were conductod at tempera-
tures of 200, S00°, 10007, and 1230°C in air. Fructure ough-
ness vilues were determined using the empitical indentution
technique tha was Jeveloped by Evans and Charle< ' Four-
point Hexural strengths were detemmined using a modilication
of the ASTM C 1161-90 test method lor RT tests and the
ASTM C 121192 1est method for HT tests. The dimensions of
the flexure specimens were 254 mm x 3.0 mm x <.0 mm. The
edges werz chamfered 1o avoid sharp edges that could a0 as
sress concentrators. Both RT and HT flexural r2sis were con-
ducted in zir, A crosshead speed of 0,239 mmdmin was selecred
for all the messurements, Stminless-steel and SiC (ixtres, with
upper and lower spans of 2000 and 10,0 mm. respectively, were
used fur the RT ond HT tests. The RT and HT flexural tests
were conducted in a testing machine (Model 53R 1123, Insiron
Cuorp.. Canton, MA)

M. Results and Discossion

i Characterization of As-Received SIC and AIN Powders

Both the B-5iC and AIN pamicles were approximarely
spherical; their averuge panmicle sizes were 0.7 and L8 um,
respectively {Fisher Sub Sigve Sizor (FS55), Fisher Sciemilic,
Fittsburgh, PAL The measured BET surface arcas of the B-5iC
and AIN were 14 and 3 m¥fg, respectively, The resulls wers
compatible with data provided by the vendor, Triee levels of
aluminum, oxygen, magnesivm, sodivm, nitrogen, and Morine
impunitics were deweeted in the SIC; oxygen, mugnesinm, so-
divn. and fluorine imgririties were detected in the AIN. Nodiron
er caloium, which was reported 10 be present by the manulze-
rer, was detected,

X-ray dilTraction (XRD) pauerns idantified the [-cubic
phuse Tor SiC and the 2H hexngonil phase for AIN. The cal-
culuted Tamice purnmerer g for cobic B-5SIiC was 13600 =
D002 A, and lamice parameters o and ¢ for AIN were
S8 200002 A and 4.9506 = 0.0002 A, respectively. These
results ure in good agrecment with the literature data for o for
B-5iC (4.3589 Ab and o and ¢ for AIN (31104 and £.9792 A,
respectively).”

The sodivm and fluorine in bath the SiC and the AIN pow.
ders (and nitrogen in the S1C powders probably was inreduced

Table 1. Hot-Pressing Conditions for Batches 1. 2, and Y

Pretusratsen Soflibons, Maich |

Preparalinm comslilmma. Thatch 2

Prepasatum Jondinioms, fukch 2

SC-AlN Hepreserg Hot-prrwing Hotspocssing
TECERR trigwT et Nheating rats Couleg ats L PN PR Theabimg 1ubs Conlpng raly T Ty Flrstioge 1ag Cooleg rats
(md'E ARG *Ci ("Cehi ("Chp i {"Ch {"CH 1" Oy Gl
L 2Uatuty 2045 T2 204 1205 Hs
10 213 1142 63 2114 1571 1246 21060 624 19041
25 1us7 Hi 63 21 1357 1275 2100 filli 1165
an 2070 1023 954 2100 570 1390
75 070 1025 454 2080 6A3 1030 S0 560 1370
i MEn L] ThI sn A0} L 20D 60 1380
LY 2050 1025 Gsg 2910 1260 1325

The Sal™-AlN specimems wone Botpresaed @ g peesvirne of 33 MPa for 0 wabing e of 1 b unda saceen
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during material svathesis and processing. Under HT process-
g, sodium and fluorine may not be detrimental, because these
clements or their compounds probably volatlize. The presence
of =001 wi% ol impurities can inhibit the formation of o solid
solution, becanse of the formation of separate phases. For in-
stance, the presence of on can stabilize f-SiC %1%

(20 Mivrostructural Analysex of the Ho-Pressed
SiC-AIN Xystem

The microstructurgs of the HE SiIC=AIN syslem were depen-
dent on composition. However, other factors such as (he con-
solidation methodology, temperature. seaking time, Time—
temperalure cyele, pressure, and atmosphere olso can affect the
micrestrociures, The microstructures obtained for the 0%,
10, 255, 505, 75%, D0%, and 100% 5iC compositions, both

SiC-50 mol% AIN (L)

perpendicular and parallel to the hot-pressing directions, are
[resented in Figs, 1 and 2.

