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:-�-Ya�9*V�:�9p$�S� Cr2AlC �^6V�s(SoO�Q�>��y}FVYp�{�X�s(�O(v�n*io*W Al RQ�! 20at% �}�W{aV9 Cr2AlC, \�3Q{ Cr7C3V� Al RQJR 20at% �}�9 Cr2AlC hV�y}{C�p� Al RQ{4e�M�� Al RQ 10at% /
1400◦C 9p 1h y}{w>���02&�YyszQ*+9 3.5GPa, 375MPa Y 278GPa. / 75∼269K >�/��}�{�pg>�4��Se��T�0��~�e��Wf�uS}�{9le��� � ~�Cr2AlC; 9pÆ�^Æ�e�Æ9pC(��
�TQ174 +.x$��A

Fabrication and Properties of Cr2AlC Ceramics
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Abstract: Cr2AlC ceramics were prepared by hot-pressing using Cr, Al and graphite powders as starting

materials. The effects of composition and sintering temperature on the phase assembly and bulk density

of the samples were studied. The results indicated that the phase assembly of the samples consisted of

Cr2AlC, as a major crystalline phase, together with very small amount of Cr7C3 for the composition with

less than 20at% excessive Al content, whereas it became a single Cr2AlC phase in the sample for the

composition with more than 20at% excess Al. The bulk density of the samples decreased with the increase

in excess Al in the composition. The hardness, flexural strength and Young’s modulus of the sample hot-

pressed at 1400◦C for 1h for the composition Cr:Al:C=2:1.1:1 at room-temperature were 3.5GPa, 375MPa

and 278GPa respectively. The electrical conductivity decreased linearly with the increase in temperature

from 75K to 269K, which hinted that the electrical behavior of Cr2AlC likes that of metal. Its thermal

properties were also determined.
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Barsoum [p�v Ti3SiC2 [P|℄f 7K$ [2],� Ti3SiC2 |f	g}NIKYU�YO4+�v`GGxq26)| [5]. Ti3SiC2 |u*SS�mTP�T�\Wd[G�"�7^8X�"|-i+℄|t�
�" M2AX d[G��7�v�F_ZK��kF"�n|u*5W��U�=4�K'|u*
��|�vb�sX0 Ti2AlC �Nb2AlC v!C=�|T�%)FN [6,7]. "�G���AQ�vT;�)|
�� M2AlC(M=Ti �Cr �V �
Nb Z Ta) |�q{RZzt{R Ij|
|u* [8,9]. �P)x� Cr2AlC 0�EZ`%WX��s6|�q{R��){RZzt{R��|MYOf" Ti3SiC2 |M�t>;:�Zd[GX
Cr–Al � Cr–C K�6
	�F���x Cr2AlC ?	q�Z%0��|^8X
:a��?t67T��Z^8X —Cr2AlC |T�vf	%t|V3u*

2 #7+X:;. (200 �� 99.95%, NUM�zzs-),d. (100∼200��99.95%,NUM�zzs-)Z�. (3200��99%, NU��dnH). +j.X�< Cr:Al:C=2:(1.0∼1.6):1 |�!M℄�-�+%:�U,| 24h. .X^1`qTP��0 Ar �a#(N� 20MPa qM�0 850∼1450◦C ?�!6��:q 1h T�~�
~�|�qq�;���?�
�vX�| XRD ,�6�~�|WpP
Cr2AlC W|$�=�q#S.}vX XRD ?�|�x;� Guinier-

Hägg Wp|<W�.
�r8iKd| CuKα1 /X (λ=1.5405981Å), -� Si :�&�K� LS-18 _TfIu� (D�[C) vW�|ShK'yvX�.- $�=�|%q?�
#SD�XI

u	' (JSM-6700F, <�) HAz~)t|P4am
K�q℄� (AKASHI) ?�8X|;t��
;�F�13� (Instron-1195,<�) ?�~�|91'�
�. ASTM &e (O �_|zt{R��){RZ/�!|E�r�kU?z%�), ��013{kNE�|BE�h?�T~�|zt{R��){Rv/�!
� 4 �B�?R~�0 77∼270K ?�0�X|	mhZ?�|FK
K�:�9� (NETZSCH

DIL 402C,wM) ?�T~�|:�9K��?�!6: 303∼1473K, ℄?�h 5K/min. 8X|:?�BmIuR:| (DSC-2C) ?��K�rJkU�?�8X|q?K��#S:qh%q��:?Zq?K�|FK�|
X8X|:qh

