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�©&?
 α-Al2O3:C ¬�®N�ËìJþ�A, ¦^ RisøTL/OSL-DA-15 .9º1Ú1º1¤ïÄÙ9º
1Ú1º1A5, (Juy, �Óâ»� α-Al2O3:C ¬�®Näkü�9º1¸, ��XËìJþ�O\9º1r
ÝØäO\, �9º1¸ ��±ØC, ÎÜ�?ÄåÆ�.; 3�Ó�ËìJþÚÿÁ^�e, �X α-Al2O3:C

¬�®Nâ»�~�, Ù9º1rÝkOr�~f, 9º1¸%ÅìO\�ªu½, L²âÝ� 40—60 µm

� α-Al2O3:C ¬�®Näk�Z�9º1�A. Ó� α-Al2O3:C ¬�®N�1º1A5�ïÄuy, Ù1º1�
äk;.��êP~A�, â»éÙ1º1rÝÚP~�Ç�K�ÎÜf>f�²U?nØ.

'�c: α-Al2O3:C ¬�®N, â», 9º1, 1º1

PACS: 78.60.K, 76.30.M

1 Ú ó

á�3É�>lË��, Ùá�SÜ"�½ö
"�EÜN±,«�ªP¹e¤ÉËìJþ, �
3	.ÏL·��§Ý½ö1ì�^�-¹�, U
(½ÑÙ�5¤ÉËìJþ���, ù«äk9º
1½1º1�A�á�äk��¢SA^d�.

20 V 50 c�, {I%dx(�Æ� Daniels Ä
gòá��9º1A5^uË�Jþ�ÿþ. �
Ð¦^� LiF 9º1á�, �,äkép�(¯
Ý, �´Ù9º15UéØ½.  20 V 90 c
�, Akselrod �< [1] ±�â Al2O3 ¬N�Ä�á
�ï�Ñ α-Al2O3:C ü¬, Ù9º1(¯Ý´ LiF:

Mg, Ti � 40—60 �, Ïd, α-Al2O3:C ¤�4äd
��ËìJþOá� [2]. Cc5 α-Al2O3:C ®²

�5�É�<��'5, Ì�´Ï� α-Al2O3:C ä
k��ér�(¯5Ú�é{ü�u1�Ú
Ån, cÙ´ 450 K[3] NC�9º1¸�Jþÿ
Á5U.

·���æ^ α-Al2O3:C ¬Nü¬��Ëì
JþOá�äkÃõ":, 'X, %3¬N¥J±
�,þ!, ËìJþ5U½5Øv, 7��Ä�
á�MÝp, /GØ´\ó, ¡G¬NJþOg�
�.p, �N´C/ [4], Ø|uÙ��z�uÐ.

,Xæ^®N��JþOá�, �±k�)ûü
¬¬N��JþO�õ«JK: 1) ���¡, ®N
äk�\õ«Ú(¹����{; 2) 5U�¡, ®
Näkò»?nß�,(¯Ýp, % (�� ) ©Ù
�\þ!�A:, Ù¦^E5UÐ, JþÆ5U
½; 3) \ó�¡, ®N�´�±(¹\ó¤�«
ì�, 'X��JþO, E,AÛ/GJþO�. X
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�=®NJþOá�; LiF(Mg, Cu, P) 9º1®"
á��.

�©ïÄ
 α-Al2O3:C ¬�®N�ËìJþ
�A, �éØÓâ» α-Al2O3:C ¬�®N�9º
1Ú1º1A5�Ñ
�¡�ïÄ�?Ø, � α-

Al2O3:C ¬�®N��JþOá��A^Jø
�
½�nØÚ¢�ë�.

2 ¢��{

2.1 α-Al2O3:C üüü¬¬¬���������

�¢� α-Al2O3:C ü¬d¥��þ°7�í
ïÄ¤<ó¬N¥%�§ÝFÝ{Eâ)�, α-

Al2O3:C ¬N)�±pX α-Al2O3(99.999%) Ú�
$® (99.99%) ���. ò 5000 ppm �$®�\
�½þ� α-Al2O3 ®N¥, 31(¥�Åþ·Ü
ï� 24 h, �Ñ�3 250 MPa eeZØ¤.. ò r

[01 1̄2] ��`�x��d¬�uI/�l�.Ü
d¬øS, �% α-Al2O3 Ø¬C\l�S, N�l
�!u9NÚ�§Ùnö�m�ål, �yl�!
u9NÚ�§Ù�¥%Ü. l�?uR� �,

3p§)�L§¥ØU��, ±���$u9N�
>���l�Lz, u9NÚ�§ÙA�±�½å
l, ±��>����§Ù�». 3�§Ùþ\X
�¡, µ4¬N, ò¬Sý�Ä� 1 × 10−3 Pa ±þ,

�¬SíØ²ï�, ±Y,§� 2350 K, ò���
ÜLz, ð§ 1—2 h. �§|½�, ± 3 K/h ��
Çm©ü§, =?1¬N)�, � - �.¡ld¬Ü
 ge�þ�úí?, ���ÜLN(¬�.. �
§Ýü�¿§, llG¥�Ñ¬N.

