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ALUMINUM NITRIDE POWDER HAVING SURFACE LAYER
CONTAINING OXYNITRIDE

BACKGROUND OF THE INVENTION

‘a

1: Field of the Invention

The present invention relates to an aluminum
nitride powder to be used for the production of
aluminum nitride sintered body.

2. Description of the Prior Art

The surfaces of the particles of an aluminum
nitride poﬁder have heretofore been composed of
aluminum oxide boehmite (AlOOH) and/or aluminum
hydroxide (Ai(OH)3) formed by the reaction with the
moisture in the air. 1In the case of the powder
-produced by the reductive nitriding method in which
decarbonizing is effected in an atmosphere containing
oxygen gas in order to remove excess carbon at the

time of production, the surfaces of the particles'have'

been composed of an aluminum oxide (Al,0;) formed' in
.the decarbonizing step. A number of cracks has been
caused on the surface layer thereof due to the
difference in thermal expansion coefficient between
aluminum nitride and alum1num oxide, boehmite and/or
aluminum hydroxide, or due to milling of the aluminum
nitride powder. .

Accordingly, with regard to the cbnventional
aluminum nitride powder, there has been observed a
phenomenon that reaction takes place between.the
oxygen in the surface layer, which is composed of
aluminum oxide, boebmite and/or aluminum hydroxide,
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2. Description of the Prior Art The'SurfaC§;~91_LDgﬂp__llij4§;_
of ag-+al um num nitride powler have heretof ore been conposed of

al um num oxi de boehmte (Al OOH) and/or al um num 10° hydrqtmglsdet a&l
formed by the reaction with the noi sture in the air. \
t he -powder produced by the reductive nitriding nethod

decarbonizing is effected in an atnopsphere containing oxyg gas |n or der
to renove excess carbon at the 15 t+&e of production, the surfaces of the
particles have been conposed of an alum num oxide (Al[err]2derr])
forned in t he decarboni zi ng step. A nunber of cracks has been

caused on the sghBaeRel aY@mihGA’ ROEr a6 msme the patt{credncdué ntd her nal
Expanslon coeff |e t Egtmeen 20 a*un1gg$k lee and, al um num oxi de,
oehnite and/or 3 oRPnBRFRYBABYIBE, &EENTo FRYFIN A the al uni num
nitride pomder.increase inAther dnoght, ofM dygegain solidesabutiomt i onal
inside aluminum nitride crystals and an a decrease in
5 the amount of oxygen in the surface layer at the same
‘time. As a result, the conventional aluminum nitride
has brought about the problems that the resultant
aluminum nitride sintered body is lowered in thermal
conductivitj and changed in color tone, and pores are
- 10 formed in the grain boundary region by the decrease in
' a liquid phase amount and nonuniform distribution
thereof which accompany the decrease in the amount of
oxygen in the surface layer.
An aluminum nitride powder reduced in oxygen
15 content to attain a high thermal conductivity has
problems that the thickness and distribution of the
surface layer are made nonuniform and, therefore, when
the powder is allowed to stand at room temperature in
- -the atmosphere, moisture and oxygen in the atmosphere
20 penetrate through the microcracks at the time of
heating or with the elapse of time, thus causing an
increase in the amount of oxygen and finally an
increase in the amount of oxygen in solid solution
inside the grains of aluminum pitride (AlIN).

25 SUMMARY OF THE INVENTION

Under these circumstances, an object of the
present invention is to provide an aluminum nitride
powder capable of easily being convertéd into a
sintered body having excellent sinterability and

30 favorable characteristics by decreasing the amount of
oxygen which penetrates from the surface layer into
the ALN crystal grain inside to form a solid solution
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at the time of heating, and eliminating the formation
of microcracks due to the difference in thermal
expansion coefficient between the surface layer and
the inside to suppress the increase in the amount of
oxggén. |

In order to achieve the aﬁbve-mentioned object,
the aluminum nitride powder according to the present
invention is characterized in that the surface layer
of the aluminum nitride powder contains an aluminum
oxynitride which has an oxygen content of 5 to 75 mol%
in terms of A1,05/(Al;03+ AlN).

The surface layer of the aluminum nitride powder
according to the present invention may contain at
least one selected from the group consisting of
oxynitrides of Mg, Ca, Ba, Ti, V, Cr, Co, Ni, Cu, Ga,
Ge, 2r, Nb, Mo, Ru, Hf, Ta, W, Li, B, Si, ¥, Sc and a
rare metal element in addition to an aluminum
oxynitride. In such a case, the powder is

‘characterized in that the aluminum oxynitride aﬁd_the

above-mentioned other oxynitrides have a total oxygen
content in the range of 10 to 75 mol% in terms of (3 x
oxygen amount)/(3 x oxygen amount + nitrogen amount).

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a graph showing the oxygen
concentration distribution in the depth direction as
determined by SIMS (secondary ion mass spectroscopy)
for both the conventional ALN powder having a surface
layer composed of an oxide and the AlN‘powder having a
surface layer composed of an oxynitride according to
the present invention, both powders having been heated
at 1800°C for 1 hour in pure N, gas.

FIG. 2 is a graph showing the relationship

tine. As a
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sintered body is |lowered in thermal conductivity gnd changed i

col or tone, and pores are 10 formed in the grain bounddsh 'g@nﬁylthe
decrease in ‘a l'iquid phase amount and nonuni f or m di / piaced
t her eof which acconpany the decrease in the amobunt of 1]}, e
surface | ayer. " An alumnumnitride powder reduced in 15 .
content to attain a high thermal condedtivity has probl ens that the
t hi ckness and distribution of the surface | ayer are made nonuni form
and, therefore, when the powder is allowed to stand at room

tenperature in petweenh ehé! Fid GF Est iRl gl End NEh® MikFendnt hef at nosphere
20 penetrate thr$$%£hthe m crocracks at_ the tinme of or

heatin
with the el apse®®¥9 en ptRe ALN popdgr having rﬁl?e%?&%“’r"rf’t‘?n%eg% t of
oxygen and fi nabhytike® surface NEHEPSEE | in tEMampeingd axid oktygen in solid

solution - bAShdeeie 0 R %8 adl WY Ud dfad Adler of tne
: 5 surface thereof are each allowed to stand in the

atmosphere at 50°C and 50% humidity.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

Since the surface layer of the aluminum nitride
(ALN) powdef according to the present invention

10 consists of or contains an aluminum oxynitride, the
amount of oxygen which penetrates into the crystal
grain inside to form a solid solution is markedly
reduced by the decrease in the diffusion coefficient
of oxygen or the amount of oxygen in the surface

15 layer. FIG. 1 gives oxygen concentration distribution
in the direction of depth for both the conventional
AlN powder whose surfaée layer is composed of the
oxide and the AIN powder of the present invention
whose surface layer is composed of the oxynitride.

20 The analysis was made by SIMS (secondary ion mass
spectrometry) for the molding with a reduced beam
diameter, subsequently a correction was made for the
average grain size assuming the grains to be
spherical, and the oxygen concentration distribution

25 per grain was expressed. As can be seen from the.
result shown in FIG. 1, the AIlN powder of the pre§ent
invention having the surface layer composed of the
oxynitride is markedly reduced in the amount of oxygen
in solid solution, thus making it possible to fix

30 oxygen in only the surface layer even when the powder
is heated for sintering.

In the case of producing an AlN sintered body



Under these circunstances, an object of the present invention is to

pravide an alum num nitride powder capabl e of eaSFFy—berﬁg—converred
into a sintered body having excell ent S|nterab|I|t §8sBﬂm col
favorable characteristics by decreasing t he amount of

penetrat es fromthe surface layer into ‘the ALN cryst E nﬁ

to forma solid solution

REPLACEMENT SHEET ~5- 17 JUL
1997 - at the tinme of heating, and elimnating the formation

of m crocracks due to the difference in thernal -
with a high thermal conductivity, the amount of oxygen

in solid solution inside the crystal grain of AlN
powder as the starting material is desirably 0.2% by
weight or less. Such a desirable amount can be
5 atpained by the present invent;on, thus making it
possible to prevent the decrease in the thermal _
conductivity of the AIN sintered body by using the AlN
powder of the present invention as the starting
material. It is also possible to control the thermal
¢ 10 conductivity of the AlN sintered body with high
accuracf, since the amount of oxygen which penetrates -
from the surface layer into the crystal grain inside
to form a solid solution is reduced and the amount of
the oxygen in solid solution is defined by the
15 compositional ratio of the oxygen to the nitrogen in
the surface layer. ' ' .
In addition, since the oxynitride in the surface
layer is chemically stabilized and the amount of
oxygen in solid solution in the crystal grain inside
20 is reduced, the formation of the liquid phase at the
time of sintering is stabilized, the formation of the
pores in the grain boundary is suppressed and besides,
it is made possible to prevent the change in the color
tone of the sintered body. In particular, an alkaline
25 earth element or a rare earth element, when contained
in the surface layer, lowers the melting point of the
liquid phase to be formed by 50°C or more, thus
further improving the sinterability.
The suppression of the amount ofﬁpxygen in solid
30 solution caused by the penetration of oxygen from the
surface layer into the crystal grain inside is
effective when the oxygen content in the surface layer
ranges from 5 to 75 mol% in terms of Al,03/(Al,03 +
AlN). Specifically, a content thereof less than 5



expansi on coefficient between the surface |ayer and

the inside to

suppress ‘the increase in the anount of 5 oxygen. In order to
achi eve the above-nenti oned obj ect, t he aIuninun1nLtride powder
according to the present - i nvention is characteriz piget HaoBeed Réplaced
surface | ayer | of the alum num nitride powder contalﬂl I 10
oxyni tride which has an oxygen content of 5 to 75 nol % . f
A1203/ (Al[err]Jerr]+ ALN). -6Fhe surface |layer of the alu um
nitride powder according to the present invention may contain at

| east one selected fromthe group consisting of 15 oxynitrides of M,

Ca, Ba, Ti, V, Gbl%chletsCHn Qﬁ 1ncreas§b1nzﬁx Qﬁbuﬁ@,wﬁﬁn fRe W Li,

B, Si, Y, Sc and a

n al um num

i& ng Leneni Q add to
oxynitride. In BQUWA®E dgsallpye pBRdﬁ apd 1in the g %ﬁ? TS FAVBRat the
al um num oxyni t pifdhighdrebet2@ityalOyR- EROt moDSBupéhtn Ehgnitrides have a

total oxyge

h 75 | % f (3
oxygen anount)/?§m9%8§%8§% gﬁﬁ%ﬁgsiang??gﬁﬁﬁ Eﬁgﬁﬁ?fqﬂorelghéer?§ of (8 x

5 mol% leads to an increase in the amount of oxygen in
solld solution by the penetratzon of oxygen from the

surface layer into the crystal grain inside to 0.15%
or more by weight. A content thereof in the randé of
10 to 70 mol% is particularly desirable, since the

/ 10 amount of the oxygen in solid solution by the
penetraéion of oxygen from the surface layer into the
crystal grain inside can be suppressed to 0.1% or less

by weight.

Moreover, according to the composition of the

15 objective sintered body in the present invention, the
surface layér of the AlN powder may contain at least
one other oxynitride selected from the group
consisting of oxynitrides of Mg, Ca, Ba, Ti, V, Cr,
‘Co, Ni, Cu, Ga, Ge, 2r, Nb, Mo, Ru, HE, Ta, W, Li, B,

20 Si, ¥, Sc and a rare earth element. It is necessary
in such a case that the aluminum oxynitride and other
oxynitrides have an oxygen content, in total, of 10 to
75 mol% in terms of (3 x oxygen amount)/(3 x oxygen
amount + nitrogen amount) in order to attain the

25 above-mentioned effect on the suppression of the

amount of oxygen in solid solution.

