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9?nEâ�2�A^u÷kê�C�þ, ±ü$C��.,�Y², Uõì9�2Ì�. g 2008 cå, EAST

¡��lfN�1�9æ^�%á�, duAÏ��$¬Nõ�(�, äkp�íÇ±9é H2O, H2 �,�íN�
páN5, l¦�lfN�>cÏ�C�ý�¿9?nc�'�. �©0�
 EAST C�ý�¿9?n�¢�X
Ú, ¿ïÄ
C�ó��ØÓó�íN9ó�ëêe��6�1�>�Wé,�âf��Ø�J. ¢�(JL²:

EAST C�ý�¿3²L��m�cÏ9?n�, wÍ/ü$
ý�¿S9�ÑíÇ��.,�ßÝ, ùé��?
1��lfN�>¢��~k7�.

'�c: 9?n, �6�1�>�W, ó�

PACS: 52.80.Vp, 52.55.Fa

1 Ú ó

��÷kê�C�´^5ïÄ^�å�lf
NØàC�¢�C�, Ùý�¿�¦Ãh�pý�
�., ¦�Uü$,�é�lfN1��K�; Ó
�, éuó�íN9ÙÓ �7Lü$âf2Ì�,

±|u�lfN�>�±Y?1. 9?nEâ�2
�A^u÷kê�C�þ, ±ü$C��.,�Y
², Uõì9�2Ì� [1]. g 2008 cå, EAST ¡
��lfN�1�9æ^�%á�, duAÏ��
$¬Nõ�(�, äkp�íÇ±9é H2O, H2 �
,�íN�páN5, ��lfN�> [2] cÏ�
C�9?nc�'�.

EAST C�3¢�cSÜUE¥, ý�¿3�
�m�³�í��, C�S9áN
�þ� H2O,

N2 Ú O2 �íN, ±9duC�SÜ���ó§S
C�ö�í3�h9Ù¦%�zÜÔ�¤©, I
�?1prÝ�9?n5¼�pý�G�, ��l
fN�>JøûÐ�ì9�¸. æ^ó���6�

1�>�Wü«�{5ü$ EAST C��lfN
�>cSý�¿,�Y², Jpý�¿4�ý�Ý.

�©ïÄ
ó���6�1�>�W�¢�(J
9`z, Ó�'�
ØÓëêe�6�1�>��
W�J.

2 ¢�XÚ

2.1 óóó���XXXÚÚÚ

8c EAST Sý�¿�ó�XÚ�âC�
�N�I�(��ØÓ, æ^ü«ó��{. 9
�(��1�99ý�¿Y�|^6LS	�
m�9�í?1ó�, I�9Äí+�¦^>\
9 j ó �. Ù ¥ 1 � 9 9 Y � Ï ~ ó � § Ý �
200 ◦C (�p§Ý�� 350 ◦C), I�9Äí+�
Ï~ó�§Ý$u 150 ◦C. ã 1 ¤«� EAST 1
�99�(�9SÜ£í+� [3], EAST Sý�
¿�k 9´3ØCg| þSC�95�~Ð�
Ô9�£´, Ù¥1�9�$SC39�þ¡, 9
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�SÜSCk�Ï9�íÚe%Y�+�£´, 3
�lfN�>c9?nÏm, �39�£´Ï±

�p§Ý� 9�í, l��C�ó�Ñí�
8�.

ã 1 äk9 N2 ó�£í+�� EAST 9�(�

2.2 ���666���111XXXÚÚÚ

�6�1�>´3ý�¿S�\>4���
4, C�S9��Ò4, ü4m\þ�½�>Ø�,

Ò¬3>4ÚS9m/¤>|, ý�¿Sí{�>
fÚlf3>|��^e©O��4ÚÒ4$Ä,

/¤>fÈ��A, 3	.>Ø��^e�¤

½��6�1�> [4]. 3�6�1�>�W¥, l
f3>|��^e�Ò4=ý�¿S9$Ä, 3>
|rÝép�Ò4 ü«\�$ÄñÂS9, ¦
9L¡=¦(ÜUép�,��U�)ÛºÑ,

3ý�"|��^e�ÄÑý�¿	, l¢y�
6�1�>éC�S9��W.