2.2 α-Al2O3:C ¬¬¬���®®®NNN���������

�©ïÄ� α-Al2O3:C ¬�®N´d¤)�
� α-Al2O3:C ü¬»�Úï��æ^ç©Eâ�
��. ò§F{����� α-Al2O3:C ü¬²�
�, o��º��ø2 mm �â, 2æ^�z¾ï
Ä[�� 100 µm ±e, çÀ� 20—40 µm, 40—

60 µm, 60—80 µm n«ØÓâÝ� α-Al2O3:C ¬
�®N, æ^ BT-9300ST .Ò�-1âÝ©Û¤ì
én«®N�
�A�âÝ©ÙÿÁ, ÙÿÁ(J
Xã 1(a) ¤«, æ^ D/max 2550 V .Ò� X ��
û�¤é®N� X ��û�Ô�©Û, Ù(JX

ã 1(b) ¤«. ÿÁ(J��, α-Al2O3:C ®NÙâ
Ý©Ù�éþ!, Ù¥ » (d50) ©O� 31.525 µm,

51.248 µm Ú 69.857 µm, �²ï���®N�±û
Ð� α-Al2O3 ¬�.

ã 1 (a) α-Al2O3:C ¬�®N�â»©Ù; (b) ®NXRD Ì

2.3 999ººº111ÚÚÚ111ººº111555UUUÿÿÿÁÁÁ

α-Al2O3:C ¬�®N�9º1Ú1º1A5
æ^ûð?�� RisøTL/OSL-DA-15 .9º1Ú1
º1¤ÿþ, Ë��¤ìg�� 90Srβ ��, �
¬Ëì�½Jþ�, á�± 2 K/s �,§�Ç\9
� 780 K[5], ^ U340 .È1¡Ú1>�O+¼�
9º1&Ò. �¬Ëì�¦^7Úu1�4+
�
Å� 470 ± 30 nm 1-u�¬, ��1º1P~
�. Risφ TL/OSL-DA-15 �¬��g�±�� 48 �
�¬, �¬�ò»§Ý9�m!ËìJþ!e%
�m!,§�Ç!-u1!TL Ú OSL ÿÁ�
±ÏL?�§S5�¤, �ÜL§��¢ygÄ
z��.
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3 (J©Û�?Ø

3.1 α-Al2O3:C ¬¬¬���®®®NNN���999ººº111AAA555

3.1.1 α-Al2O3:C ¬�®N9º1�ÚÄ
åÆA5

ã 2 ´â»�60—80 µm (d50 = 69.857 µm)

� α-Al2O3:C ¬�®N9º1�, 3 2 K/s \9
�Çe, �±uy: ØÓJþ� 90Srβ ��Ëì
e, ®Näkü��9º1¸, Ù9º1u�A
�¸þ u 491 K. �' α-Al2O3:C ü¬�9º1
¸ 450 K[3], α-Al2O3:C ¬�®N�9º1¸§ 
p, Ù�Ïe!ò�?�Ú?Ø; Ó�, α-Al2O3:C

¬�®N�9º1rÝ�X 90Srβ ��ËìJþ�
O\ÅìOr.

ã 2 60—80µm â» α-Al2O3:C ¬�®N3ØÓËìJ
þe9º1A� (2 K/s \9�Ç)

9 º 1 Ä å Æ nØ� � � / G Ï f �
L«� [6]

µg = (T2 − Tm)/(T2 − T1). (1)

Ù¥ Tm, T1, T2 ©O�9º1A�¸§Ú�¸p
éA�$§Úp§. e µg = 0.42 KT9º1¸�
�?ÄåÆ¸, e µg = 0.52, KT9º1¸��?
ÄåÆ¸. 3$JþËìe, �?ÄåÆu1¸§
Ø�ËìJþ�UCUC, �?ÄåÆu1¸§
%éËìJþk�6'X. �â (1) ªO��� α-

Al2O3:C ¬�®N3ØÓËìJþe�9º1/G
Ïf, XL 1 ¤«, /GÏf��� 0.42, L² α-

Al2O3:C ¬�®N9º1��?ÄåÆ¸, Ù9º
1¸§Ø�ËìJþUCUC, � α-Al2O3:C ü

¬��.