Since the surface layer of the AlN powder of the
present invention contains the aluminum oxynitride and

other oxynitride, the thermal expansiop coefficient of
30 the surface layer comes close to that of the AIN
inside the grains. As a result, a surface layer

thickness of 100 & or less can prevent the formation
of microcracks, thereby enhancing the protective
function against the moisture in the atmosphere and
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suppressing the increase in the oxygen content with
the elapse of time to one half or less of the
conventional value. Moreover, a surface layer
thickness of 10 & or more, preferably 20 & or more,

5 can éuppress the increase in Epe oxygen amount to 0.2%
by weight or less even when'the'powder has been
subjected to mixing using water as solvent and, thus,
enables mixing and molding with the use of water as
solvent.

10 The surface layer of the ALN powder can be
identified by infrared absorption spectroscopy (FT-
IR). When an oxynitride is contained in the powder,
an absorption appears at 680 to 710 cm~!. The surface
layer thickness can be determined with a transmission

15 electron microscope, by secondary ion mass
spectrometry (SIMS) capable of analysis in the depth
direction or by electron spectroscopy for analysis
(ESCA). The oxygen amount in the A1lN powder crystal
grain can be determined by the change in the number of

20 unpaired electrons measured by the electron spin
resonance (ESR) method.

Since the surface layer of the AlN powder
according to the present invention contains an
oxynitride, the diffusion coefficient of the oxygen

25 which diffuses from the surface layer into the AlN .
powder crystal grain is lower than that in the
conventional AlN powder. The diffusion coefficient D
(cmzls) of oxygen atom as determined by electron spin
resonance (ESR) is not higher than 8.0-x 1079 x exp(-

30 69100(cal/mol)/R-T). The measurement of the diffusion
coefficient was made according to the following
method.

(1) Procedure for measuring diffusion coefficient:
Powder as a starting material and those



between the tinme of standing and the i.ncrenment of oxygen when the ALN

powder having an oxynitride |ayer on the surface thereof in-Exanpte 4

and 't he - conventional AIN powder having an oxide layer on the_ §~ 2 eplaced
surface t hereof are each all-owed to stand in the at no Sk SieE
and- 50% huni di ty. DETAI LED DESCRI PTI ON OF THE PREFE"#
Since the surface |ayer 'of the alum numnitride (AN  pHEmiNsE
to the present invention 10 consi stg_of or contains an al um num
oxynitride, the anount of oxygen which penetrates into the crystal
grain inside to forma solid solution is narkedly reduced by the

decrease in the diffysiq oef fi gi ent 0X or the amm
oxygen in the §EPF§@&@E§1 éf@ﬂ C'Fﬂépolchvgs éQQSQM Eﬁﬁggﬁ §F§§n

distribution for iin How dté&:%cbz@%sﬁfnod.ﬂéﬂhiﬁeb kesk phecesnwdthi onal
ALN powder mho§% %Prfaieng €r1% ec%%pﬁiﬁgh hhﬁ 5 mm height at a
molding density of 1.8 to 1.9 g/cm using camphor (8%

5 bx_wéight) so as to attain the conditions close to
those for sintering. The numbék of unpaired electrons
of each of the test pieces was measured by the
electron spin resonance (ESR) method and was converted
to the amount of oxygen in solid solution. The oxygen

‘ 10 amount in the surface layer was determined by
subtracting the above amount in solid solution from
the oxygen amount obtained by gas analysis and
dividing the difference by the specific surface area.

(2) Calculation of diffusion coefficient (D):

15 : Because of the necessity for measuring the
change with the time, analysis was made by approximate
solution under the condition of a short diffusion time
(V2Dt<¢1) using an infinite flat plate. The parameters
necessary for the calculation are as follows: '

20 a = nt/ns,

where nt: amount of oxygen in the surface layer
of AIN powder
ns: amount of oxyéen inside A1N powder
Mt: increment of oxygen inside A1IN powder
25 = amount of oxygen in solid solution at each
‘temperature -~ amount of oxygen in solid
~ solution in starting powder
Meo: amount of oxygen in solid solution after the
elapse of infinite time | _
30 ' = total oxygen amount - amount of oxygen in
solid solution in starting powder.
L: Thickness of test pieces: (volume of 1 g
AlN/specific surface area of 1 g AIN) x 1/2
t: heating time (sec)
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Mt/Meo= (1+a) (1 - eerf{J(Dt/Lz)/a]}, thus

{Equation 2]

‘eerf[J(Dt/L?)1/al = 1 - Mt/(1+a)Mw

where J(Dt/L2)/a means‘(DEYLz)%/a.

The error correction function is as follows:

[Equation 3]

eerf(X) = exp(xz) x eerf(X)

The diffusion coefficient is calculated by .
substitdting the results of measurement for Mt; Me and
o in the above equation 2 and X expressed by the
following equation 4 is calculated by using the error
correction function table.

[Equation 4]

X = 4(pt/1)/a

The diffusion coefficient D at respective
temperatures can be obtained by substituting L, t and
« in Equation 4.

[Equation 5]}

D = Dy x exp(~H/RT)

where T: heating temperature in K. Dy
(frequency factor) and H (diffusion enthalpy) are.
obtained by taking common logarithm for both sides and
applying the method of least squares to 1/T.

Next, the process for producing the AlN powder
having a surface layer containing an oxynitride
according to the present invention will be described.
In the case of AIN powder immediately after synthesis
out of contact with the atmosphere, that is, without
surface layer, a surface layer containing an
oxynitride can be formed by bringing the AlN powder
into contact with carbon dioxide or a mixed gas of a
carbon source suﬁplied in gas phase, such as methane,
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conducti.wvity, the anmount of oxygen in solid solutlon i nsi de the
crystal grain of AN powder as the starting materia |rably

0. 2% by wei ght or less. Such a desirable anmount can be asBﬂ

by the present invention, thus making it p055|ble't

decrease in the thermal - conductivity of the ALN S|n

usi ng the ALN powder of the preseng-invention as th

material. It is also possible to control the thermal 10 conduct|V|ty of
the ALN sintered body with high accuracy, since the anount of oxygen

whi ch penetrates, urfa e layer 4 nto the .cryst grain i nside
to forma solid so ar%BRnb% %de%\cﬁ %ﬁgﬁ nﬁncfr oquhéy e oxygen in
solid solution |9an§icnédrbywhhu d Scarbompssutceevexigts af ahe oxygen to

the nitrogen in educ%ﬁg ageht 2C6x1@Y€lon by carbon dibSfifl taQp. since the

oxynitride in the
reduction take place simultaneously, thus facilitating

5 the formatxon of a surface layer containing an
ox}nitride. ' h

In the case of a commercially available AIN
powder having a surface layer containing an oxide or
the like, it is desirable to adopt a method wherein

‘ 10 the powder, is heated in an atmosphere of nitrogen or
ammonia gas in the presence of a reducing agent such
as carbon or a metal, e.g. calcium. It is also
possible to remove the existing surface layer and then
form a new surface layer containing an oxynitride.

15 For example, a commercially available AlN powder may
be heated in chlorine gas for etching the oxide in the
surface layer and then heated in an atmosphere of
humidified ammonia gas.

The above-mentioned methods are applicable to

20 the powder, which has been incorporated with Mg, Ca,
Ba, Ti, V, Cr, Co, Ni, Cu, Ga, Ge, 2r, Nb, Mo, Ru, HE,
Ta, W, Li, B, Si, Y, Sc and/or a rare earth element at
the time of or after the synthesis of AlIN powder, to
form the oxynitride layer containing the aforesaid

25 elements. The AIN powder after synthesis may be
incorporated with inorganic or organic compounds
containing the aforesaid metallic element(s) in place
of such metallic element or elements. It is desirable
to adopt a method for enhancing the proportion thereof

30 on the AlN surface (AlN surface covering ratio), such
as a method wherein an organometallic compound in
solution form is applied to the powder, electroless
deposition of the metallic eiement, or the use of a
powder of 5,000 A or smaller in particle diameter. In



| ayer is chemcally stabilized and the anount of oxygen in solid

sol utiron in the crystal grain inside 20 is reduced, tgg_;%LE?LLgﬂﬂgi_Lhe.
| i quid phase at the time of sintering is stabilize ormati on of

t he pores in the grain boundary is suppressed and besj,{d@feet Has BeeniRe .
madé possible to prevent the change in the color t one

body. In particular, an dl kaline 25 earth elenent or a raﬂ!‘mg‘“ “\‘m{‘

el enent, when cont ai ned in the surfldee | ayer, lowers t I'ng poi nt

of the | i quid phase to be forned by 50[err] or nore, thus - further
i mproving the sinterability. The suppression of the anmount of

oxygen in solid Fartizaildd oq,paclﬁ%eq:a% getﬁ):%n‘aatd"ditt' q;fg Qfle%% epd romthe

surface layer into the c ysta rain 1 nsi en the
oxygen content i PAMROW hdch %}Pélms a nirta'ﬁé@sartr@mrslaélvslnmllpyrr] in

terms of A1203/(Aledperature (HdY) ex3npleli ¢3!, ¥iod Bl ¥t WASEROLaheSS
than 5 be cpnverted into TiN at 1350 to 1400°C), the reaction
5 product is nitrided along with the reaction between
the additive and the surface ofide layer. Thus, the
above method is more effective than the method in
which aluminum oxide or boehmite alone is reformed
into an oxynitride. '

10 It is possible to form the surface layer
contaihing an oxynitride by subjecting the AlN powder,
incorporated with the element, to nitrogen ion
impléntatidn, heating with electron beams, heating
with microwave, or high-frequency induction heating,

15 since the diffusion coefficient in aluminum oxide for
each element is higher than that in aluminum nitride
and thus the oxide existing in the surface layer is
converted into an oxynitride. In particular, heating |

- in nitrogen plasma is desirable because it can form

20  the surface layer without raising the temperaturé of
the AlN powder particles and suppress the formation of
oxygen solid solution.

In the case of forming an oxynitride on a
commercially available AlN powder having an oxide

25 layer by partially reducing it with carbon, thé
reducing reaction is made nonuniform by the carbon
distribution, thus making it impossible to perfectly
prevent oxygen from diffusing inside the ALN crystal
grain. Therefore, in order to convert.the oxide

30 -surface layer of the chmercially available AlN powder
into the uniform surface layef of the oxynitride
according to the present invedtion, it is necessary to
take into consideration the reaction conditions and
facilities as will be described hereunder.
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JUL 1997. . - 6- nmol[err] results in an
i ncrease in oxygen anount when the powder is alt+ewed—to stand in the
at nospher e because of high reactivity with the mgjsi s Bedn®@placed
at nosphere, whereas a content thereof nore than 75 5 to
an'increase in the anount of oxygen in solid sol ut m ﬂm
penetration of oxygen fromthe swface layer into ain
inside to 0.15% or nore by weight. A content thereof in the range of
10 to 70 nol[err] is particularly desirrable, since the 10 anount of the

our face Tayer i nfb)rse 18" addfeante, bo iR [ LIRSt o ot o
0.1% or |ess Ba, By, fx, Co, Ni, Cu, Gay Lwerir.adinr Mo Ru tHE
conposi tion of tfg, 1§, 119Dhecdi ey 3gk &Pk Wihpdihd r R $36Y ddpanti on.