3 �	�'�
3.1 D|�"�)��9��,/����<0;AT2& AlSRZR�?��~�|WpPZq�|�Y
, 1(a) :0 1350◦C :q 1h |~�Æ"j+XX Al SR|5�!WVRZq�|%d�, 1(b) : Al SR 20at% d�2&R�?�N�~�q�|�Y
, 1(a) |�P?�8X��< Cr2AlC |dn|R!& 1350◦C :qR�T�|~�XV�
Cr2AlC Z Cr7C3 OW�℄R!: 90:10. �x�<dn|R�X� Al |VR2i
�a�0�?tX�"j+X| Al  TSR[I
Æg Al |SR 05�s 20 at%, ~�X Cr2AlC W|R_�5� �P:7�|W�� Cr7C3 W|R_� 10

wt% �Us 0. ℄�%t�~�|q�0 Al |��R5�|SSXTiN���?	Z Al ^^vi�2P|#A�F

+ 1 (a) Al RQ1%Q{}�{VoOup�� (b) Al RQ 20at% }�/1%Q�>�M{p�

Fig. 1 (a) Phase assembly and density of samples against the different content of excessive Al, (b) Bulk density of the

samples with excessive Al of 20at% sintered at different temperatures
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1 � �C"�}� Cr2AlC �^{S�ue� 191b* 1(b) =	7W�U$n)|�zoÆ�P�=Æz�5�3d�m8o=Æ5 1250◦Cb�oÆz3d-g�P�=Æ 1350◦C b�oÆ8rdL�. 1450◦C b|�oÆzO�LÆ=�p#LzQ)Gd�P�
3.2 8��y�:erQ�z Al QP1N|�oÆzLÆ (	* 1(a)). j�)hn)8 Cr:Al:C=2:1.1:1 zof��b|�R��P�!�8 1400◦C8o�= 1h.|�VUnN8 Cr2AlC X Cr7C3, �=z[P 

+ 2 }�(s{�HW SEM ;�
Fig. 2 SEM micrograph with BSE mode on sur-

face of the sample

The grey and the white color are corresponding to

Cr2AlC and Cr7C3 phase respectively8 95:5. Cr2AlC U#�<�z>
�N8�
a=2.863(4)Å, c=12.814(3)Å, ?X JCPDS 5� (29-

0017) �tz�N a=2.86Å, c=12.82Å&EU!�f>z|�oÆ8 5.21g/cm3, ,8HioÆz 98%,HioÆp. Cr2AlC (5.229g/cm3, JCPDS 29-0017)X Cr7C3 (6.877, JCPDS 36-1482)oÆzlYL{	

xrz�* 2 8|�ÆI0e_'rz�GV SEM :�� Vz#LQ_#`l�"Q EDS)HxH�hJX�J#L��z)*p Cr2AlC X Cr7C3 U�?��N# XRD z)H�N�P�
3.3 z��3�|�z�Æd,8 3.5GPa, ?<LX Ti3SiC

[2]
2t � M2AX 5U [6,7] z�ÆL&EU!�̀ /�

Cr2AlC o\^5z�e.&# Ti3SiC2 zo\`lU���	G�rZBF6�wo\0pKB'r��p"Qo\^5#Lz�W�)Zj�1�P�|��'�z�|&E>�~>���"5�>/4q(=	.|�Lq��0g�Eby�?Y=~>d�X Ti3SiC2 U��|�b 30∼1200◦C z�38�8I�8 1.33×

10−5 (K−1), ?<LOd Ti3Al1.1C1.8 (9.0×10−6

(K−1)) . 25∼ 1200◦C J�zL [10]. |�z8o. 200∼400◦C J��f=Æ3~�O�Æ���* 3(a) �l�|�. 200◦Cz8op 17.5W/(m·K),?<L�. M2AlC(M=Nb � (Ti � Nb) X Ti) zv=8o 5J���*�8o�=Æz$-oX Ti3SiC2 t Ti2AlC[7] &EU��
Cr2AlC |�z�k#=ÆzDI�* 3(b) �l�=	7r�|�b 75∼269Kz�k (ρ)�f=Æ\5�Rd3~��kz=ÆI�8 0.0028K−1, ?<L&E�! Ti3Al1.1C1.8(0.0031K−1) zL�"Q/.�kL�=	xr|�zv=�of8 ∼1.4×

106S·m−1, ? Ti3Al1.1C1.8 (2.9×106S·m−1) zL�� [10].

Cr2AlC zxryPX�(yP)*p 278GPaX 116GPa, ?X Ti3Al1.1C1.8 zL&EU!�
+ 3 1400◦C 9p 1h }�{ (a) >�$9pEJY (b) >�$�lEJ

Fig. 3 Temperature dependence of (a) thermal conductivity and (b) resistivity of Cr2AlC sample hot-pressed

at 1400◦C for 1h
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4 ��	9,�b,X`~8)U�9�8o#�R�
Cr2AlC �℄5U�m)hn)V Al QP� 
20at% b�|�Vz`U8 Cr2AlC, [�2Pz
Cr7C3 U� Al QPIQ 20at%b�|�8 Cr2AlCgU�x|zB�oÆ� Al QPz3~�LÆ�|�zd�X Ti3Al1.1C1.8 z&EU��5UU��C (�Æ 3.5GPa),��
zld3Æ (xryP
278GPa, �(yP 116GPa). . 200∼400◦C J��8o�f=Æ\5�O�Æ��b 75∼269Kz�of�f=Æ\5�Rd�S�/��}�d�/.�of8 ∼1.4×106S·m−1. |�. 30∼1200◦C =Æ.�z�38�8I�� 200◦C z8oX 25◦CzA 8)*8 1.41×10−5K−1, 17.5W/(m·K) X
590J/(kg·K).A2 2\ Jbaudk��5U>RI Jef

Vleugels X Omer Van der Biest �{�AzxryP>x�
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