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Effect of Various Additives on Sintering of 'Aluminum Nitride
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Effects of th i r ty addit ives on sintering AIN were investigated. The addition of alkali earth
oxides and rare earth oxides gave f u l l y densified a luminum n i t r ide . This is due to the
formation of ni trogen-containing a luminatc l iquid in the system aluminum nitride-alkali earth
oxides or ' rare canh oxides. Microstructural studies of the sintered specimens with the
above two types of addi t ives suggested that the densification was due to the l iqu id phase
sintering. Addi t ions of silicon compounds resulted in poor densification by the formation
of highly refractory compounds such as AIN polytypes. [Received September 30, 19SO]
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Table 1. Properties of AIN powder.
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SM:.lli!i!t H f i - J t U-C, 30 {MiYilf AIN coi4iv,'ilC».

Particle sizei 0.8 y

Nitrogen content: 30.3 wt*

Metallic impurities, ppmi

Si 2100

Fe 300

Mn 30

Mg 30

Cu 10

C» 30

Ti 30

V 30
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Table 3. Typical properties of sintered AIN
(sintcrcil at 1800°C for SOmin in N,) .
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Kip. 1. Microslructurcs of siniered AIN w i t h 5 \vt^ various adrl i t ivcs
(sinletvd al I H t l O C for .'iO miii in N;'i : ;'p"lislu-d).
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I'ip. 3. Densities of sintered AIN with
CaCOj, AI:O3 and SiO: additives (sintered
at ISOO'C for ?.0min in N,).
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Fie. 4. I'lcxiiral strength of sintered "
AIN with CaCO,, A 1,O, and SiO, ad-
dilivcs (sintered at
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'.' fur 30 min Kit;. 5. Mieroslruelures of sinlered AIN wi th Ca(X), (sink-red
at IKOO'C for ::0 min In N,) : (polished and etched).
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Fig. 6- Crystal phase formed by sintering
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L, l iMf l l - i l ' i l ' i l l i i lW solutioii-reprccipilation lii

f>j!lj-2: {.•]H-vooi!1£^//-;i'ff L fc i co fc ,'Sbn 3.
ti:t|?|5«:o-VrC-i(?ii1iii'Ej,l;i-iT'£>xfi'ji;c AIN ^

^ (0

3.5 AlN--^
AIN llfrifcSJK

l'rO.:, NdA, Sin

95?J ^h

(YA, I-aA, CcO:,
, GclA, OyA) $ri.(s)jnt/;5f;-c-|-t,
lUj/ii].': LX OxW1;*-^^ GK, P!!«5i

J'.';--S-';-.:-:v:-'vV.! .'•'•:! ^!:vv-y-}^ ••il -
£;v.'v;^.'--V.' . - ' • • " • :-:-".?J -.-•'•• • •r.\i'r',-' ':-:- •• ;":\
£^V;I;r.••'•'•./' • • • . :•:-• ' v- • • ' ' • "'•'" • > ' v ' ̂ -'5

l'"iK- 8. Mii-rii:i1i-ncliirc:i (if jiinlcri-il AIN u-ilh T> \vl."ii ran: earl

(siiilcrcd at I.XOOX for i i O i n i n in N.) : ( | n , l i : .h i -d ,-ni'l i - l c lu ' i l ) .
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Table 5. Kf fcc l (if r.-.rc r : ivlh ionic radi i
on i lu ' ]'h;tsi'S m llic sinU'ivd ^invniu' i is . of
lh(; svMcin A I N - 5 \\'[!:,i rare carl l i o.xidcs
(ISOO'C for ;:o u-.i i) in N:).

Tor. if I".!.:. ' )

•1 r . f f o c ' . i ' . c i c n : ? r . - ^ ' j i of -c ta l ion

** IViC: ;;-con'-a i n i ng or.rnet.

(ViL: N-ccr. ta i n i r.H' p o r o v s V i t e

•3 P . i - I a l ivc -I'.-.-isitv •;• ) .

52kg/mm=

-fii i> AIN > c/j tusitii i y r ^ ; t- - i- itfitttk
]&-{&. CcO: i^jJi]-C-(i^-rxl>(.l AIN ;)' '} '/ -T 7V/' \f

-(?.-?**'', MltOjIUS-CliilS^Oa-f, .ifc^vuft AI:O,

ici^>,T. t '-^Mllu V..O, i,'v!j!i;rKu^C.'L)i)cS^XVN^

vv SlSCX!ri)^rii:t AIN t T ; u i t-l-lllfr ' j ' .c<i.

C<O^I-:ii)cLfc T / u i t-- HUM UA1O,, CcAlO, /!cf

V.fifr.l^'S : A1-O, = 1 : 1 (O-< a 77- ''J --C h?,1] IB ii!i tO fb^>

'ft*:± t1 fo o /: //•, V:O, h DyA ~C' « YjAUO,,,

Dy.-Ai AS » *'- * -y I- ?U 7 ̂  -i •'(• - I- //'.'l.-:̂  $nr ^

fo 6 o -C |,vj C ?5!-! co ft ^i'3 S: <!ii3.e
", IV4 , Cc14 -

*J::!Jifi5.(W*l > A) A colt 1 : 1, 3 : 5,

AIN fM;

r t, UfMfiMii1:
v^T ill^Lfc. -c:
O'^y'ail- XMA

fi.^l-lJi^li;Cv^ (N) Srliti'it

4. JS -j?
AIN ^ift;,'ii;V!Li:V-j-;-r!R^;jii14o:;;-:^J:

ft (frHLft 21, ^ f t l ' j a , ;^(L^5, :^W

)!!£'/|{|-:>H-i I

-* Swif t ; .t

'I1 ISOOr, 30 ',>£ L'fc.

-*• ̂  i <o ( y >i>— 7° i > : MSO,
SiOj, Mn02, Mg- ->y y - I- , Al--> y '/ — >. F.N,

Si.N,, SiC

( 2 ) *, ;%• It 1C t!S[JJ Ji-3 ̂  JJ- XL /f l^ i co ( ?' /U - 7*

U) : A) A. TiO2, CrA, ^A, NiCO,, TiC, ZrC,

TiN, 7rN, I - I fN, Ni

( 3 ) t> & ft & ffiil 1" 6 <> O ( / ;u- 7'in ) : T /I' *

'J ±'yH'JViu-ftfil (CaCOj, .BaCOs, SrCO,), ^J±.W^fk:

'to (YA.'l-aA, CcO,, PA, NclA, Sir.A, GdA,

^ (3)
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i Si ftftt t l t
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