L 1 60—80µm â» α-Al2O3:C ¬�®N3ØÓËì
Jþe9º1�� T1, T2 Ú µg �

ËìJþ /Gy T1/K T2/K µg

0.1 459.7 513.2 0.415

1.0 456.7 516.7 0.428

10 458.7 515.6 0.432

3.1.2 ØÓâ» α-Al2O3:C ¬�®N9º1
5UA�

�
ïÄØÓâ» α-Al2O3:C ¬�®N�9
º1A5, ·��O
n«ØÓ��âÝ©Ùþ!
� α-Al2O3:C ¬�®Nµ©O� 20—40 µm, 40—

60 µm, 60—80 µm n«5�, Ù¥ » (d50) ©O
� 31.525 µm, 51.248 µm Ú 69.857 µm. 3�Ó^
�e, ¢�æ^ 10 Gy 90Srβ ��ËìJþ©Oé
n«Á�Ëì?n, ± 2 K/s \9�Çÿ����
¬�9º1�, Xã 3(a). é²wuy, �X α-

Al2O3:C ¬�®Nâ»�UC, Ù9º1rÝÚ9
º1¸§þu)Cz.

�âã 3(a) 9º1��é', �±�Ñ±
e5Æ (Xã 3(b)): 3½� 10 Gy 90Sr β ��
ËìJþÚ 2 K/s \9�Çe, �X α-Al2O3:C

¬�®NâÝ�~�, 9º1rÝkO\�:ì
eü, �¥ »� 51.248 µm (40—60 µm) �, α-

Al2O3:C ¬�®Näk�p�9º1rÝ, �
¥ » d50 = 31.525 µm (20—40 µm) �¬�®N
Ù9º1rÝþ:ìeü. �ÓËì^�e, α-

Al2O3:C ¬�®N�9º1rÝ��«Ïê�',

'X β ��3 α-Al2O3:C ¥�BßUå!¬�®
N�L¡È��!¬�®NL¡Ó�é β ���
Ñ�Uå. du β ���BßUåér, Ù3â»
�u 80 µm � α-Al2O3:C ¬�®N¥þ�±Bß,

®Nâ»��ÙL¡È��, �É�� β ��Ë
ì�õ, Ù9º1rÝ�r. �â»� 40—60 µm

(d50 = 51.248 µm) � α-Al2O3:C ¬�®N9º1
rÝ' 60—80 µm (d50 = 69.857 µm) �r. �Ó�
��Ï�ØU�Ñ, â»��L¡È��Ùé β �
��Ñ����, ù´���pV��S3'é,

�Ø´â»��9º1rÝ�r. nÜ·��±�
Ñ, α-Al2O3:C ¬�®N��ËìJþá��Z�
�âÝAÀJâ»� 40—60 µm (d50 = 51.248 µm)
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�®N.

ã 3 ØÓâ» α-Al2O3:C ¬�®N3�ÓËìJþe9
º1A� (2 K/s \9�Ç) (a) ØÓâ» α-Al2O3:C ¬�®
N9º1��é'; (b) ØÓâ»9º1CzA�

Ó�·��±uy, 3½� 10 Gy 90Srβ �
�ËìJþÚ 2K/s \9�Çe, α-Al2O3:C ¬�
®N�9º1¸§�®Nâ»�~�ØäJp,

d d50 = 69.857 µm (60—80 µm) â»¸§� 491 K

��þ,� d50 = 31.525 µm (20—40 µm) ¸§
� 503 K, ��ªu½. α-Al2O3:C ¬�®N�
â»é9º1¸§�K�, Ù�Ï�U´â»�
�� α-Al2O3:C ¬�®N9º1u1Ån�'é,

�â�>f�²Ån [7−9], α-Al2O3:C ¬�®N
3 491 K NC�u1¸¿Ø´ü�>f�²U?
¤�, ´��õ?�²U?U�EÜ¸, �´
$§ (ÌJþ) 9º1¸��²U?åû½�^ [10].

�X¬�®Nâ»�~�, �>f�²�9-uÑ
>Ö�EÜ¥%u1�VÇÅìJp, ��9º1
¸§�ÚOJp, ��ªu½. þ!¥ α-Al2O3:C

ü¬�9º1¸§� 450 K, �'� α-Al2O3:C ¬
�®N�9º1¸§, Ù¸��$, ÎÜùp��

>f�²Ån� α-Al2O3:C ¬�®Nâ»�'X.