EAST C�SÜ�SCko��1>4, ��
é¡�SC3 A, C, G Ú K I�NC, ã 2 ¤«�
>4�(�ã. >4á�´ØCg, >4�C�S
9mÏL>bý�. >4�C�S9mCkØCg
o@, ±���1�>ÏmCålål½´duC
ålp>|�)�pUâf�³>4NC�ý�
¿S9. >Ú�²L�G>bÚØCgo@�o,

(��C��ý�±9v
�Å�rÝ.

ã 2 EAST �1>4(�ã

EAST �6�1XÚ�ko�Õá�>, ©

O�o��1>4ø>, �O�1ÑÑ�6>Ø
� 0—2000 V, ó�>Ø� 150—900 V, ÑÑ>6
� 0—15 A, >��ÑÑõÇ 15 kW, äkÃÄÚ
�§V��õU.

2.3 ÄÄÄíííXXXÚÚÚ

EAST C�Sý�¿�ÄíXÚ�©�ÌÄí
XÚ! ÈìÄíXÚÚ$,ÅÄíXÚ [5]. SC
3 EAST C��Y²I��ÌÄí+��»� Φ

0.8 m, �� 6 m, ��
 3 � F-400 .!¶ÂÄ�
� 3.5 m3/s �µÓ©f"Ú 1 � 3K-T .!¶ÂÄ
�� 2.5 m3/s �EÜ©f" (é N2 �oI¡Ä�
� 12.9 m3/s) ±9 4 �$§", ¿kü@Û]"Å
|9�@©f"Å|�¤�c?ÄíÅ|.  Èì
ÄíXÚ�)3 EAST C��ºÜÚ.Ü�k 6 �
$§" (ü�I¡Ä�: �í 13 m3/s, Yð 17 m3/s,

�í 5.8 m3/s), ±93C�SÜÌ�^5ÄÑ3�
>Ïm Èì ��,�íN�S�ª Èì$
§". $,ÅÄíXÚ�) 1 � F-400 .µÓ©f
"Ú 1 �$§". ½���ÄíXÚ�9?nÏ
m�,�âfÄØJø
7���Ä�.

2.4 999???nnn¿¿¿íííXXXÚÚÚ

EAST �>�W�ó�íNd>^z (.Ò
� VDE016) ��, ÏL¿í+�lY² J I� (�
Sý�¿ÌÄ+��I� ���é¡) ¿\C�,

>^z®�\ PLC ��XÚ [6], ���ÏLO�
Å��6þ½íØ. T>^zkíØ�"��Ú6
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þ��ü«�ª, íØ�"���ª´ÏLíØ�
½�Ú¢S��"��?íþ, 6þ���ªK
´����z��mÝ, T�ªe�?íÇ�í
�ØåCq¤�''X. duíN�Ñ��, �X
�1�>�?1, í�Øå¬²wü$. �
�
±ð½�?íÇ, Ï~¦^Ør�"�ª5��¿
í, ±�y�1U
3½�íØe�±.

2.5 ÿÿÿþþþXXXÚÚÚ

EAST c Ï 9 ? n Ï m Ì � ¦ ^ 5
+ (PKR251) 5 ÿ þ C � S � ý � Ý, Ï L o
? � Ì ¤ (RGA200) i ÿ í N ¤ © � © Ø C
z [7]. d u 3 �6� 1 � > Ï m ó � í Ø �
p, Ï ~ 3 5×10−2—10 Pa � m (~ ^ ó � í
Ø � 5×10−1 Pa),  � Ì O � ó � í Ø � ¦ �
u 10−2 Pa. �
U
O(iÿ�1�>Ïmí
N¤©�Cz, EAST þSC
�@�©ÿþXÚ,

�)�� RGA200 �Ì¤Ú�� PKR251 5+, l
U
3píØe?1©Øÿþ. �©XÚÿþ�
��©Ø�I�?1I½âU
��C�S�í
N©Ø. Ï~3$íØ�Ì¤U
ó����SÓ
�ÿþC�Ú�©�©ØÚoØ, ���©XÚé
ØÓíN¤©�ØÓÄ�. ,��â�1��©X
Ú�C��íNoØ�'�, O�ÑC�S�©Ø,

?µ�ÚO��1é,���ØÇ.