_ element. -

5 (2) ' The reaction temperature should be set at 1600°C
or lower, desirably 1500°C or iower,'since reducing
reaction by carbon and solid-dissolution of oxygen
into AIN crystal grain may simultaneously proceed at a
temperature higher than 1600°C. :

10 (3) The amount of oxygen in solid solution inside the’
grain of the commercially available AlN powder should
be at most 0.2% by weight, since the dissolution
oxygen in solid solution partially occurs.

(4) In a resistance heating furnace, if used, at

15 least 1 hour of heating is required to effect
reaction.

(5) Heating with infrared ray or microwave and high-
frequency induction heating are desirable because
-uniform quick heating is possible.

20 Example 1
An amorphous AlN powder produced by pyrolyzing

an alkylaluminum in NH3 was héated to 1500 to 1700°C
in nitrogen gas without bringing the powder into
contact with the étmosphere to grow the grains up to

25 0.3 to 0.8 um in average particle diameter. Each
resultant AIN powder was heatéd to 600°C in a mixed
gas of CH4 and CO, without bringing the powder into
contact with the atmosphere to form an aluminum
oxynitride surface layer on the powder -surface.

30 As the result of énalysis by ESCA for each of
the obtained AIN powders, the proportion Al;03/(Al,05
+ AlIN) in the surface layer was confirmed to be § to
75 mol%. The increment of oxygen in solid solution
inside the AlN érystal grains was determined by ESR
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the AN powder o Y

oxynitride and écé&?‘ding to pElﬁ?{ql?otj‘}eél ﬁgd%wﬁﬂe@%%o?éﬁefflment of

30 t he surfac%h‘i‘-a?%?i’é%?ﬁe &1 bdragedure 9T t“FR?SB&IN-ng diffysion the
grains. As a reseu:éffiacﬁeﬂé'apeax{@mven in TdHXKNESSLdg VLM tHe | €SS can -

ey 1 O RS kon, o, ekt S ] e SRR
5 examples, the AIN powder was heated to 600°C in the
atmosphere instead of the mixed gas of CHy and CO, to
form the surface layer. Measurements were made in the
same manner as that described above in which each
powder was subjected to heating for 1 hr at each
10 temperature of 1500°C, 1700°C, 1900°C in N, gas, as in

the above-mentioned measuring procedure The results
are given in Table 1. |
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t he axygen content with
conventional val ue.
nore, preferably 20 A or
by wei ght or
subj ected to mixing using water as sol~ht and,

amount to 0. 2%

Mor eover ,

-7-

the el apse of tine to one hdhs
a ‘surface | ayer

and nolding with the use of water as

| ayer of the AN powder can be

spectroscopy (FT-

an absorption appears at 680 to 710 cm 1

17 JUI

suppr essi ng the increase |n

t hi ckne
nore, 5 can suppress the increa

| ess even when the powder

t hus,

solvent. 10

ANETA

has been

enabl es m xi ng

The surface

Taklri¥ied by infrared absorption
"IR). When an oxynitride is contained in the powder,
The surface

Grain Increment of oxygen in

growth CH, : CO, solid solution (wt%) _

Temp. Mixing ratio FT-IR

Sample (°C) (atm) 1500°C 1700°C 1900°C (cm™?)
r 1500 0.1 : 0.9 0.06 0.09  0.12 685

2 1500 0.5 : 0.5 0.04, 0.06 0.09 692

3 1500 0.0 : 1.0 0.07 0.09  0.15 684

4 1600 0.1 : 0.9 0.05 0.05 0.11 689

! 5 1600 qﬁz : 0.8 0.03 0.04 0.09 696
6 1600 0.5°: 0.5 0.06 0.07  0.12 701

7 1650 0.1 : 0.9 0.04 0.04 0.08 691

8 1650 0.5 : 0.5 - 0.03 0.03 0.09 705

9 1650 0.0 : 1.0 0.05 0.05 ' 0.09 689

10 1700 0.1 : 0.9 0.02 0.03 0.05 693
11 1700 0.5 :-0.5 0.02 0.03 0.04 701
12 1700 0.9 : 0.1 0.02 0.02 0.06 705
13 1650 0.05 : 0.95 0.05 0.05 0.08 686
14 ° 1650 0.15 : 0.85 0.03 0.03 0.07 691
15 1650 0.25 : 0.75 0.02 0.03 0.06 694
16* 1500 in atmosphere 0.30 0.45 0.55 720
17* 1600 in atmosphere 0.20 - 0.25 0.31 718
18* 1650 in atmosphere 0.16 0.22 0.32 720
19% 1700 in atmosphere 0.16 0.21 0.28 . 720

Note: each sample marked with * indicates a comparative

example (the same applies hereinbelow)..



| ayer thickness can be determned with a transm ssion 15 el ectron

m croscope, by secondary ion nmass spectronetry (St —Tapabl e of
anal ysis in the depth direction or by electron s ct d de-
anal ysi s (ESCA). The oxygen anount in the ALN po 3o Sheke e Bled H B
grain can be determ ned by the change in the nunber of 2§ mﬂw MH*“

el ectrons neasured by the electron spin resonance

Since the surface | ayer of the ALN powdes- according to the present

i nvention contains an oxynitride, the diffusion coefficient of the
oxygen 25 which diffuses fromthe surface layer into the ALN

powder crystal grain s lLower than t opal
powder. The diffusion %o‘é?wetﬁe D £n' tr}{%rﬁeesf‘f]]l?%)f'bpy% a'frlﬁn as
determ ned by el at¥rpowder rhaving tles onarfscd AHjer vhcn Rlgimeknuman 8. 0 x

10-[err] x EXp('oég?*trfgéogécﬂlggégé@ian of-rhflodmtfai'ﬁo Iovmbf ad he

di ffusion cor di ng
met hod. (1mewsered by FBrIRetsremarkablysion bodite cl;mement

Powder as g Staréiﬂ@xﬁ@éﬁriﬁj s {§9BGtion inside the crystal grains
as compared with the AlLN powde£ having the surface
layer of aluminum oxide in the comparative examples.

To the resultant samples of AIN powder was added
Y503 powder with 0.5 pym average particle diameter in a

10 proportion:of 1.0% by weight, based on the weight of
AlN, under ultrasonic mixing in water or ethyl alcohol
as the solvent for 3 hours. The oxygen content was
measured of the powder as a whole for each of the AIN
powders before and after the mixing to determine the

15 increment of oxygen due to mixing. Thereafter, each
of the AlIN powders was press-molded and sintered at
1700 to 1900°C in an atmosphere of nitrogen gas.
Measurements were made of the relative density and

- thermal conductivity by laser flashing for each of the

20 sintered samples. The color tone and color unevenness

were also examined. The results are given in Table 2.
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subtracting the above anobunt in solid sol ution from : the oxygen anmount

obt aj ned-by gas anal ysis and .dividing the differereebythespecific
surface area. (2) Cal cul ation of diffusion cogf fi ﬁ:eeq-msBéeP){elecgd
Because of the necessity for measuring the change w

anal.ysi s was nmade by approxi mate sol ution under the m&m

short diffusion tine - (/2Dt<<1l) using an infinite fIa

par aneters necessary for the calcgyhation are as foll ows:

= nt/ns, where nt: anount of oxygen in the surface Iayer

of Al N powder ns: anount of oxygen I nside Al N powder

"M : increnent of oxygen Ensige ALN p

amunt _0
oxygen in solid sol ut &cﬁeen BIER' £AS resultfeﬁﬁe?%?ﬁ?gg! SAbtnt of
oxygen in solid of the sintered boéméstpnuduoeétﬁrcmngheoMHMrpowder
[err]: amount th§é¥ o] n r eIapse
of infinite tine ﬂ%nthﬁ §B¥f§8? #g%eggg AS %iFSin%ﬂnﬂﬁ¥nl oxygen I n
solid solution i acsexdinggtpoktier present 1nveutlﬁh|ekhebst6fanest pi eces:
(vol urme of g1 g extremely high thermal conductivity and is minimized

in a decrease in thermal conductiv1ty even in the

mixing operation by the-use of water as the solvent.

Example 2
To an AlN powder conta1ning 0.9% by weight of
p 10 oxygen (dissolution oxygen as solid solution of 0.2%

by weight) and 0.1% by weight of impurities other than
oxygen were added'the compounds containing Mg, Ca, Ba,
Ti, V, Cr, Co, Ni, Cu, Ga, Ge, 2r, Nb, Mo, Ru, HE, Ta,
W, Li, B, Si, ¥, Sc and a rare earth metal in a

"15 proportion of 0.5% by weight, in terms of oxide, based
on the weigﬁt of the AIN powder and further a
pyrolyzable resin in a proportion of 0.3% in terms of
carbon, based on the weight of the ALN powder, and the

- resultant blend was heated at 1400°C in an atmosphere

20 of nitrogen gas for 1 hour.

The diffusion coefficient of the oxygen atom
which diffuses from the surface layer into the crystal-
grain of AIN powder was determined by the procedure
described above for each of the obtained AlN powders

25 having an aluminum oxynitride surface layer, for
sample No. 66 on which an aluminum oxynitride surface
layer had been formed by heating in the same manner as
that described above without adding the compound to
the AIN powder and for sample No. 67 comprising the

30 aforesaid AIN powder as such as a compErative example.
The results are given in Table 3.

Then, to the resultant samples of ALN powder was
added Y03 powder with' 0.5 um average particle
diameter in a proportion of 1.5% by weight, based on



Al N specific surface area of 1 g AIN) x 1/2 t:- heating tine

(sec), - 17
JUL 1997 -9-- . _The relation
between M and Merr] is as follows: [ EQuati on 1] i
[err] (1+a)(1 - eerf([err](Dt/L[err])/a]), thus i This Sheet(Hag|Been Replac®] . 5
eerf[[err](Dt/L2)]/a] =1 - M/(1+a)[err] W‘ﬁ" il l ?
[err](Dt/L[err])/a means (u/LhﬂrD[qh@Ja. L .
correction function is as foll ows: [ EQuati on 3] . B

the weight of the AIN powder, as the sintering aid
under ultrasonic mixing for 2 hours. The resultant
mixture was molded on a dry press and sintered at
1850°C in nitrogen gas for 3 hours. Measurements were

5 mage'of the relative density apd thermal conductivity
for each of the sintered bodies. The results are
given in Table 3. The thickness of the oxynitride
layer was 100 A or smaller for each of the samples
(Sample Nos. 20 - 66).