The TO0% 5iC specimens thal were hot pressed in two sepa-
rate batches had almost wlentieal microstroctures: randomly
vrented. large needlelike grains of various grain sizes (2-2.5
pum) and wspect ralios (4-5), as shown in Fig, 1. A platelike
structure also was observed,'®

The microstrecture Lor the SiC=10 mol® AIN specimens
was composed of randomly oriented, needlelike grains thal
were aocompanied by a small percentage of squiaxed prams,
The grain siges varied over o range of 5=20 wm and the nspect
raties varigd over o range of 6-7; both ranges were higher than
[Banse oof Bhe 100 SiC7, because of the necdlelike graies, Few
[ull-our grains were ohserved.

For the 5iC=-25 mols AIN (Fig, 1), the microstructure

.

S1C-530 molT% AIN (4

Fig, L. SEM micrographs of reprosemutive microstucmres of e hot-pressed SiC-AIN specimens (AIN contents of 0, [0, 25, wud 50 mol %) Bur =

0 e
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Pure AIN (L)

Bar = 20 e,

changed from 2 needlelike structure 1o an cquiaxed grin strue-
ture of -3 pm grains that were accompanicd by o very small
Percentage of clongated grains. The nunimem amount of AN,
for the formation of cquinxed grains, was 25 mol%. The
specimens with 25 mol% AIN had an eguiaxed grain siructune
without significant groin growih occurring during sintering.
The role of boron, in this case, was nol as effective as thar
ohserved for compositions with higher i€ contents (<25
molf AIND.

For the SIC-AIN compositions with =23 mol% AIN, the
microstruetures renained equinied as the grain <ize increased,
The SiC—3) mol's AIN specimens (Fig. 1) consisted of
euinned grains 3-6 wm in size, depending on the hot-pressing
conditions. Few pores were obsarvad within the gruins or at the
triple points, The SiC-75 mol% AIN specimens (Fig. 2)
showed equiaxed zrains 3-11 pm in size and some pullouts.
The SIC-90 mol% AIN specimens (Figo 2) also showed
equiaxad grains that were 9-15 pm in size and had fewer
pores, The HIP 1005 AIN specimens showed cquinxed erains
wilh faulled and strained orains,

As reported, the formantnon of the sobid selelion was initaled
after the 3C-SiC iransformed o 2ZH-SIC5 A diffusion couple

Pure AIN (/)

Fig. 2. SEM micrographs of representative microstructures of the hol-pressed SiC-AIN specimens (AIN contens of 73, @0, and 100 el ),

shuly suggested thut S1C diffuses more easdly mio AN than
AN into SiC.™ AL compositions of =25 mol% AIN, the 5iC-
AN system sintered 1o a higher density after the solid-solution
Formation reached equilibrivm. The grain growih was guite
sensilive Lo higher AIN cortzns, In zeneral, 10 was diffieult w
deterntine the boundury between the needbelike and equiaed
arams,

The Bigh and dark areas in e SEXD nicrographs may be due
to grain orignfation.'™ " The SiC-AIN compositions with
higher AIN content seem 1o exhibit more-uniform coler. This
ehservation suggests that greater AIN content will give mone-
umfonn grain vnenlation.