3.2 α-Al2O3:C ¬¬¬���®®®NNN���111ººº111AAA555

3.2.1 α-Al2O3:C ¬�®N1º1PC�
A�

ã 4 ´¥ »� 51.248 µm (40—60 µm) � α-

Al2O3:C ¬�®NÚ α-Al2O3:C ü¬3ËìJþ
� 10 Gy eð½1ëY-u�1º1P~
� (CW-OSL), -u1� RisøTL/OSL-DA-15 g�
�7Úu1�4+
�, -uÅ�� 470 ± 30 nm,

Ë�� 90Srβ ��. ã 4 �±wÑ, α-Al2O3:C ¬
�®N1º1P~�Ó�¥y;.��êP~
A�, äkûÐ�1º1rÝ�A, �d¯�P
~Úú�P~üÜ©|¤.

� â ð ½ 1  - u � 1 º 1 { z � ., α-

Al2O3:C ¬�®N1º1rÝ�±L«� [11,12]

IOSL = I1 exp[−t/σ1] + I2 exp[−t/σ2], (2)

Ù¥, IOSL �1º1�orÝ, I1, I2 ©O�¯
�P~Úú�P~Ü©�å©rÝ, σ1 Ú σ2 ©
O � ¯ P ÚúP Ü © � P ~ ~ ê, $ ^ (2) ª
é1º1P~�?1[Ü, ��âÝ� 40—

60 µm(d50 = 51.248 µm) � α-Al2O3:C ¬�®N¯
P~ÚúP~~ê σ1 = 4.63 s Ú σ2 = 13.93 s. �
'u�Ó^�e α-Al2O3:C ü¬�¯PÚúP~
ê� σ1 = 4.68 s Ú σ2 = 24.13 s[13]. α-Al2O3:C ¬
�®NÙ¯P�ÇA��±ØC, �´ÙúP�Ç
%wÍ\¯. Ù�Ïò3e!�±Ö¿.

ã 4 40—60 µm(d50 = 51.248 µm) â» α-Al2O3:C ¬
�®NÚ α-Al2O3:C ü¬3�ÓËìJþe1º1P~A
� (CW-OSL)
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3.2.2 ØÓâ»� α-Al2O3:C ¬�®N1º
1PCA�

¢�þæ^ËìJþ� 10 Gy � 90Srβ ��,

-u1�g��7Úu1�4+
�, -uÅ
�� 470 ± 30 nm, 3�Ó^�e, ©OÿÁâ»
� 20—40 µm(d50 = 31.525 µm), 40—60 µm(d50 =

51.248 µm), 60—80 µm(d50 = 69.857 µm) n«â
» α-Al2O3:C ¬�®N�1º1P~A5, ÿÁ(
JXã 5 ¤«. ��3�ÓËìJþÚ-uÿÁ^
�e, n«âÝ� α-Al2O3:C ¬�®NP~�þ
LyÑ;.��êP~A�, ��Xâ»�UC,

Ù¯PÚúPÜ©�å©rÝ, ±9P~~êþu
)UC.

ØÓâÝ α-Al2O3:C ¬�®N3�Ó�Ëì
ÚÿÁ^�e, $^ (2) ªé1º1P~�?1
[Ü, ���P~��¯PÚúPÜ©�P~~
ê�uL 2, lL 2 �±uy, �X α-Al2O3:C ¬
�®Nâ»�~�, Ù1º1�¯PÜ©P~
�ÇCzØ�, �´ÙúPÜ©�P~�Ç%Ø
ä\¯.

ã 5 ØÓâ» α-Al2O3:C ¬�®N3�ÓËìJþe1
º1P~A� (CW-OSL)

L 2 ØÓâ» α-Al2O3:C ¬�®N3�ÓËì^�e1º1¯
PÚúPå©rÝÚ�Ç�

âÝ /µm I1 I2 σ1/s σ2/s

60—80 420963 309516 4.44 17.57

40—60 558965 475728 4.63 13.93

20—40 302838 269486 4.44 12.73

�â α-Al2O3:C 9º1Ú1º1Ån [14], α-

Al2O3:C ¬�®N�É 90Srβ ��Ëì�ÙSÜ
>lÑ>f - �Çé, Ù¥>f�-u���, Q
�±�ÌJþ�²Ð¼P¹eËìJþ, ��
U� F+ Ú%Ð¼¦ÙC¤-u� F Ú%, º
�Ü©1Å. Ó� β ��Ëì>lÑ��Ç� F

Ú%Ð¼, �¦ F Ú%C¤ F+ Ú%. ��X�
¬3 470 nm 71-ue, >flÌJþ�²¥
º�, Ì�� F+ Ú%EÜ��-u�� F Ú%,

-u� F Ú%u�Ñ 420 nm NC�F1, Ì�
û½X1º1¯PÜ© [15], �1º1P~�
�¯P�ÇÌ�� F Ú%�F1Æ·k', é§
ÝCzé¯a, �ØÓâ»�1º1¯P�ÇC
zØ�. �âf�²U?nØ [16], �¬3 470 nm

71-ue, lÌJþ�²¥º��>f, �Ü
©�f�²U?Ð¼, ,�±�ú��Çº��
EÜ¥%u1, Ì�û½X1º1úPÜ©, �
úP�ÇÌ��fU?¥Ð¼�>fßÝ�'.