eerf(Xy = exp(Xerr]) x eerf(X) 10 The diffusion coefficient |s

cal cul ated by substituting the results of neasurenent for M; Mo
and -, a in the above equation 2 and X expressed by the
foll oyvi ng equation 4 is cal cul at ed_ by using the error Th.SShe&%sfﬁeGﬁk g,ced
function table. 15 [ EQuati on 4]
The diffusion coefficient D at respective terrperat
obt ai ned by substituting L t and =194 in Equation 4.
[ Equat i on 5] = Derr] x exp(-H RT) where T
heating tenperature in K D[err] (frequency factor) and H (dlffu5|on
ent hal py) are obt ai ned by taking.comon | ogarithmfor both sides and
25 applying the nmethoge df | east squares to 1/T. . Next, the
process for produci ng the4qAl}N powder having a surface | ayer
contai ning an oxynitride .‘,’, ~according to the present invention wll be
descri bed. In the %e wf @l N ovmlerm maediat ecby sn‘tem sgnt mesi s 30
: o
out of contact with theE [ﬁlerg, atNl sm V\Rh(ﬂut ~ N Y N .
B - A
. £0
&0
o
>i>,1. .
'43.,.. . o~ o w0 o o0 ™~
mA L] L] L] [ ] L] O. L[] L] L] L] [ L]
[2)) o
2 5% & & 2 & & & & a o o
y 2
P ~ _ ~
i | 8§ £ E B e 8 8 88 & B
- M OB MO\ MoK o oK KoM
(¢} N N N O NN NN NSNS NoO
-l 0O O © 0O 9 O © 0 9 9 9.0
4y O O O O O 0O O 0O O 0O O
H g 0 & O @ A O A A A & ~H o
Ol &0 & 8§ © O oo &N N H O o V
= 0y © © &~ | &~ VW VU > O &~ >
O ! ] i1 ~ 1 ! 1 1 ] t I~
9 <6l e e 8§58 8B BB B
a o ¥ % ¥ ¢ ¥ % X A B & % 0
.~ "Anl 0 ® o 0 © 0 © ¢ o0 O
& u"j o & o0 A o o o o O o o
- e } i U L] U ' | ! i i § i
Y VR 7 N - T 5 N N TR > S B I " I
R I T T T T T L e B
(a] A A N A 0 M A A A A
o
P .
g @ g2 828 478 &
g9 ¥ ¢ © o ® 0 © + @© o
o o £ P g K Q ¥ d 4 o
€] H 0 ©® 0 ¥ H o £ o .
o0 @« ¥ 4 4 H4 © 0O 0 @ :
Ol @« 9 o H € 0 @ Qg & o
P 0 %X do H 0 5
Uyl W ©® 0 D 5 s 5 © s
Q . > 0 5 ~
g E E E 5 s I I | " B
o 3 I 3. w u w 5 . 3
<l 4 A A4 A4 @ o ¢ = -0
U 0 U U £ g £ HA. @ ~ & U
4 4 &4 A B O b 4 L O O
d o8 o & & & o o A4 A oA o
O U0 U 0 E - E E Q P B B &
0
~ .
8 O A4 N M & 1 w N O 60 O o
El & & a4 N & 8 & N o ™M ®
0




i

Hitheet &

|§he7t

33
| ac

oxynitride can be

red

into contact with carbon di oxi de

uction take p

as a

carbon source supplied in gas phase,
Xi§hs
743

a surface |layer containing an
5

and carbon di oxi de each at 500[err] or hﬁgﬂ

when a carbon source coe
oxi dation by carbon di oxi de and

y bringing the AIN powder
thus facilitating

or a nixed gas of a
met hane,
“SHEET

surface | ayer
-10-

formed b
parti cul ar,
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In the case of a commercially avail able ALN powder having a surface

| ayer _.cont ai ni ng an oxi de or the like, it is desirable to adopt a
met hod wherein 10 the powder is heated in an atnosphere of nitrogen or
ammoni a gas in the presence of a reducing agent such TlusSheeaBascBeanbtepiacmd a
metal, e.g. calcium It is also- p055|bletorerrov

sur'face | ayer and then - forma new surface | ayer c

oxynitride. 15 For, exanple, a commergially avail abl e

be heated in chlorine gas for etching the oxide in the surface Iayer
and then heated in an at nosphere of hum di fi ed ammoni a gas.

The above-nention thods are applicable to 20 the powder, which has
been|ncorporatedvv| h My, Ca, Ba, Ti, V, C, Co, N, Cu, @&, Ge, Zr,

Ta, W Li, B, Si, Y, Sc and/or arare earth eIerrent

at’ the ti DIEpOE or ,aft(.er dshegsy iy hegi s of,dAI N poywdery t9 o %m
the oxynitride IE exf cof ::g ng tﬂe afor‘esatnd n egermntso liﬁhe“’Al
powder after sy s may %ccﬂ'po‘?’atg’d Wth |n8fga\r'1|c or ordanl?:'

conpounds gnt aining the aforesaid netallic elenment(s) in pI ace
of 'such netalli é‘@+ nment or el ements. It is desirable

v
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to adopt a nethod for enhancing the proi)-o-r-t.i on thereof 30 on the AN

surface (ALN surface covering ratio), such as a net hod .wherein an
organonet al’lic conpound in solutron formis applied to the powder,
deposition of the netallic elenent, or theTngghegtfHagBeen Replaced

el ectrol ess
powder of 5,000 A or smal ler in particle dizdhter. In
1 7 JUL 1997 -11- partlcul
case of the additive el ement or «€ compound whi ch forms a ni
relatively | ow tenperature (fog exanple, Ti, Ti@2 and T|th|ch can
be converted into TiN at 1350 to 140Q[err]), the reaction
g
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5 product is nitrided along with the reaction between the additive
and the surface oxide layer. Thus, the . “above nethod is nore effective
t han. the nethod in whi ch al um num oxi de or boehmte alone is refornmed
into an oxynitride. 10 : It is possible to formthe surface-tlayer

contai ning an oxynitride by subjecting the AN powder, |ncorporated

with the elenent, to nitrogen ion i mpl ant at i on, Thig 3le; ettron
beans, heating with mcrowave, arziugh- frequency | I il |ng,
15 since the diffusion coefficient in alun1nun1OX|d
el ement is higher than that in aluninun1nitride and t hus the OX|de
existing in the surfa er X r
particul ar, heating k8 Lﬁ¥ rﬁ+?+5g%ﬁ ?ﬂéﬁkﬁé* é%@%b‘gpﬁ%%gﬁggﬂ?t can
form 20 t he spowdex, | ayrgeni ¢comtent airsut-grmmeof cthpereepachion (3 xthe
Al'N powder parti f

kaéeﬁngm cas§§ #*@{%Mﬁ%@ + nitr C%Mon%ﬁblﬁﬂ’

sol uti on. ng an oxynitri

comrercial ly avaiﬁa%‘ll% ﬁ&#\fmubaymﬂmgsmkﬂ@ o5 20 toed wAs gl tial ly
reducing i§ witheRarbangetd€ 10 to TSN rAAEdHLdrit Mt I iNgr m by

t he carbon
67 having an oxide surface layer was more than 75

mol%.
Example 3
AlN powders having different amounts of oxygen
10 in solid solution inside the crystal grains of AlN as

specified in Table 4 were prepared, incorporated with
calcium carbonate in a proportion of 0.3% by weight,
based on the weight of AIN, and a phenolic resin in a
proportion of 0.6% by weight, based on the weight of

15 AlN, for wet mixing in ethyl alcohol and then heated
at 1450°C in an atmosphere of nitrogen gas for 3 hours
to convert the oxide layer on the powder surface into
the surface layer of an aluminum oxynitride. '

As the result of analysis by ESCA for each AlN

20 powder thus obtained, the proportion A1203/(A1203 +
AlN) in the surface layer was 13 to 40 mol% for
samples Nos. 68 Eo 72. The AIN powders in samples

( Nos. 73 and 74 were not subjected to surface

modification treatment by heating and the surface

25 thereof was composed of the oxide. Consequently, the
above proportion was more than 75 mol%. The position
of absorption in FT-IR for each AlN powder is given in
Table 4. :

Then, to the resultant samples of -AlN powder.was

30 added, under mixing, Y5053 in a proportion of 1.5% by
weight, based on the weight of the AIN powder as the
sintering aid. The resultant mixture was press-molded
and sintered at 1850°C for 3 hours. Measurements were
made of the relative density and thermal conductivity



di stri buti on,

thus making it inpossible to perfectly

prevent oxygen

fromdiffusing inside the AIN crystal - grain. Therefore, in order to
convert the oxide 30 surface | ayer of the conmercial | y—avatrtabte AN
into the uniformsurface layer of the oxynltrlde

powder

according to the present invention, it is necessary to ‘“N“”d
consi deration the reaction conditiohs and facilities “ ||

descri bed hereunder. ' -247~ JUL 1997

-12-

10

15

20

- 25

30

(1)

It is desirable to use, in COHbination

for each of the s;nterea bodies. The results are
given in Table 4.

Table 4

Sample Oxygen amount Thermal Relativé FT-IR
in solid soln. conductivity density
in powder

(wt%) (W/m-K) (%) {em~1)
68 0.19 150 99.9 689
69 0.15 195 99.8 687"
70 o 0.11 ) 249 99.7 684
LA "~ 0.05 275 99.9 690
72% 0.25 135 99.9 680
73% 0.35 110 . 99.9 681
74% 0.25 134 99.5 720
75% 0.15 146 99.9 718

As can be seen from the above results, ﬁhén the
surface layer is constituted of the oxynitride and the

-~ amount of oxygen in solid solution inside the crystal

grains of AIN powder is 0.2% by weight or less, a
thermal conductivity of 150 W/m+K or higher can be
easily attained.
Example 4 :

An AlN powder having an oxygen content of 1.5%
by weight, a specific surface area of 15 mzlg, a
metallic impurity level of not more than 0.1% by
weight and an amount of oxygen in solid solution in
the AIN crystal grains of not more than 0.05% by

weight was heated to 500°C in bhlorine_gas to remove

the oxide layer on the surface of the powder, and

incorporated_with aluminum chloride gas, ammonia gaé
and nitrogen gas containing moisture (0.01 Torr) to
form an aluminum oxynitride layer on the AlN powder.
The thickness of the layer was regulated by varying




Ba, Ti, V, O, Co, Ni, CQu, &, Ge, Zr, Nb, M, Ru, Hf, Ta, W Li, B,
Si, Y. Se or a conpound of arare earth element. 5 (2) The
r eacti on t enperature-should be set at 1600[err] or |ower, desirably

1500[ err] or |lower, since reducing reaction by carbon apd—7""" "

sol i d-di'ssol ution of oxygen into AIN crystal grain may S|nultangougly
proceed at a tenperature higher than 1600[err]. 1thShe as X unt
of oxygen in solid solution inside the27- grain of t he Mm
avai l abl e Al N powder shoul d be at nost 0.2% by meig

di ssol uti on oxygen in solid solution partially occurs (4) In a

resi stance heat gg.xf YRG/IMED 486d, at- 15 | east 1 hour of heating is
required to eff ) (5) Heating with infrared ray or
m crowave and hi gh- frequency induction heating are desirabl e because
-uni form qui ck heating | aPQAItUMInem A4 trideX Gﬁhﬁrlhaving a surﬁ&cé”nrphous

heat 0d 1o 1500 YRR SEBEALRLng dn exw?aa,@ “Ehéxaptronzen: ARGERgL: ne.

powder into the surface layer of the alum1num nitride particle
contains an aluminum oxynltride which has an oxygen
5 content of 5 to 75 mol% in terms of Al,03/(Al,05 +
AlIN).

2. An aluminum nitride powder having a surface
layer containing an oxynitride characterized in that
the surface layer of the aluminum nitride particle
contains an aluminum oxynitride and at least one other

5 oxynitride selected from the group consisting of
oxynitrides of Mg, Ca, Ba, Ti, V, Cr, Co, Ni, Cu, Ga,
Ge, 7Zr, Nb, Mo, Ru, Hf, Ta, W, Li, Ba, Si, ¥, Sc and
rare earth elements, said aluminum oxynitride and at
least one other oxynitride having a total oxygen

10 content in the tange of 10 to 75 mol$ in terms of (3 x
.oxygen amount)/(3 x oxygen amount + nitrogen amount).

3. An aluminum nitride powder according toclaim
lor 2 , wherein the surface layer containing an’
oxynitride has a thickness of 10 to 100 A.