(3 Phase Identification

XRI> specrra shivwed thar the 2H-wurtedle struciure was pre-
dominant in specimens with =25 moelth AIN. The Xeray anuly-
ses indicated the presence of ZH, 4H, all, and 15K phases in
tie S50 und SHC- 10 mol% AIN, The 25 and 30 mold AIN
sprecimens conlned wee amoonts of 4H and 1531 phases, The
TE U0, and 100 mols AN specimens conlained only the 2H-
wurzite struciure,
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Fip. 3. Lattice parameters o and ¢ of the hot-pressed SiC-AlN
AR,

(4)  Lamice Parameter Determinations

Diespite the presence of other plases, the 200 atice param-
cters of HP 510 could be caleulared by refining the 2H peaks.
Tl lattice parameters a and ¢ increased and decreased, respec-
tively, as the AIN content increased following Vegard™s luw,
staming from 25 mol® AIND as shown in Figo 3 This obser-
vation indicates thal these compositions undergo complete

245

(3} Physical and Streciveal Properties and Corvelaiion
with Microstrueture

(Al Densice: The densities ol the majoriny. of HP SiC.
AIN, and SIC-AIN specimens werg =8905% of the theoretical
density amd approached ervstallographic densitics. Bulwh-to-
batch variation sas small {<1% ). Figure 4 illustrates the linear
correlation of density with composition, especially in the 25—
90 mol% AIN region. As suggesied by other mvesriga-
toes,” 7 the wse of ot pressing and the addition of boron and
Iree carbon resultad in high-density S1C-AIN specimens.
Thuese results are in good ngreement with the values thin hive
k2an repored in the literzture.

(11 Coefficiens of Thermal Expanston: The averape CTE
values of the SIC-AIN specimens. measurad from room tem-
perature o L400°C, increased as the AIN content and tempera-
ture fnereased (Fig. 31 The resulis suggest that the SiC-AIN
compasitions ware relanvely stable up o 1400°C, with ne in-
dicntion of phase change. The CTE results were consistent with
the lower meling point and lower degree of covalent bonding
of AIN, compared with thaot of 5iC, md agreed with reported
valyes 58

(0 Young's and Shear Modoali and Poisson’s Ratios:
The measured BT Young's modulus and shear modulus, and
the caloulated Poisson's rutio resulls at 20°C, are presentéd in
Fig. 6. As cxpected. the Young's and shear moduli decrease
lincurly as the AIN content increases. The results were similar
to the literature values ®=* The Young's and shear moduli of
the SiC—AIM specimens thar were measured ar 5007, 10007,

solid-solution formation.
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rage (TE values of the hit-pressed SiC-AIN specimens, measured from oom remparamre 1o TH0C.
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and 1230°C decreased as the wemperature increased. The asso-

ciated Poisson’s rtios increased as the AIN content ingre

whed

(Fig. 6): however. the temperature effect was small. Experi-
merrlal data were corrected Tor porosity, using the results from

Ruh e ol =

(D) Kewop Miceohaedness: Pigure 7 shows that
KEnoop microhardness values decrease alimost Tines
AN conlent increases for the entire compositional rag

the

¥ s the

This

trend and the hardness values obtained are 1n geod agreement

with the values that were reported by Ruh and Zangvil !

The

latter dita are ingluded in Fig, 7. The standard deviation for
cach specimen was 4%, which implies that the speeimens

(R Flexera? Stremgtlic A summary of the BT flexural
strength measurements for the SIC=AIN lest specimens from
batches 1. 2. and 3 is presentad in Table 11 The average RT
Mexural strenglhs for the SiC-rich repion increase [0 a maxi-
mum at 25 mol% AIN und then deercase as the AIN comtent
incresses. As shown o Figs, | and 2, the microstructure
changes from needlelike grains o equinxed grains in the 0-25
molf AN region. The SIC-23 mol% AIN specimen has the
Finest equinned grain size, compared to the other campositicns
that have been investiguled. The increase in average flexural
strength, up to 25 mol% AIN, is aliributed o grain-size reduc-
tion. The microsrruciores for the speeimens with =235 mol%

luve o high degree of uniformity, The agreement also wus AIN are equizxed bur have increasing grain size witl increas-
relatively cood from batch 1o batch. ing AIN content and decreasing average flexural strengths, as
500 0.30
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Fig. . Toomn lemperatute Young's and shear mocholi. and the Poisson’s mlio, of S50, AIN, and the SiC-ALN compositions,
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Fig. 7. HKoom temperamre Knoop microhardness vih

ies of the selecied hotpressed SiC-AIN specimens.