1º1P~��úP~Ü©Ì����N
C�ü�fU?k', Ù�²�Ý©O� 0.65 eV

Ú 0.77 eV[16]. �Xâ»�~�, α-Al2O3:C ¬�®
N�L¡ÈØäO�, 470 nm 71-u����
>f�f�²U?Ð¼VÇJp, ��f�²U?
>fßÝJp, ¤±úP�ÇØä\¯. þ!¥ α-

Al2O3:C ü¬úP~�Ç� σ2=24.13s, �'� α-

Al2O3:C ¬�®N�úP~�Ç, ÙP~�Ç�
ú, ÎÜùp�f�²U?nØ�¬�®Nâ»�
'X.

Ó�, L 2 uy: α-Al2O3:C ¬�®N1º1
¯�P~Úú�P~Ü©�å©rÝ�â»�',

3�Ó� β ËìÚ71-u^�e, �Xâ»�
~�, Ù I1, I2 rÝCz5Æþ´kO�~, ù�
3�Ó^�e�9º1rÝ�â»��Cz5Æ
�Ó. Ù¢, α-Al2O3:C ¬�®N�9º1Ú1º1
´ü�éX�~;��L§. ü�L§þ´3k
�É 90Srβ ��Ëì�ÙSÜ>lÑ>f - �Ç
é, >fÌ��ÌJþ�²Ó¼P¹eËìJþ.

9º1Ú1º1�ØÓ�´3uÌJþ�²¥>
f�ØÓ/ª�Uþ-u� F+ Ú%EÜu�
Ñ 420 nm NC�F1, 9º1´ÏL\9-u, 
1º1K´71-u, 3��þäk�Ó5, ¤±
ùp� I1, I2 rÝCz5Æ�9º1rÝ�Xâ»
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��Cz5Æ´�Ó�.

4 ( Ø

�©ïÄ
 α-Al2O3:C ¬�®N�ËìJþ
Æ5U, æ^§F{)�� α-Al2O3:C ü¬²Lï
��� α-Al2O3:C ¬�®N, äkü�9º1¸,

ù´3JþÆA^þ���`:. α-Al2O3:C ¬�
®N3g� 0.1—10 Gy Jþ� β ��Ëìe, 9
º1�ÎÜ�?ÄåÆ�., 1º1�äk

;.��êP~A�. ØÓâ»� α-Al2O3:C ¬
�®N9º1Ú1º15UïÄL², â»éÙ9
º1rÝÚ9º1¸§�K�ÎÜõ�²U?E
Ü¸nØ, â»éÙ1º1rÝÚP~�Ç�K�
ÎÜf>f�²U?nØ. ïÄ�Ñâ»� 40—

60 µm(d50 = 51.248 µm) � α-Al2O3:C ¬�®N
Näk�Z�ËìJþ�A, � α-Al2O3:C ¬�®
N��JþOá��A^Jø
¢��â, Ó�
� α-Al2O3:C ËìJþOá��A^m8
�^
#�´».
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Abstract

In this work, we first report on the radiation dose effect of α-Al2O3:C crystal powder. The thermoluminescence(TL) and optically

stimulated luminescence (OSL) of the powder are investigated by RisøTL/OSL-DA-15. The as-grown α-Al2O3:C crystal powder of

same particle size shows a single TL peak and the TL intensity increases as irradiation dose increases, but no shift of the position of

the TL peak is found, which is consistent with first-order recombination kinetics. And in the same radiation dose and test conditions,

with the particle size of α-Al2O3:C crystal powder decreasing, the TL intensity decreases after first increase and then the TL peak is

gradually increases and approaches to a stable value, which shows that the α-Al2O3:C crystal powder, 40—60 µm in diameter, has

the best TL effect. The OSL decay curve of α-Al2O3:C crystal powder shows the typical exponential decay characteristics, and the

relationship between OSL intensity and decay rate with the particle size of α-Al2O3:C crystal powder is found to be consistent with

the shallow-electronic-trap theory.
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