4. An aluminum nitride powder according to claim
1,2 or 3, wherein the diffusion coefficient D (cm2/s)
of the oxygen which diffuses from said surface layer
into the crystal grain of the aluminum nitride powder

5 is 8.0 x 10”2 x exp(-69100/R:T) or lower.
S. An aluminum nitride powder according to claim
1,2,3 or 4, wherein the amount of the oxygen in the solid
solution inside the crystal grains of the aluminum
nitride powder is 0.2% by weight or less.

-,

I

R



contact with the atnosphere to grow the grains up to 25 0.3t0 0.8 pmin

average particle dianmeter. Each resultant Al N powder was-heatedt0
600[err] in a m xed gas of CH4 and CJ err] wthout bringing the aced
powder into contact with the atnosphere to forn1an Fhis 8 B““Rﬁ ace
oxynitride surface | ayer on the powder surface. 30 ﬁ‘m ‘
anallysis by ESCA for each of the obt ai ned AN pomders
Allerr]err]/(Allerr]Jerr] + AIN) in the surface |ayer was

- confirmed to be 5 to 75 mol % The increnent of oxygen in solid
sol ution I nside the AIN crystal grains was determ ned by ESR
REPLACENENT SHEET
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ALUMINUM NITRIDE POWDER HAVING SURFACE LAYER
) CONTAINING OXYNITRIDE

ABSTRACT OF THE DISCLOSURE -

An aluminum nitride powder having a surface
layer containing an oxynitride characterized in that
the surface layer of the aluminum nitride partiéle

5 contains an aluminum oxynitride which has an oxygen
-content of 5 to 75 mol% in terms of Al,03/(Al,03 +
AlN). The surface layer of the aluminum nitride
powder may contain, besides the aluminum oxynitride,
_ at least‘one other oxynitride selected from among
{ 10 oxynitrides of M§, Ca, Ba, Ti, VvV, Cr, Co, Ni, Cu, Ga,
Ge, 2r, Nb, Mo, Ru, Hf, Ta, W, Li, B, 8i, ¥, Sc and
rare metal elements and the aluminum oxynitride and. at
least one other oxynitride have a total oxygen content
in the range of 10 to 75 mol% in terms of (3 x oxygen
15 amount)/(3 x oxygen amount + nitrogen amount). The
aluminumnitride powder-can easily be converted into a
sintered body having excellent sinterability and
favorable characteristics, since the above surface
layer reduces the penetration of oxygen from the
20 surface layer into the crystal grains and prevents the

formation of microcracks layer.

Fig. 1



according to the above-described procedure (refer to . the entitled
"(1) Procedure for measuring diffusion coefficient") and given in
Table 1 along with the position of absorption in ET-IR As
conparatlve 5 exanpl es, the AN powder was heated to 600[ e

at nosphere instead of the m xed gas of CEM 2£d CIIerrL Uﬁsmmﬂ forn1the
surface | ayer. Measurenents were nade i {

descri bed above in which.each powder was subj ecte ammﬁw&p
hr at each 10 tenperature of 1500[err]C, 1700[err]C,

gas, as in t he above-nenti oned neasurlng procedure. The resu

are given in Table 1.
REPLACEMENT SHEET
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ALUMINUM NITRIDE POWDER HAVING SURFACE LAYER
CONTAINING OXYNITRIDE

BACKGROUND QF THE INVENTION

‘1; Field of the Invention

10

15

20

25

The present invention relates to an aluminum
nitride powder to be used for the production of
alumlnum nitride sintered body.

2. Description of the Prior Art

The surfaces of the particles of an aluminum
nitride powder have heretofore been composed of
aluminum oxide boehmite (AlOOH) and/or aluminum
hydroxide (Al(OH)3) formed by the reaction with the

moisture in the air. In the case of the powder

-produced by the reductive nitriding method in which

decarbonizing is effected in an atmosphere containing
oxygen gas in order to remove excess carbon at the
time of production, the surfaces of the particles have
been composed of an aluminum oxide (A1;03) formed' in
the decarbonizing step. A number of cracks has been
caused on the surface layer thereof due to the
difference in thermal expansion coefficient between
aluminum nitride and aluminum oxide, boehmite and/or
aluminum hydroxide, or due to milling of the aluminum
nitride powder. .

Accordingly, with regard to the conventional .
a;uminum nitride powder, there has been observed a
phenomenon that reaction takes place between the
oxygen in the surface layer, which is composed of
aluminum oxide, boehmite and/or aluminum hydroxide,



~As can be seen fromthe results in Table 1, the ALN.peweer—i YrNg the

. surfacé Iayer of an al um num oxynitride at an: Nﬁﬂ@ﬁﬁ dito

' 69Q cnferr], measured by FT-1R is remarkably v the | ncrierfent

;5 A of ongen in solid solution inside the crystal graln&?J L 16995 3
corrpared w th the Al N powder ‘having-the surface ay'\e cl>Jf lﬁ E
oxide in the conparative exanpl es. To thejr s} of
Al N powder was added Y203 powder=%ith 0.5 pm ayerage partlcle )
dianeter in a 10 proportion of 1.0% by wei ght, basee—ormtte Wer ght" of:
ALN, under ultrasonic mxing in water or ethyl alcohol" as the:sol vent

for 3 hours. Theandytke abahfnﬁmmsr_ride inebdelr e opaxtthic Yesviihve aso a whol e
for each of the owder s bef r the Xl to determ ne
the 15 increnﬁh#l%?a8§ ﬂcﬁﬂﬁp?ﬁy $i§%e5£ﬂ§%%ﬁ?Q§ of the
Al N powder s was #neseaselﬂndthadamﬁumtwafiaxygen in]éﬁl&dcsdlﬂhﬁanr] in an

atmosphere of 1149888 &fminun nidEALTERENSLIGE TS Heddinds B | Ve

density and ermal con aser ashing for eac t he 20
sintered sanpl esthe mount @£ toxrgem rcdthn sucfacmctayer at the sameo

exan1ned The regyhés aAg 8i ¥&8uip, Tad Econventional aluminum nitride
has brought about the problems that the resultant '
aluminum nitride sintered body is lowered in thermal
conductivity and changed in color tone, énd pores are
- 10 formed in the grain boundary region by the decrease in
a liquié phase amount and nonuniform distribution
thereof which accompany the decrease in the amount of
oxygen in the surface layer.
An aluminum nitride powder reduced in oxygen
15 content to attain a high thermal conductivity has
problems that the thickness and distribution of the
surface layer are made nonuniform and, therefore, when
the powder is allowed to stand at room temperature in
‘the atmosphere, moisture and oxygen in the atmosphere
20 penetrate through the microcracks at the time of
heating or with the elapse of time, thus causing an
increase in the amount of oxygen and finally an
increase in the amount of oxygen in solid solution
inside the grains of aluminum pitride (A1N).

25 SUMMARY OF THE INVENTION

Under these circumstances, an object of the
present invention is to provide an aluminum nitride
powder capable of easily being convertéd into a
sintered body having excellent sinterability and

30 favorable characteristics by decreasing the amount of
oxygen which penetrates from the surface layer into
the ALN crystal grain inside to form a solid solution
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at the time of heating, and eliminagﬁhg the formation
of microcracks due to the difference in thermal
expansion coefficient between the surface layer and
the inside to suppress the increase in the amount of
oxxgén.

In order to achieve the aﬁbve—mentioned object,
the aluminum nitride powder according to the present
invention is charqcterized in that the surface layer
of the aluminum nitride powder contains an aluminum
oxynitride which has an oxygen content of 5 to 75 mol%.
in terms of Al,03/(Al,03+ AlN).

- The surface layer of the aluminum nitride powder
according to the present invention may contain at
least one selected from the group consisting of
oxynitrides of Mg, Ca, Ba, Ti, V, Cr, Co, Ni, Cu, Ga,
Ge, 2r, Nb, Mo, Ru, Hf, Ta, W, Li, B, Si, Y, Sc and a
rare metal element in addition to an aluminum
oxynitride. 1In such a case, the powder is

‘characterized in that the aluminum oxynitride and the

above-mentioned other oxynitrides have a total oxygen
content in the range of 10 to 75 mol% in terms of (3 x -
oxygen amount)/(3 x oxygen amount + nitrogen amount).

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a graph showing the oxygen
concentration distribution in the depth direction as
determined by'SIMS (secondary ion mass spectroscopy)
for both the conventional AlN powder having a surface
layer composed of an oxide and the AlN.powder having a
surface layer composed of an oxynitride according to.
the present invention, both powders having been heated
at 1800°C for 1 hour in pure N, gas.

- FIG. 2 is a graph showing the relationship
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between the time of standing and the increment of
oxygen when the AIN powder having an oxynitride layer
on the surface thereof in Example 4 and the
conventional AlN powder having an oxide layer on the
sq;féce thereof are each allowed to stand in the
atmosphere at 50°C and 50% humidity.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

Siqce the surface layer of the aluminum nitride
(AIN) powder according to the present invention _
consists of or contains an aluminum oxynitride, the
amount of oxygen which penetrates into the crystal
grain inside to form a solid solution is markedly
reduced by the decrease in the diffusion coefficient
of oxygen or the amount of oxygen in the surface
layer. FIG. 1 gives oxygen concentration distribution
in the direction of depth for both the conventional

AlN powder whose surface layer is composed of the

oxide and the AlN powder of the present invention
whose surface layer is_composed of the oxynitride.
The analysis was made by SIMS (secondary ion mass
spectrometry) for the molding with a reduced beam
diameter, subsequently a correction was made for the
average grain size assuming the grains to be
spherical, and the oxygen concentration distribution
per grain was expressed. As can be seen from the.
result shown in FIG. 1, the AIN powder of the present
invention having the surface layer composed of thé
oxynitride is markedly reduced in the amount of oxygen
in solid solution, thus making it possible to fix
oxygen in only the surface layer even when the powder
is heated for sintering.

In the case of producing an AIN sintered body
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with a high thermal conductivity, the amount of oxygen
in solid solution inside the crystal grain of A1N |
powder as the starting material is desirably 0.2% by
weight or less. Such a desirable amount can be
at?ained by the present invention;_thus making it

.possible to prevent the decrease in the thermal

conductivity of the AlIN sintered body by using the AlN
powder of the present invention as the starting
material. It is also possible to control the thermal
conductivity of the AlN sintered body with high
accuracy, since the amount of oxygen which penetrates
from the surface layer into the crystal grain inside
to form a solid solution is reduced and the amount of
the oxygen in solid solution is defined by the
compositional ratio of the oxygen to the nitrogen in
the surface layer. _

In addition, since the oxynitride in the surface
layer is ehemically stabilized and the amount of
oxygen in solid solution in the crystal grain inside
is reduced, the formation of the liquid phase at the
time of sintering is stabilized, the formation of the
pores in the grain boundary'is suppressed and besides,
it is made possible to prevent the change in the color
tone of the sintered body. In particular, an alkaline
earth element or a rare earth element, when contained
in the surface layer, lowers the melting point of the
liquid phase to be formed by 50°C or more, thus
further improving the sinterability.

The suppression of the amount of gxygen in solid
solution caused by the penetration of ongen from the
surface layer into the crystal grain inside is
effective when the oxygen content in the surface layer
ranges from 5 to 75 mol% in terms of Al,03/(A1,03 +
AlN). Specifically, a content thereof less than 5
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mol% results in an increase in oxygen amount when the
powder is allowed to stand in the atmosphere because
of high reactivity with the moisture in the
atmosphere, whereas a content thereof more than 75
mq}%'leads to an increase in'the amount of oxygen in
solid solution by the penetfatibn of oxygen from the
surface layer into the crystal grain inside to 0.15%
or more by weight. A content thereof in the randé of
10 to 70 mol% is particularly desirable, since the
amount of the oxygen in solid solution by the
penetraéion of oxygen from the surface layer into the
crystal grain inside can be suppressed to 0.1% or less
by weight.