Table I, Summary of Room Temperature Flexural Strength Results for the
Hot-Pressed SiC=AIN Specimens

2l sir

enpihs (MPa

Bawch 1 Hatch 2 Natch 3 ]
( =i, 214 80, 274
I 613, 595 474, 4T 40T, 564
25 714,725 462, 56T 513, 640 S 10730 1%
an 425, 507 0200, fah 5485 = [D2.6] 19
13 443, 351, 30T 292, 279 358, 396 3437 =394 17
i 260, 262 317, 34060 25K, 300 290.7 = 36,58 13

L0 dika, 274

54, 07

2855 20710 i
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Fig, 8.

shown in Fig, 8. Several Cactors that affect the meisured
strenpihs may be related 1o the SICAIN ratio," ™7™ arain-
size reduction,'-* "7 anel the interactions belween SiC and
AN, such as interfacial bonding, '

The oblained average RT flexural sirength values were in
prasonable apreement with the values reportad in o review of
literamre dama'® and followed the same general correlations
hetween strength apd composition, Although the deviation be-
rween and within baiches was higher than expected, based on
the small variances in the other property values, the ange of
values wus within the reporied vurdunces of the literature
data.'® Table 11 shows thay the coeflicient of varionces were
T5%=19% for the different compositions that have been inves-
tigated. This magnitude of batch-to-batch differences in flex-
ural strength could not be explained readily

The flexwral strengths at 1230°C were measured on spec
mens aken from bateh 3, The messured strengih decreased as
the AIN content increased, as shown in Fig. 9. The use of
specimans from bateh 3 provided valid compuorisons between
R and HT flexural strength values versus composition. The
flexural strength at 1250°C follows the same trend ns tha
ohserved a room temperature, The Mexural strengths at

R Lemperature fexural sirengih values of the leet-pressed SIC=AlN specimens

1250°C are -50% of the RT values for SiC=25 mol% AN und
~65% [or 5i0=30 mol% AIN; however, for 5iC-T5 mol% AIN
and SiC=90 mol% AIN, the values are -90% ol the RT
strengths, It is suspected that, ar high temperature, a flaw-
healing effect may contribate 1o the strengthening, as reported
by Li ef all??

(Fi  Fracmre Towghness:

The trend for the BT fracture

toughness values measured for the SIC-AIN specimens ol Jil-

ratio of the half-crack length dividad by hall of the indang was
=25 Fractere loughness values increused slightly up 1o 10
mol AIN and then decreased slightly as the AIN content
increased. The increase in fracture wughness up w10 mol%
AIN wus attribured to the presence of neadlelike grains in the
microstrecture. The microstructure changed from needlelike
grains at 10 mol AIN Lo eguiaxed grans as the AIN content
increased up o 25 mol%, The decrease in [racture toughness
for specimens with =25 mal% AIN wus atiributed to the n-
creasing grain size of the eqguiased ins and the intrinsic
muture of both materinls, The avernge frociure wughness values
meastred for the different $iC-AIN compositions were in good
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Fig. 9. Flesural strength values st 1230°C of the hot-pressed SIC-AIN speeimens.



