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ABSTRACT Gravimeter, pycnometer, SEM, XRD, carbon analyzer, XFS and oxygen–nitrogen
analyzer were utilized to study the production of magnesium aluminium oxynitride (MgAlON) by car-
bothermal reduction and nitridation (CRN) under different temperatures and its formation mechanism
was also discussed in the present paper. The results show that all of the raw MgO are completely con-
sumed to form MgAl2O4ss at 1100 . At sintered temperatures higher than 1300 , the CRN reaction
is taken place, and MgAlON is formed by solid solving N into MgAl2O4ss. The consumption of Al2O3

during CRN reaction causes the particle size of Al2O3 in the sample heated at 1600  to be smaller
than that heated at 1500  . Finally, the monophase MgAlON is obtained at 1650  when all the
graphite and Al2O3 have been consumed. Moreover, because of the solid solution of N into MgAl2O4ss,
the amount of defects in the lattice of MgAlON is raised leading to the solubility of Al in MgAlON
being higher than that in MgAl2O4ss. Lots of closed pores are remained in grains even if the heating
temperature has been raised to 1800  due to higher volatile Mg partial pressure and the gas phase
product of CRN reaction at high temperature.
KEY WORDS MgAlON, carbothermal reduction and nitridation (CRN), microstructure

�!� (MgAlON) �����" ��!"#� 

* �#� $!��%+!�"$ ,-!! 20090042120009

"&'%#" : 2011–05–09, "&#&%#" : 2011–06–17

.$'( : ($), #, 1979 $�, )%, $!

DOI: 10.3724/SP.J.1037.2011.00296

%**&, '%&+(+)&'(,)-," N -*+
.*/)&"'., 0,-(/.//0)&"0�1
'(, )01*+2"3&'(,+ [1]. -+ [2] %

Al2O3–SiC–C .,120&/0-4" MgAlON 2.
33 SiC, /415"0.675%28.5338.4
43&,+6*/51. 9567 [3] % MgAlON /2



� 11 � 839: : 4567;789< MgAlON 1441=

:64 β–SiAlON 1>";<*&1*=>"3+7'

(+:. ?@?7 [4] 0 MgAlON 2.;8@;�8%
*15/33 C, -9%*15"8<.:;, %28.
*/, 39A,+:*/51; <= MgAlON ":>9
3&,+=*BA, B?CDC>7>. +,E5;<A
8+5FA8+D<E=, F?(+GG/%**&@8
A�A31>"@B, HA= MgAlON </"?Æ1*
1>"@A.

IBB&C6@C!DJ"-D, MgAlON "</
DJ*#CC!J5;ÆKDC!J@8ÆLBHAJ 3
�. #CC!J4 AlN, MgO @ Al2O3 EB&, C!K
DFEMgO+Al2O3+AlN→MgAlON,-%�IGMH
J0@2C!, Æ2C!44-K7D2C! (SPS)7D
J0EC!. N9% 1850 L"/IGMHCI 11 h,
J0@2C!:-+1/JK8<" MgAlON C!

 [5]. EO�MLEF0Æ2C!+.</JK8<"
MgAlON C! , B�G*MF!PGHNIO [6]. F
0 SPS "DF% 1600 LGMHCI 5 min +.<

/8<" MgAlON C! , PPBAJ MgAlON "
C!I., B�QDJQ%K4PRLNE"OO [7,8].
;ÆKDC!J4 Al, MgO @ Al2O3 EB&, % N2

/RHKDF MgO+Al2O3+Al+N2→MgAlON C!

S4 MgAlON[9]. BIJ Al =KJKHA, ;ÆK
DC!J</" MgAlON S.-MK. 8ÆLBHA
J4 C, MgO @ Al2O3 EB&, % N2 /RKDF

MgO+Al2O3+C+N2→MgAlON+CO 4+ MgAlON,
NDJCTJ;ÆKDC!J</" MgAlON S.C
/. TT4 AlN EB&"#CC!J@4 Al EB&
";ÆKDC!J, 4 C EB&"8ÆLBHAJ</
MgAlON -03BANE/U. NO?Æ [10] TB*

&5:ÆI.44CIPU7)QT</ MgAlON "L
M0EJ?Æ, ERIJ�P@SV"W,Q%VN, <
/ MgAlON P"O1,GM-CD. BG*T8ÆLB
HAJ</ MgAlON PTX!""PA0EUI.