" Moreover, aécording to the composition of the
objective sintered body in the present invention, the
surface 1ayér of the AlN powder may contain at least
one other oxynitride selected from the group
consisting of oxynitrides of Mg, Ca, Ba, Ti, V, Cr,

‘Co, Ni, Cu, Ga, Ge, 2r, Nb, Mo, Ru, Hf, Ta, W, Li, B,

Si, ¥, Sc and a rare earth element. It is necessary
in such a case that the aluminum oxynitride and other
oxynitrides have an oxygen content, in total, of 10 to
75 mols% in terms of (3 x oxygen amount)/(3 x oxygen
amount + nitrogen amount) in order to attain the
above-mentioned effect on the suppression of the
amount of oxygen in solid solution.

Since the surface layer of the ALN powder of the
present invention contains the aluminum oxynitride and
other oxynitride, the thermal expansion coefficient of
the surface layer comé; close to that Bf the AlN
inside the grains. As a result, a surface layer
thickness of 100 & or less can prevent the formation
of microcracks, thereby enhancing the protective
function against the moisture in the atmosphere and



. "decredsé in-thermal, conductivity evenin the m x

As.can be seen fromthe results in Table 2, each of the S|ntered
. bodi es produced fromthe AIN powder havi ng the sprfaee -
~~al um num oxyni tride according to the present i nvpRitic
57. extreemely high thernmal conductivity and is m ni m

use of water as the solvent. Exanple 2

contai ning 0.9% by wei ght of 10 oxygen (dissolution
solution of 0.2% by wei ght) and 0.1% by wei ght of inpurities other
t han oxygen were added the conpounds containing My, Ca, Ba, !

T, v, &, Co, ghgg%#ﬁsgﬁ?a?ﬁ zﬁciE@seN@n e %gg? 60% t with! B’ Si,

Y, Sc and a rar ortro y melght in
terns of oxi de, thgsedapse of bmmehb0menghha f oneless 96mﬁb¢ and further a

pyr ol yzabl e e onivnd 1BRAROYNAR, Of MirddvEp, | &7 Birfhoe layercarbon, based

on the wei ght of powd resul tan | end was heat ed
at 1400[ err] C i fhdskresssphell éoor mgren; PFe§erabhy £0rA10R0MpTe,

5 can suppress the increase in the oxygen amount to 0.2%
by weight or less even when the powder has been
subjected to mixing using water as solvent and, thus,
enables mixing and molding with the use of water as

_ solvent.

10 The surface layer.of the AlN powder can be
identified by infrared absorption spectroscopy (FT-
IR). When an oxynitride is contained in the powder,
an absorption appears at 680 to 710 cm~1.  The surface
layer thickness can be determined with a transmission

15 electron microscope, by secondary ion mass
spectrometry (SIMS) capable of analysis in the depth
direction or by electron spectroscopy for analysis
(ESCA). The oxygen amount in the AlN powder crystal
grain can be determined by the change in the number of

20 unpaired electrons measured by the electron spin
resonance (ESR) method.

Since the surface layer of the AIN powder
according to the present invention contains an
oxynitride, the diffusion coefficient of the oxygen

25 which diffuses from the surface layer into the AIN
powder crystal grain is lower than that in the
conventional AIN powdexr. The diffusion coefficient D
(cmz/s) of oxygen atom as determined by electron spin
resonance (ESR) is not higher than 8.0 -x 10-9 x exp(-

30 69100{cal/mol)/R-T). The measurement of the diffusion
coefficient was made accordlng to the following
method.

(1) Procedure for measuring diffusion coefficient:
Powder as a starting material and those



_.'the procedure descri bed above for each of the obtal
“~hav1ng an al um num oxynitride surface layer, for

R

The diffusion coefficient of the oxygen atom whi ch - dlffuses fron1the
surface |layer into the crystal . grain of Al N powder s

whi th an’ al umi num oxynitride surface . layer had be
heati'ng in the same manner as t hat descri bed abovg V
t he conpound to ' the AN powder _gnd for sanple No. §67
30+ aforesaid ALN powder as such as conparative exangl e.
results are given in Table 3. Then, to the red4d AnMFeST T
AN powder was added Y203 powder with O. m ayer age partlcle
di aneter in a pﬂ@ﬁ@mﬁhﬁﬁdoﬁtl1§ﬂpb9 wdi7gafc Ba§e59gﬁ C, respectively,

REPLACEMENT SHEEbr 1 hour were press-molded into test pieces with
16.6 mm length, 16.6 mm width and 2.5 mm height at a
molding density of 1.8 to 1.9 g/cm3using camphor (8%

5 bx.wéight) so as to attain the conditions close to
those for sintering. The number of unpaired electrons
of each of the test pieces was measured by the
electron spin resonance (ESR) method and was converted
to the amount of oxygen in solid solution. The oxygen

‘ 10 amount in the surface layer was determined by
subtracting the above amount in solid solution from
the oxygen amount obtained by gas analysis and
dividing the difference by the specific surface area.

(2) Calculation of diffusion coefficient (D):

15 Because of the necessity for measuring the
change with the time, analysis was made by approximate
solution under the condition of a short diffusion time
(V2Dt<<¢1) using an infinite flat plate. The parameters
necessary for the calculation are as follows:

20 a = nt/ns, '

where nt: amount of oxygen in the surface layer
of AlN powder
ns: amount of oxyéen inside AlN powder
Mt: increment of oxygen inside AlN powder
25 = amount of oxygen in solid solution at each
temperature - amount of oxygen in solid
. solution in starting powder
Mee: amount of oxygen in solid solution after the
elapse of infinite time

30 total oxygen amount - amount 6f oxygen in

" solid solution in starting powder.
L: Thickness of test pieces: (volume of 1 g
AlN/specific surface area of 1 g AlIN) x 1/2
t: heating time (sec)



17 JUL 1997 t he wei ght of the AIN powder, as the sintering—aid _
under «ul trasonic mxing for 2 hours. The resultant 'RQFLACEQENﬁﬂﬁHEBT '
oh a dry. press- and sintered at 1850[err] C in nitrogen gas—tor~3 Nour}s.{
Measur enernits were 5 ‘made of the relative density and t pef

conduct|V|ty - for each of the sintered bodies. The reu P?JZP%“'W97

given i'n Table 3. The-thi'ckness of the oxynitride | ay el was—100—A-at
smal | er for each of the sanples ¢%anpl e Nos. 20 - 66}. )
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' The relation between Mt and M» is as follows:

[Equation 1]
Mt /Moo= (1+a) {1 - eerf[l(Dt/Lz)/a]}, thus
[Equation 2]
. 5 ‘eerf[V(Dt/L2)1/a] = 1 - ME/(1+a)Mso
where 4(Dt/L2)/a means (Dt/Lz)%/a.
The error correction function is as follows:
[Equation 3]
eerf(X) = exp(xz) x eerf(X)
¢ 10 ' The diffusion coefficient is calculated by
substitdting the results of measurement for Mt; Me and
a in the above equation 2 and X expressed by the
following equation 4 is calculated by using the error
correction function table.
15 - [Equation 4]
- X = J(Dt/L?)/a

The diffusion coefficient D at respective
temperatures can be obtained by substituting L, t and
a in Equation 4.

20 [Equation 5]

D = Dg x exp(-H/RT)

where T: heating temperature in K. Dy
(frequency factor) and H (diffusion enthalpy) are
obtained by taking common logarithm for both sides and

25 applying the method of least squares to 1/T.

Next, the process for producing the AlN powder
havipg a surface layer containing an oxynitride
according to the present invention will be described.
In the case of AIN powder immediately after synthesis

30 out of contact with the atmosphere, that is, without
surface layer, a surface layer containing an '
oxynitride can be formed by bringing the AlN powder
into contact with carbon dioxide or a mixed gas of a
carbon source subplied in gas phase, such as methane,
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and carbon dioxide each at 500°C or higher. In

- particular, when a carbon source coexists as a

reducing agent, oxidation by carbon dioxide and
reduction take place simultaneously, thus facilitating
the formation of a surface layer containing an
ox}nitride. -

In the case of a commercially available AlN
powder having a surface layer containing an oxide or
the like, it is desirable to adopt a method wherein
the powder is heated in an atmosphere of nitrogen or
ammonié gas in the presence of a reducing agent such
as carbon or a metal, e.g. calcium. It is also
possible to remove the existing surface layer and then
form a new surface layer containing an oxynitride.

For example, a commercially available AlN powder may
be heated in chlorine gas for etching the oxide in the
surface layer and then heated in an atmosphere of
humidified ammonia gas. '

The above-mentioned methods are applicable to
the powder, which has been incorporated with Mg, Ca,
Ba, Ti, Vv, Cr, Co, Ni, Cu, Ga, Ge, 2r, Nb, Mo, Ru, Hf,
Ta, W, Li, B, Si, ¥, Sc and/or a rare earth element at"
the time of or after the synthesis of AN powder, to
form the oxynitride layer containing the aforesaid
elements. The AIN powder after synthesis may be
incorporated with inorganic or organic compounds
containing the aforesaid metallic element(s) in place
of such metallic element or elements. It is desirable
to adopt a method for enhancing the proportion thereof
on the AlN surface (AlN surface covering ratio), such
as a method wherein an organometallic compound in
solution form is applied to the powder, electroless
deposition of the metallic element, or the use of a
powder of 5,000 A or smaller in particle diameter. 1In




[err] 17 JUL 1997 - - 20- - . |
RN - . [RePLACEMENT ShEET

17 JUL 1997

-11-

particular, in the case of the additive element or
compound which forms a nitride at a relatively low
temperature (for example, Ti, TiO, and TiC which can
be converted into TiN at 1350 to 1400°C), the reaction

5 p:pdﬁct is nitrided along with the reaction between
the additive and the surfacé oiide layer. Thus, the
above method is more effective than the method in
which aluminum oxide or boehmite alone is reformed
into an oxynitride.

10 It is possible to form the surface layer
containing an oxynitride by subjecting the AIN powder,
incorporated with the element, to nitrogen ion
implantation, heating with electron beams, heating
with microwave, or high-frequency induction heating,

15 since the diffusion coefficient in aluminum oxide for
each element is higher than that in aluminum nitride
and thus the oxide existing in the surface layer is
converted into an oxynitride. 1In particular, heating

- in nitrogen plasma is desirable because it can form

20 the surface layer without raising the temperaturé of
the AIN powder particles and suppress the formation of
oxygen solid solution.

In the case of forming an oxynitride on a
commercially available AlN powder having an oxide

25 layer by partially reducing it with carbon, the
reducing reaction is made nonuniform by the carbon
distribution, thus making it impossible to perfectly
prevent oxygen from diffusing inside the ALN crystal
grain. Therefore, in order to convert.the oxide

30 ° surface layer of the commercially available AlN powder
into the uniform surfaée layer of the oxynitride
according to the present inveﬁtion, it is necessary to
take into consideration the reaction conditions and
facilities as will be described hereunder.
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(1) It is desirable to use, in combinat;on, Mg, Ca,
Ba, Ti, V, Cr, Co, Ni, Cu, Ga, Ge, Zr, Nb, Mo, Ru, Hf,
Ta, W, Li, B, Si, Y, Sc or a compound of a rare earth
element. ' ' | o |
(2) The reaction temperature should be set at 1600°C
or.lower, desirably 1500°C or iower, since reducing
reaction by carbon and solid-dissolution of oxygen'
into AlIN crystal grain may simultaneously proceed at a
temperature higher than 1600°C. :

(3) The amount of oxygen in solid solution inside the
grain of the commercially available AlN powder should
be at most 0.2% by weight, since the dissolution
oxygen in solid solution partially occurs.