288 Feceeniad q_!_f' rhe Amertcan Cerqanic Now Et'l’_‘.'—l’.ln’!.".'. el al. Wal, '\'...'. Mo, 49

.u—u5
wn
[=]
z 2
ﬁd
o g -

g
= [ a . .
we L p
8" | 5
£ I
=
327
E - aSpecimens from Balch £ 1
E i OSpecimens fram Balch ¢ 2
.E L & 5pacimars fom alchk d 3
& [ @ Tolal Auerags Valuss
w [ 1

. ; . . P

a 10 20 ag 40

5 &0 70 a0 80 100

Aluminum Nitride Content {(mol% AIN)

Fig. 10, Room wmpersmere fracture w

agreement with the reporled values and displaved little batch
w-bateh variance.'® Overall, the fraciure toughness values
were nol significantly different and were consistent with the
results of other investigators, ™ =037
the fracture toughness telates W the microstructures thar have
been ebined for the ditferent compoesitions,

V. Summary and Conclusions

This work was designed to provide a more detailed and
systemptie investigation of the correlalions between chemical
composition, microstructure, and the thermal mechanical he-
havior of compounds in the silicon carlude—alummunm nitride
(SIC-AIN) svstem. The results provide a more comprehen-
sive picture of the SiC—AIN system and a basis for selecting
the compositions for heat ireatment below the spinod: 1]
temperature.

The morphologies of the hot-pressed (HPY) SiC-AIN com

wmds were very daper W COMPOSITIon. am :
pounds were very dependent on composition. The amount of

necdlelike streteres found an the S1C end decreased us e AN
content increased and were not visible as the AIN coment ap-
proached 25 molfe, SIC-AIN compositions with =15 mol
AIN had an equinsed grain structure and inereasing grain size
with increasing AIN content. Nouceable variations in grain size
were ehserved, which probably were due o vindations ol the
hot-pressing parameters, especially wemperature, These resuls
stiggest Bl e Trec-cnergy mimimization and equilibrinm vary
from one composition w0 another. For the compositions with
needlelike erains, the effect of baron nnd AIN was 1o inhibil
arain growth. For the case of cquinxed grains, the equilibriom
state of the constinents is more compatible. 11 s suspected thal
the presenve of AIN, boron, and carbon {each of which is
dependent on composition) affects the free-energy minimizz
tion of all the SIC-AIN compositions. In facl, grester concen-
rrations of horon and carbon are expected In 5IC-AIN speci-
mens in the SIC-rch arca, It is ditlicoll 1o determine the
optimum amount ol AIN. boron, and carbon quantizarively;
however, the 25 mol™ AIN composition is considered 1o be
almost optimim, because it attained the fincst grain structure,

The P conditions wsed were effective in producing 2H-
wirzite solid solutions of =25 mol% AIN. The Lce param-
eters of the specimens prepared in this compesitonal range
fllowed Vegard's law. In addition, the results from energy-
dispersive X-ray analysis showed thar the SIC-AIN system
mintained its chemical stability at high temperature,

Far the HP SiC-AIN specimens, the depsity and coellicient

" The behavioral trend of

ness valuzs of the hot-pressad SiIC-AIN specimens

of thermal expansion increased lingarly as the AIN contem
increased and the Young's modulus decreased lincarly a5 the
AN coment inereased. The room temperature (RT) Knoop
microhardness decreased linearly as the AIN content increased,
especially for specimens in the selid-solution region. For the
SIC-AIN compositions with <25 mol™ AIN, Knoop imero-
hardness values desiated from linearity, probably because of
the presence of polytypic phases, RT four-poim flexural
strengths increasad for compositions up to 15 mol% AIN, and
fracture toughness values incrensed up o 10 mol% AN, Be-
vorid these AIN levels, the Nexural strengzihoand fracture tough-
ness decreased. This result 15 belizved o be due o the micro-
structures and the ntrinsic bonding qualities of the 5iC-AIN
specimens. The Young's modulus. shear modulus, and Pois-
son' s ranios decreased slightly as the wemperature increased (RT
Young's moduli values decreased 5% 1230°C). Flexural
strengths an P250°C deereased Tor all compositions; however,
for the 30 and 75 mol% AIN compositions. the decrease was
only 1095, These resubis suzeest that the S51C-AIN system vcan
be wsed in moderate temperature and strenglh applicaions. The
resulis also suggest the possibility ol developing SiC=AIN lay-
ered ,,ml:]ur.xllu:a. Bectuse of the e ity of the physical and
thermal propenizs with composinon within the solid-solution
region
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