UV?Æ:ÆI.TWQ"W C 45C4/4TX
!""LM, XT8ÆLBHAJ</ MgAlON "YM
0EUI.
1 56789:;
J0S./J 99.9%, QRRJ 10 μm " MgO; S

./J 99.9%,QRRJ 75 μm " Al2O3; 44S./J
99.4%, QRRJ 45 μm �PSQEB&. RHTZTE
MgO Y Al2O3 Y C=8 Y 29 Y 9 "TUZ4B&. F
0VW<E3X[, \B&0 Al2O3 Y%Z&X/YY]

S, =,F0TZ^=>U\YY,"_&TZ`V. J
0[?:2"DF\`V,"B&a[% 150 MPa "2
:H/�, @,\Q\UJ�PK/)]%-DI.H:
Æ 6 h, )]J0S./J 99.999%, 1 L/min " N2 ^

CD)]".2E 0.1 MPa. J0 EMIA810 8Q3[
Wb\W C 4; F0 Simultix12X \XYcc_W (X–
ray fluorescence spectroscope, XFS) 3[ Mg @ Al d
4; 0 EMGA650 9H3[W\I O @ N d4. F0
`>]^]X3[W (WDS) " JSM6340F _E\^a
Kb (SEM) 3[WQ"TX4Z!". F0 SGM–6 A
`T1W\IWQ e<. dap, J0 IONICS T1f
\IT<. dtr, CT<. dre = dtr/dap×100%. D0
RINT2200 � X \X[\W (XRD) \IWQ"_C4
/. �; �� (MgAl2O4ss) @ MgAlON 6`J ��
!""cD�a, XRD _ÆaCb, -+0 XRD 0Ec

3. IJ MgAlON -LE� MgAl2O4ss /#� N S4,
/4-IBWQ/�gQ% N db ��!""E_E

MgAl2O4ss L� MgAlON.

2 56BCDEF
d 1 e,J:ÆI.E 1100, 1350 @ 1650 LP

WQ" XRD d_. -h, :ÆI.E 1100 LP, WQ
/b\-+ MgO C, \+.b\+ Al2O35�P@ 

��!"C (/33[!PcH, I.AJ 1300 LPW
Q/-d N, HAJ 1300 LPWQ/" ��!"CE
MgAl2O4ss); :ÆI.E 1350 LP, WQ/ N d4 (T
Z3f,HD)E 0.14%,H-4dbWQ/N/JMgAl-
ON, C d4E 5.05%, AJB&`T/" 9.64%, g
H�Pd]8ÆHALBKD0e^i; f:ÆI.E
1650 LP, XRD !P0eWQ/-_Q% Al2O3, S4
J[CMgAlON,'A`/3E: Mg 4.68%, Al 36.99%,
O 54.68%, N 3.65%. :ÆI."0�1*/, XRD!P
cHWQ?=E[C MgAlON, /33[!PcH, Mg
d4hI.;/i*BA.

IB XRD _jC@8[\k"e38. Ii(i=1,
2· · ·n, n EWQ/b,C"Gf), g i C[\kCT8

. Ri = Ii/
n∑

i=1

Ii×100% jIg i C"CTd4. d 2

H 1 ���
� 1100, 1350 � 1650 �
��� XRD e

Fig.1 XRD patterns of samples heated at 1100, 1350 and

1650 h



=1442 f=k=a=Æ � 47 �

e,JWQ"W C 4@jC"[\kCT8.h:ÆI

."iA. -h, :ÆI.% 1300 L4HP, WQ/"W
C 4]BlWQ/" C d4Cg; :ÆI.PJ 1300 L
P, W C 4hI:ÆI.";/H0BA, NIJENJ
8ÆLBHAKD, WQ/"�PeKD^i; f:ÆI
.E 1600LP, WQ/"W C4lg 0,�PmnJKd
]JKD. hC!I.";/,  ��!"" MgAl2O4ss

@ MgAlON "[\kCT8.Job8, KD_ Al2O3

@�P"[\kCT8.JopA. c>mjd,"�,
%:ÆI.E 1300—1400 LeUP, �P"[\kCT
8.*/;/, 0I8Q3[W4+"W C 4ni*B

A, f�IJ Al2O3 d]KDN/ MgAl2O4ss k8'[

\kCT8.*/BA, l094�P"[\kCT8.
*/:;.

d 3 e,JWQ"CT<.hC!I."iA. -
h, f:ÆI.AJ 1450 LP, WQ"<.G*H0"
iA, hI:ÆI."0�1;/, WQ"<.H0b:;
f:ÆI.E 1700 LP, WQ"CT<.m+ 91%; B
N9% 1800 LHC!, WQCT<.:*E 93.28%, g
HfI./J 1700 L,, ?g*/C!I.T*/WQ

H 2 ����n C ��q�Khhor�oh
�p��

���

Fig.2 Content of residual carbon and the relative diffrac-

tion peak intensities of different phases in sample

change with sintering temperature

H 3 ����o�
�p��
���
Fig.3 Relative density of sample changes with sintering

temperature

"8<.<0-qH0.
d 4 e,JQ\@i-DI.C!"WQjbk"

SEM i. -h, iGYY]S,, MgO @�PSQpq
6RJ 1 μm, %Q\/, rlst%pqCP" Al2O3

SQLs (d 4a); :ÆI.AJ 1400 LP, WQ/"S
QPR@3r]Q\Cb, gHG*ENH0"C!KD
(d 4b @ c); % 1600 LHC!, <=WQ(m?EPS
Q Al2O3 LsstRSQa[, B]CAI.C!WQ
0ETC-4ER, PSQ Al2O3 "pq*/pR (d
4d); hIC!I.0�1*/, WQ"8<.H0*/,
B:ÆI.E 1700 LPWQ"�s@�Q/Q%Ct.
6 (d 4e); \:ÆI.*/j 1800 L, WQ"8<.0
�1;/, B?=Q%Ct"<s.6 (d 4f).