(4) 1In a resistance heating furnace, if used, at
least 1 hour of heating is required to effect
reaction.

(5) Heating with infrared ray or microwave and high-
frequency induction heating are desirable because

- uniform quick heating is possible.

Example 1 )
An amorphous ALN powder produced by pyrolyzing

an alkylaluminum in NH3 was heated to 1500 to 1700°C
in nitrogen gas without bringing the powder into

"contact with the étmosphere to grow the grains up to

0.3 to 0.8 um in average particle diameter. Each
resultant AIN powder was heatéd to 600°C in a mixed
gas of CH; and CO, without bringing the powder into
contact with the atmoéphere to form an aluminum
oxynitride surface layer on the powder -surface.

As the result of énalysis by ESCA for each of
the obtained ALN powders, the proportion A1203/(A1203
+ AlN) in the surface layer was confirmed to be 5 to
75 mol¥. The increment of oxygen in solid solution
inside the AlN érystal grains was determined by ESR
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according to the above-described procedure (refer to
the entitled "(1) Procedure for measuring diffusion
coefficient”) and given in Table 1 along with the
position of absorption in FT-IR. As comparative
examples, the AIN powder was heated to 600°C in the
atmosphere instead of the mixed gas of CHy and CO, to
form the surface layer. Measurements were made in the
same manner as that described above in which each
powder was subjected to heating for 1 hr at each
temperature of 1500°C, 1700°C, 1900°C in N, gas, as in
the above-mentioned measuring procedure. The results

are given in Table 1.
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Table 1
Grain | Increment of'oxygen in
growth CH, : CO, solid solution (wt%)
Temp. Mixing ratio : FT-1IR
Sample (°C) (atm) 1500°C 1700°C 1900°C (cm!)
1 1500 0.1 : 0.9 0.06 ~ 0.09  0.12 685
2 1500 0.5 : 0.5 0.04 0.06 = 0.09 692
3 1500 0.0 : 1.0 0.07 0.09 - 0.15 684
4 1600 0.1 : 0.9 0.05 0.05 0.11 689
5 1600 0.2 : 0.8 0.03 0.04 0.09 . 696
6 1600  0.5°: 0.5 0.06 0.07 0.12 701 -
7 1650 0.1 : 0.9 0.04 0.04 0.08 691
8 1650 0.5 : 0.5 0.03 0.03 0.09 705
9 1650 0.0 : 1.0  0.05 0.05 0.09 689
10 1700 0.1 : 0.9 0.02 0.03 0.05 693
11 1700 0.5 :-0.5 0.02 0.03 0.04 701
12 1700 0.9 : 0.1 ~ 0.02 0.02 0.06 705
13 1650 0.05 : 0.95 - 0.05 0.05 0.08 686
14 ° 1650 0.15 : 0.85 0.03 0.03 0.07 691
15 1650 0.25 : 0.75  0.02 0.03 0.06 694
16* 1500 in atmosphere 0.30 0.45 0.55 720
17* 1600 in atmosphere 0.20 - 0.25 0.31 718
18%* 1650 in atmosphere 0.16 0.22 0.32 720
19% 1700 in atmosphere 0.16  0.21 ° 0.28 720

Note: each sample marked with * indicates a comparative
example (the same applies hereinbelow). ..
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As can be seen from the results in Table 1, the
AlN powder having the surface layer of an aluminum
oxynitride at an absorption of 710 to 690 em~1 as
measured by FT-IR is remarkably low in the increment
oﬁ;okygen in solid solution inside the crystal grains
as compared with the AlN powdef having the surface
layer of aluminum oxide in the comparative examples.

To the resultant samples of AlN powder was added
Y,03 powder with 0.5 ym average particle diameter in a
proportion of 1.0% by weight, based on the weight of
AlN, under ultrasonic mixing in water or ethyl alcohol
as the solvent for 3 hours. The oxygen content was
measured of the powder as a whole for each of the AlN
powders before and after the mixing to determine the
increment of oxygen due to mixing. Thereafter, each
of the AlN powders was press-molded and sintered at
1700 to 1900°C in an atmosphere of nitrogen gas.
Measurements were made of the relative density and

- thermal conductivity by laser flashing for each of the

sintered samples. The color tone and color unevenness
were also examined. The results are given in Table 2.
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As can be seen from the results in Table 2, each
of the sintered bodies produced from the AIN powder
having the surface layer of an aluminum oxynitride
according to the present invention exhibits an

'extremely high thermal conductivity and is minimized

in a decrease in thermal coﬁductiv1ty even in the
mixing operation by the use of water as the solvent.
Example 2

To an AlN powder containing 0.9% by weight of
oxygen (dissolution oxygen as solid solution of 0.2%
by weight) and 0.1% by weight of impurities other than
oxygen were added the compounds containing Mg, Ca, Ba,
T4, V, Cr, Co, Ni, Cu, Ga, Ge, Zr, Nb, Mo, Ru, Hf, Ta,
W, Li, B, si, Y, Sc and a -rare earth metal in a
proportion of 0.5% by weight, in terms of oxide, based
on the Weight of the AIN powder and further a
pyrolyzable resin in a proportion of 0.3% in terms of
carbon, based on the weight of the AlIN powder{ and the

- resultant blend was heated at 1400°C in an atmosphere

of nitrogen gas for 1 hour.

The diffusion coefficient of the oxygen atom
which diffuses from the surface layer into the crystal"
grain of AlN powder was determined by the procedure
described above for each of the obtained AlN powders
having an aluminum oxynitride surface layer, for
sample No. 66 on which an aluminum oxynitride surface
layer had been formed by heating in the same manner as
that described above without adding the compound to
the ALN powder and for sample No. 67 comprising the
aforesaid A1N powder as such as a compﬁrative example.
The results are given in Table 3. '

Then, to the resultant samples of AlN powder was
added Y,04 powder with 0.5 um average particle
diameter in a proportion of 1.5% by weight, based on
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the weight of the AIN powder, as the sintering aid
under ﬁltrasonic mixing for 2 hours. The resultant
mixture was molded on a dry press and sintered at
_ 1850°C in nitrogen gas for 3 hours. Measurements were
5 ° mage‘of the relative density and thermal conductivity

for each of the sintered bodieél The results are
given in Table 3. The thickness of the oxynitride
layer was 100 A or smaller for each of the samples
(Sample Nos. 20 - 66). '




As the result

-23-

-of anatysis by ESCA for each. ALN -

REPLACEMENT SHEET

17JUL .1997

(= 5
k12 M.,W 2
A |
NMW _%3 o m.m gsT L°66 (1¥/00169-)d%=201-31" T ausbe Surtdnoo T3 13>
wr. p . = C mvN . mo - - . . . Y
15w mmw M (L¥/00T6L-)dx06-3T" T ors og
458 == WM §2T . 6°66 A.am\ooamh..vnxmmum?ﬂ 0TI 62
U 4 U O — "= .
—~cto Mosal SEZ 9°66 (L4/00118-)dxog-z/ " .
m m K c _an s w . 8 mh. T S3exeoys Edﬂcmpﬂv. 8Z
- 6°66 - -ag- z
cog ZZ2 T . (1¥/00TZL-)dxo6-38° T ®3'UOqIES umTIeq LT
SN =5 S1Z 8°66 (za/ d . .
NW s me s © . d/00TL9~)dx96-36"¢€ @3e380e umTtsoubeuw 97
X 0N — o — +— : * ' )
> : .
0 52 mm M S m .m 5 0tc . . §°66 (L3/00669-)dx96-3T ¥ 33jeuoqIed umrssubew Sz
CXONEDDL Q . . . .
MB_Wn m Www W_m 002 6°66 ?ﬁm\oo.noml )AxS6-3T g S3BI3TU UNTSBUSEW Pz
— 82— . -
m.\/)m m:_.. o mAm osz 6°66 (18/00089-~)dx°0T-30°T . : ®3PUOGIERD;WUNTOTED A
m - m ; M m o5 0¥ | L"66 (L8/000ZL~-)dx®6-3T" 2 ' ®3eTexo Aumrtored ‘z2
T OoONL_-nwOET 0€Z 8°66 - e
MWH - mM .mvm (2¥/00669-)dxo6-aT" T ®31®390® wnToTed T2
S TE < mN 28 SET 6°66 (18/00869-)dx26-3p T 93eIR93sS umyToTed 0z
°es W. $°< .Mb...%\r..nu.uancoo X3 tsuag AUSTOTIZE0S UOTSNFITQ PaQuwo] psppy STdues
- 5 e w Tewxsys SATIRTSY
DS._ o 00>
O~ T D~ n O .
xX —_ © © o )
-0 0O— 0>
™ Wn © m. ©
T _o_3b. O € °1qey
cTAHT @ >0
(@) DL - O Y—
- = O o0gc O
— O ®©Cw —
— — = O -C
o O OCc .- 0O
Qo ‘O35 m — O C .-
O»~C 0 O O
“ 4y @© OO .
pn - O OQOT ®© m (@)
3 © —_ Qo ~
‘o m O._Z20no o
C L X C o >N
~GS-O0IL._a0a



15 AN, for wet mxing in ethyl alcohol and then heated . at
1450[err] C in an atnosphere of nitrogen gas for ‘3 houis to convert
the oxide |ayer on the powder surface into t he surfac 3
al umi num oxyni tr.i de. : ‘As the result of analysis b
AN 20° -~ powder thus obtained, the proportion Al[err]eérr}/
+ "'AIN) in the surfacelayer was 13 to 40 nol % for '
68 to 72. The AIN powders in sanples _zq9- Nos. 73 and 74
subj ected to surface * nodification treatnent by heating-
surface 25 t hereof was conposed of the oxide. Conséequent]y,
above proportion re than 75 nol % -The position of—apsorption i n
FT-1R for each Al Njpoyder is given in Table 4. ° Then, to

t he resul tant sarrpg of AN powder was 30 added, under m xing, Y203 in

a proportion of 1« /oﬁ Y o wwWepdhiy hased op the wai ghf & tihe & Nupowderm_-

err]C for 3%olir s. I\/Easurements wer e made of

as the si nt ai g e"'r eﬁjl tgmtom g u@ vﬁs ﬁeg§ r@l dgd
h
thermal conduct.ivity

and sintered at 1
relative density
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71 0.05 275 99.9 690 72*

0.25, « 135 . 99.9 680 73* 0. 35
110 .. °99.9 681 ° 74* - 0. 25 134

99. 5 720 15 75% ~0.15 146
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and nitrogen gas containing noisture (0.01 Torr) to- - forman al um num

oxynitoride | ayer on the ALN powder. . "The thickness of{gi KE%&ENT%§HE
‘regul.ated by varying . REFLA SHEET
L I7-JUL 1997 : - - 25- the hejptjng tine to bq
- in the range of 5 to 150 ‘A, . wherein the thickness of SF A DiLa98z |
to the- conparative ‘exanple. - - Thereafter, the fesultant AN
- powder was allowed-5 - to stand in the23tnosphere at 50C and 50% hum dity
to measure the increment of oxygen with the result gilMen Ml
FIG 2. " In FIG 2, curves a, ‘b, ¢, d, e and f are

