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Abstract: Silicon nitride ceramics was prepared by super-high pressure using the γ-Si3N4 powders

synthesized by the shock-wave technique as raw materials and with Y2O3-Al2O3-La2O3 mixtures as

additives at 5.7GPa from 1370K to 1670K. The stability, relative density, mechanical properties and

microstructure of the compacts synthesized at different temperatures were investigated. The results

show that γ-Si3N4 is completely transformed to β-Si3N4 at temperature from 1420K to 1670K, and

partly transformed to β-Si3N4 at 1370K. Micro-analysis indicates that the typical microstructure of

sintered Si3N4 is mainly composed of β-Si3N4 rod crystals with disordered orientation and uniform

microstructures. The relative density and Vickers hardness in the as-sintered (5.7GPa, 1370K) samples

are 98.83% and 21.09GPa, respectively.
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E2
12 q�Mo � [5] ><8�+3j� γ-Si3N4 ~<
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�{~1C{<U 6∼7mg. 2003 2���#~ Yunoshev[9] lTE"3�u*�E}~U�3xln 21GPa k 1270K ~A)upOZ�<�{~ γ-Si3N4 5=��Zx 50GPa k 2400K ~A)u� γ-Si3N4 ~({Æ/A�o
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U�3"-pO�.x1C�E}"tn
35∼60GPa �℄�n 1800∼4500K, xbA))R-
α-Si3N4 ~5A({ÆZj 80%, �"U�3"-
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 γ-Si3N4, Y2O3(O�X�{���J), Al2O3(O�{���J) k La2O3(>;�X�5{���JE) 5=�I�
 Y2O3 �
Al2O3 k La2O3 U3j_�:Uq5&��γ-Si3N4ÆU�3pO�F:_x~A_5)
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H 1 T�2oN�9^w4<} XRD HF
Fig. 1 XRD patterns of shock-wave synthesized and

purified materials

(a) Starting material; (b) Shock-recovered sample; (c) Pu-

rified material from the shocked sample
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q5"tU 5.7GPa,℄�U 1370∼1670K,�℄�"�#n 15min, +℄Æ"�#n 10min, T:� Bi � Ti � Ba x�
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6B{℄��A℄uGNK~g	>�"t����`℄�W�`KÆ!℄�hD ±5◦C. I�.3*
GI%I 2. q5�1FD�J.9Xx��IyQ5Q��3O����S��>�B�3B 1 �"*.t
Table 1 Raw materials for the experiment

Raw material Particle size/µm Density/g·cm−3 Purity/%

γ-Si3N4 0.8651 4.01 99.0

Al2O3 28.341 4.0 99.0

La2O3 3.101 6.51 99.0

Y2O3 3.768 5.01 99.0

H 2 �,2)�FH
Fig. 2 Diagrammatic of assembly drawing

H 3 )!8Ww}p4�0
Fig. 3 Photograph of polished sample
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I 6 U 5.7GPa � 1 370K A)uq5=~
XRD IG�q5=�`n 4% ~ γ-Si3N4 �Y$}� β-Si3N4 (&�"&x 5.7GPa ~"tA)u�
1370K ~℄��F1�_ γ-Si3N4 �&({~�7℄�A)
q5=� γ-Si3N4 ~g{�+M� [14]U


ϕ1 =
1

1 + (R1/R2) · (I2/I1)
(1)I�
 ϕ1 UY(&~ γ-Si3N4 =Æ3�� R1k R2 3-U γ-Si3N4 k β-Si3N4 �O*uB"~k�p���k R1/R2 �%VU_ γ-Si3N4 k β-

Si3N4 5=x�E XRD A)u{w~N�U 100%~*u6�~"�� I1 k I2 3-�O γ-Si3N4 k
β-Si3N4 ~*u6�N�
�3j*&
�..�� Sekine � [1] � Jiang� [2] � γ-Si3N4 7a��~fB�B
� γ-Si3N4`a��~j��+
�Zx Ar Kx�[K��w 1670K, γ-Si3N4 SZ�Sa��xHA~℄�Æx��$}�&{w β-Si3N4, γ-Si3N4 �&U β-

Si3N4 ~�&`>U (−29.2±3.5)kJ/mol. <�.B�~ γ-Si3N4 `a�℄�e Sekine � Jiang �j��+℄�7E�ÆW_"tA)7E/�
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Fig. 4 XRD pattern of mixed starting materials
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H 5 p4�0} XRD HF
Fig. 5 XRD patterns of sintered samples

H 6 p4�0} XRD HF
Fig. 6 XRD patterns of sintered samples

H 7 p40B�_��} SEM �?
Fig. 7 SEM photographs of the fractured surface for different sintered samples

(a) 5.7GPa, 1370K; (b) 5.7GPa, 1470K; (c) 5.7GPa, 1520K; (d) 5.7GPa, 1670K
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Table 2 Relative density and Vickers handness of the sintered samples

Sintering condition Property
Sample

Pressure/GPa Temperature/K Relative density/% HV/GPa

1# 5.7 1370 98.83 21.09

2# 5.7 1420 98.77 20.53

3# 5.7 1470 98.89 20.76

4# 5.7 520 98.91 20.94

5# 5.7 1570 98.96 21.01

6# 5.7 1620 99.02 21.08

7# 5.7 1670 99.06 21.15E�} β-Si3N4 Ap|HFHk�d �o3/A�H!,| β-Si3N4 Apq	Rr�vG 7(a) ��V^ γ-Si3N4 |fz�r��B�^��
BH!,| β-Si3N4 Apgv�
3.3 ${L�SwQ+r��z( 2 EX}Do3/A|�����V�Q��d( 2 YBTX�v 5.7GPa, 1420∼1670K|?'s�o3;|����
V�Q�,.o3[�|~? ~?�3�68n6`;�F[r��.
����;�M
!|�OTn��OX.? (�) ����|o3�/C�OX.? (�)|V�Q��v 1670K |?'s�4?|����iV�Q�Y1+iv 99.06% i 21.15GPa. v
5.7GPa, 1370K |?'s�����
V�Q��X, 1420∼1 670K[�?'|Y
 $y�����iV�Q�1+S 98.83% i 21.09GPa, !$;o3;�fXrz| γ-Si3N4 .��;�+�o3;|��
V�Q�!;�| α-Si3N4 � β-Si3N46`|?�!$? o3pyZ6`�A|*%
;�|o3*%�!�.Rzv.?r��.|pyZ6`/A�
4 ju

1. γ-Si3N4 v 5.7GPa, 1420∼1670K � Y2O3-

Al2O3-La2O3 ;n8o3#�|?'sS5_
�� γ-Si3N4 LX'yS β-Si3N4, 1370K |?'s�m 96% | γ-Si3N4 "z}� β-Si3N4 |�$�($v 5.7GPa| r?'s� 1370K |[�0?^ γ-Si3N4 |�$�6[���
2. 3n XRD � SEM 1iYBzX�o3bP�� γ-Si3N4 �v�$S β-Si3N4, o3#�vo

3bP�
�$e β-Si3N4 ( | SiO2 'NzM�f�|Z(#9��f[v���Z(#9�z'$M}/u��vo3;A6��o3;��X Si3N4 A��
3. v 5.7GPa, 1370K |?'s�o3/A|����
V�Q�1+S 98.83% i 21.09GPa.DoÆ�
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