3 EFMN
I MgO–Al2O3 Cd

[11] -k, hI.;/, Al2O3

% MgAl2O4ss /#�4b:. )N, I.l 1100 L;
/+ 1300 L, /4<=�Pd4 (W C 4) G*H0
iA, B'[\kCT8.ni**/. f:ÆI.l

1300 L*/+ 1400 LP, IJEN8ÆLBHAKD,
N/ MgAlON, IJnNG* Al2O3 % MgAlON /

#�4hI.iA"Cd, UVdo MgO–Al2O3 Cd,
MgAl2O4ss /"33 O B2e N B2u2N/ MgAl-
ON PEN�uvi [12], 94 Al2O3 % MgAlON /

"#�4PJ'% MgAl2O4ss /#�4, )0% 1300—
1400 LU, <=�P"d4i*BA, BIJ Al2O3 "

#�4;/, /4WQ/�P"[\kCT8.?=;
/. hI:ÆI."0�1*/, <= Al2O3 % MgAl-
ON /"#�4b:, B�Pd]KD0elv^i, �
P"[\kCT8.:BA, fI.E 1650L, S4[C
MgAlON, NP, Al ] Mg "B23fTgbE 7.90, 0
% MgO–Al2O3 Cd/, QI.H Al ] Mg "B23
T*E 4.78, fGHJIJ O B2e N B2u20E
N�uvi, Al2O3 B2% MgAlON "#�4/J'%
MgAl2O4ss /#�4"f�wI.

I4:MF!P@3[-k, fI.E 1100 LP,
WQ/K3 MgO ]33 Al2O3 KDN/ MgAl2O4ss

(MgO+Al2O3→MgAl2O4ss); f:ÆI./J 1300 L
P, AlEN8ÆLBHAKD, N B2.2 MgAl2O4ss

/" O B2N/J MgAlON(MgAl2O4ss+C+Al2O3+
N2→MgAlON+CO); IJWQ/" Al2O3 %KD/e

^i, % 1600 LP, WQ/ Al2O3 SQpqiR (d
4d), 0NP�PmnJKKD, IJ Al2O3 -+JK#

�, WQ/tJ MgAlON(I) x, Q%64 Al2O3; hI
.0�1;/j 1650 LP, Al2O3 JK#�, N/[C
MgAlON(II)(MgAlON(I) + Al2O3 → MgAlON(II),
(MgAlON(I) @ MgAlON(II) "cj%Jrl/ Al2O3

"#�4Q%�IVN).



� 11 � 839: : 4567;789< MgAlON 1443=

H 4 �p�q	��
p���r�s� SEM m

Fig.4 SEM images of fracture surfaces of green compact sample (a) and samples sintered at 1100 h (b),

1400 h (c), 1600 h (d) 1700 h (e) and 1800 h (f)

f:ÆI.AJ 1400 LP, MgAl2O4ss @ MgAl-
ON 6-+*nu8<A [8,13], HWQ%AIwvG*
H0"C!. 8ÆLBHAKD`J.#KD, %KDG
G/*. EN, EJS48<"C! , wo*n"\
. t,, B�hI:ÆI."*/, 8ÆLBHAKD
"v.:u, EN". 4:b:. IJ;/I.+.0
3"*/�sp`v., x0WQ"C!, B�q. -
-yvu4.6(FeCw%�Q/. xx, IJ/IH
Mg ry2C/ [10], s%WQ/+.(/.6. UMFG
MH, .6=KyGzXt,, HN9\:ÆI.;/j
1800 LP, �Q"]3?=Q%tt<s.6. o{+�
Q]3"<s.6+.*nu*/*&"3Æu,+ [14] ,
HJ08ÆLBHAJ</" MgAlON <Ev(GG/

"%**&�1*ex@A.

4 BN
f:ÆI.E 1100 LP, B&//*" MgO KD

N/ MgAl2O4ss. :ÆI.PJ 1300 LP, EN8Æ
LBHAKD%WQ/N/ MgAlON. =0IJN/"
MgAl2O4ss @ MgAlON C!,+CV, f:ÆI.AJ
1400 LPWQ"SQ3r4PR]Q\ÆaCb. hI
:ÆI."0�1*/, IJ8ÆLBHAKD-b^i
Al2O3, :ÆI.E 1600 LPWQ/" Al2O3 SQpq

RJ:ÆI.E 1500 L:Æ"WQ. f:ÆI.;/j
1650 LPS4[C MgAlON. =0, IJ8ÆLBHA
KDEN. 4 MgAlON /IH Mg ry32C/, N
9:Æ*/j 1800 L, WQ/?=Q%P4<s.6.



=1444 f=k=a=Æ � 47 �

OP$%
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