As the result of analysis by ESCA for each AIN
powder, oxygen content in terms of the proportion (3 x
oxygen amount)/(3 x oxygen amount + nitrogen amount)
in the surface layer in samples Nos. 20 to 66 was in
5 the range of 10 to 75 mols. The content in sample No.
67 having an oxide surface Iayei was more than 75
mols.
Example 3
AlN powders having different amounts of oxygen
10 in solid solution inside the crystal grains of AlN as
specified in Table 4 were prepared, incorporated with
calcium carbonate in a proportion of 0.3% by weight,
based on the weight of AlIN, and a phenolic resin in a
_ proportion of 0.6% by weight, based on the weight of
‘15 AlN, for wet mixing in ethyl alcohol and then heated
at 1450°C in an atmosphere of nitrogen gas for 3 hours
to convert the oxide layer on the powder surface into
the surface layér of an aluminum oxynitride.
As the result of analysis by ESCA for each AlN
20 powder thus obtained, the proportion Al,03/(A1;03 +
AIN) in the surface layer was 13 to 40 mol% for
samples Nos. 68 to 72. The AlIN powders in samples
( Nos. 73 and 74 were not subjected to surface
modification treatment by heating and the surface
25 thereof was composed of the oxide. Consequently, the
above proportion was more than 75 mol%. The position
of absorption in FT-IR for each AlN powder is given in
Table 4. :
Then, to the resultant samples of -AlN powder.was
30 added, under mixing, ¥,03 in a proportion of 1.5% by
weight, based on the weight of the AlN powder-as the
sintering aid. The resultant mixture was press-molded
and sintered at 1850°C for 3 hours. Measurements were
made of the relative density and thermal conductivity



. the results for oxynitride surface layers having 5 A 100 A, 10 A 20

e A, 50 A and 150 A in thickness, 10 Tespectively, in whi

=b,.c, d and e are ‘for the present invention and the ACENEN]I‘ SHEET

%thlckness of 150 A) is for the conparative exanpl e. _ the pUTpoSe:

-of -conpafison, the ALN powders having oxi de | ayers 9q"ﬂ?%%
synt hesi zed by reductive 15 nitriding and direct nitri 1g' 7
respectively, were tested to neasu@é—-the increnent o} Oxyger—i-a-the

. sanme manner. The result is given also in FIG 2 in i ch : curvesJ

g and h are the results of the oxide |ayers synt hesi zed by TeduUCt-we—
nitriding and dlreek aach ofi thedkDfter8aPB641¥E] Y. ThdhpPeslilE NEEE Of the

surface | ayer, ider was neasured by a nmethod wherein

sanpl i ng was nadeQ#W8ﬂ1 nngg €off-each powder, 10 particles which

typify the sanpl ed powder were sel ected for each powder, and the

t hi ckness was 25 determ ned by the us§a$¥zifransn153|on el ectron

m croscope. The data were averaged to ad aver age t hi ckness.
Since a correlati Sampde r@xggenzaﬂount Thewwah t he avRelabivéi cRTeER and

the signal Bntensity in solid soln. conductivity density

in powder 9
{(wt%) (W/m+K) (%) (cm™')

68 0.19 150 99.9 . 689

69 0.15 - 195 99.8 687

10 70 0.11 . 249 99.7 684

/ - 2 0.05 275 99.9 690

72% 0.25 135 99.9 680

73% 0.35 110 99.9 681

T4* 0.25 134 99.5 720

15 75% 0.15 146 99.9 718

As can be seen from the above results, when the
surface layer is constituted of the oxynitride and the
_amount of oxygen in solid solution inside the crystal
_ grains of AlN powder is 0.2% by weight or less, a
20 - thermal conductivity of 150 W/m+K or higher can be
easily attained.
; Example 4
‘ ' An AlN powder having an oxygen content of 1.5%
by weight, a specific surface area of 15 m2/g, a
25 metallic impurity level of not more than 0.1% by
weight and an amount of oxygen in solid solution in
the A1IN crystal grains of not more than 0.05% by
weight was heated to 500°C in bhlorine'gas to remove
the oxide layer on the surface of the powder, and
30 incorporated with aluminum chloride gas, ammonia gas
and nitrogen gas containing moisture (0.01 Torxr) to
form an aluminum oxynitride layer on the AlN powder.
The thickness of the layer was regulated by varying
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wherein the thickness of 150 A pertains to the
comparative example.

Thereafter, the resultant AlLN powder was allowed
tq.sﬁand in the atmosphere at 50°C and 50% humidity to
measure the increment of ongeﬁ'with the result given
in FIG. 2. 1In FIG. 2, curves a, b, ¢, 4, e and £ are
the results for oxynitride surface layers having 5 4,
100 &, 10 &, 20 &, 50 & and 150 A, in thickness,
respectively, in which the curves a, b, ¢, d and e are
for the present invention and the curve £ (surface
thickness of 150 A) is for the comparative example.
For the purpose of comparison, the AlN powders having
oxide layers which had been synthesized by reductive
nitriding and direct nitriding respectively, were
tested to measure the increment of oxygen in the same
manner. The result is given also in FIG. 2 in which
curves g and h are the results of the oxide layers
synthesized by reductive nitriding and direct
nitriding, respectively. The thickness of the surface
layer on the powder was measured by a method wherein
sampling was made from 5 sites of each powder, 10
particles which typify the sampled powder were
selected for each powder, and the thickness was
determined by the use of a transmission electron
microscope. The data were averaged to adopt the
average thickness. Since a correlation was recognized
between the average thickness and the signal intensity
by Raman spectroscopy for the_péwder, it is
conceivable that the average thickness determined with
a transmission electron microscope typifies the
thickness of the surface layer on the AlN powder.

The present invention makes it possible to
reduce the amount of oxygen which penetrates from the



difference in thermal expansion coefficient between +he surface
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1. An alumnumnitride powder having a surface

surface layer into the crystal grain of aluminum
nitride powder to form solid solution by forming a
surface layer containing an oxynitride on the surface
of the powder, suppress an increase in oxygen amount

5 by eliminating the occurrence of cracks due to the
difference in thermal expanSioh.coefEicient between
the surface layer and the grain inside and
cohseguently produce an aluminum nitride sintered body
having such features as excellent sinterability'and

10 favorable thermal conductivity.



| ayer containing an oxynitride characterized in that t he surface

| ayer of the alumnumnitride particle contains an al um pum
oxynitfide which has an oxygen 5 content of ‘5 to 75 nol %l
Allerr]gerr]/(Allerr]Jerr] + ‘AlN) . 2. An KE‘MMSHEET
nitridé powder having a surface - R2ayer containing an oxynitride
characterized in that . the surface layer of the al uni nym|ni fir{ dBL 1997
particle contai ns an aIuninunnGk&ﬁMﬁ?ide and at |east lode_other 5
oxynitride selected fromthe grounrﬁnHQIQflnG of OXynlt“des of My,

‘I'n \AI Wl I

Ca, Ba, Ti, V, C, Co, N, Zr =
B, Si, Y, Sc and rare eart h Hm ml,sul'ﬂmﬂ”MUm num oxyn| t ri de and at
| east one other oxynitride having content in the range

of 10 to 75 nol % in terns of (3 x oxygen énnunt)/(B X oxygen anount +

ni trogen anount). i An alum numnitride gomder according to

claim 1 or Wher BPn2iHBigums BiEride cPOoVdeT JNAYHRG 4 Surface

oxyni tride has alaharkaenSaﬂﬁiﬁQ &ﬁ dRkPniEride characﬂerfgbaﬂiﬂngﬁwgnitride
coefficient

B (enterriroy | th8 §uPde tover' Gn End pPinbnen abhr fde PathIGRS | ayer
contains an aluminum oxynitride which has an oxygen
S  content of 5 to 75 mol% in terms of Al;03/(a1,03 +
AlN).
2. An aluminum nitride powder having a surface
layer coptaining an oxynitride characterized in that
the surface layer of the aluminum nitride particle
contains an aluminum oxynitride and at least one other
5 oxynitride selected from the group consisting of
oxynitrides of Mg, Ca, Ba, Ti, V, Cr, Co, Ni, Cu, Ga,
Ge, Zr, Nb, Mo, Ru, Hf, Ta, W, Li, B:, Si, Y, Sc and
rare earth elements, said aluminum oxynitride and at
least one other oxynitride having a total oxygen
10 _content in the range of 10 to 75 mol$ in terms of (3 x
-oxygen amount)/(3 x oxygen amount + nitrogen amount).
3. An aluminum nitride powder according toclaim
lor2 , wherein the surface layer containing an
oxynitride has a thickness of 10 to 100 A.
4. Aan aluminum nitride powder according toclaim
1,2 or 3, wherein the diffusion coefficient D (cm2/s)
of the oxygen which diffuses from said surface layer
. into the crystal grain of the aluminum nltrlde powder
5 is 8.0 x 1072 x exp(-69100/R*T) or lower.
S. An aluminum nitride powder according to claim
1,2,3 or 4, wherein the amount of the oxygen in the solid'
solution inside the crystal grains of the aluminum -
nitride powder is 0.2% by weight or less.



into the crystal grain of the alum numnitride powder 5 is 8.0 x 1ﬂfnrr.

X exp(-69100/R T) or lower. 5. An al uni num ni t r iligep aqie
according to claim 1,2,3 or 4, wherein the anmount of tihg—exges:
solid ‘sol uti on 'i nsi de the crystal grains of the al um rurp nitri
powder- i s 0.2% by wei ght or |ess. A7 JUL?
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ALUMINUM NITRIDE POWDER HAVING SURFACE LAYER
' CONTAINING OXYNITRIDE

ABSTRACT OF THE DISCLOSURE

An aluminum nitride powder having a surface
layer containing an oxynitride characterized in that

" the surface layer of the aluminum nitride particle

contains an aluminum oxynitride which has an oxygen
-content of 5 to 75 mol% in terms of Al;03/(Al;03 +
AlN). The surface layer of the aluminum nitride
powder may contain, besides the aluminum oxynitride,
at least one other oxynitride selected from among
oxynitrides of Mg, Ca, Ba, Ti, V, Cr, Co, Ni, Cu, Ga,
Ge, 2r, Nb, Mo, Ru, Hf, Ta, W, Li, B, Si, Y, Sc and
rare metal elements and the aluminum oxynitride and_ at

least one other oxynitride have a total oxygen content

;n the range of 10 to 75 mol% in terms of (3 x oxygen
amount)/(3 x oxygen amount + nitrogen amount). The
aluminumnitride powder can easily be converted into a
sintered body having excellent sinterability and
favorable characteristics, since the above surface
layer reduces the penetration of oxygen from the

" surface layer into the crystal grains and prevents the

formation of microcracks layer.

Fig. 1




INTENSITY

OXYGEN SIGNAL

V72

FIG. |

@PLACEMM SHEET
| !— 17 JUL 1997

o

1

1

CONVENTIONAL EXAMPLE
SURFACE LAYER : OXIDE

EXAMPLE OF THE INVENTIOI\&
SURFACE LAYER : OXYNITRIDE

o S

10

15

20

25 30

ARGON ION SPUTTERING TIME (min)



l\}

INCREMENT OF OXYGEN (wt %)

2/2 | {REPLACEMENT SHEET

17 JUL 1997
FIG. 2
25 -
h'\///’°
3~/ .~
7/ ’ 3
20" / //
e we
/// /lv
1.5 | // 7
// /
7, 7
// J a
1.0 /," / D
/ ~c
//‘/ +~d
Ve re
ost 77
iIN THE ATMOSPHERE AT
50°C AND 50% HUMIBITY

| I I
0 1 2 3 4 S

TIME OF STANDING (hr)