3 ¢�L§�?Ø

EAST C�3�lfN�>cÏ, Ì��9?
n�{�)ó� (I�!Äí+�±9SÜ�) Ú
�6�1�>�Wü«�ª. C�ó�U
)Û�
ì9L¡(ÜU�$�Ì�±ÔnáN�ª�3
u9þ�,�, �L¡(ÜU�p�Ì�±zÆ
áN�ª�1�9(Ü�,�, 7LÏL�>�W
âU
�Ø.

3.1 óóó���999???nnn

3ý�¿S9L¡áN�íN¬Uì�½�
)Û�Çlì9�L¡º�Ñ5, )Û�Ç�í
N©f�L¡�(ÜU±9L¡�§Ý���',

Cqu (1) ª¤«:
dc

dt
=

c

t0
exp

[
−Ed

kT

]
, (1)

Ù¥ c ´íN©f�L¡ßÝ, b��u��ü©
f�, Ed ´íN©f�(ÜU, T �ì9L¡§Ý.

)Û�Ç�íN©f�L¡�(ÜU±9L¡�
§Ý���'. �â (1) ª, �±�Ñ�Xì9L
¡§Ý�Åìþ,, íN�º��Ç¬����
���, ²Lp§ó�?n��ì9��í�Ç¬
��ü$, �´éu(ÜU'�p��f½ö©
f (Ed > 2.5 eV), =¦§Ýó�� 700 K, ó��m
2��J±¦Ù)Û.

ã 3 � 2010 c Á G EAST C � Ô n ¢ �
� c Ï 9 ? n L § ¥ S ý � ¿ ó � § Ý � ý
�Ýüz�ã. �±wÑ9§d 50 ◦C þ,
� 200 ◦C �, Sý�¿ý�Ýd 4.2×10−5 Pa þ,
� 1.1×10−3 Pa, ¿3TíØe�±, �Ìw«d�
�C�Ì��íN¤©� H2O, h9%�zÜÔ.

3²{
 3 U� 200 ◦C ó���, C�¿ N2 �, q
¡E 200 ◦C �ó�, C��ý�Ýd 2.2×10−5 Pa

þ,� 1.6×10−4 Pa, 4�ý��,�Y²�'þ
ü$ 1—1.5 �þ?. 3���± 200 ◦C, íØ9,
�Y²ÅÚeü, L²ì9L¡(ÜU�$��Ü
©,�Ñ®²��ØK, UYüX��ó�®²J
±2?�Úk���Ø,�.

ã 3 2010 c EAST ÁG¢�ó�§Ý�Ør�üz

éuó�ØU�Ø�,��±?�ÚÏL�
>�W��{5�Ø, d��±1�9�p�ó�
§Ý, UY�±9þ,��)Û, Ó��U
²w
Or�6�1�>��W�J.

205203-3



Ô n Æ � Acta Phys. Sin. Vol. 61, No. 20 (2012) 205203

3.2 ���666���111999???nnn

éuó�ØU
�Ø�,��±ÏL�>�
W��{5�Ø. �>�W��nV)å5Ì�´
�>�)�pUâf (�)lf!>f!1f±9
>Ö���)�¥5âf�) ñÂ9L¡, òUþ
D4�L¡�,�íN©f½�f, »�§��9
L¡�(Ü�, ½ö�§�u)zÆ�A)¤í�
zÜÔ, l¦§�l9þ)ÛÑ5¿�ÄÑý�
¿	. �©Ì�'�
ØÓó�íN�ØÓó�ë
êe��6�1�>�W�J.

3.2.1 ØÓó�íN�'�
EAST C��>cÏÌ�æ^ He �1Ú D2

�1�>5�Øý�¿S,�, He �6�1�>
´�~^��W�{, He ´ý5íN, éJ�Ù¦
íNu)zÆ�A, Ó�Ùäk4$�9¢3Ç
�^53�«^�e��1�W.  D2 �zÆ¹
5A:´´u�Ù¦íN¤©�A)¤í��%
�zÜÔ, zÆ)Û�)��Ø�J�pu He �
1.

ã 4 � 2010 c 9 � 14 F EAST C��>c,

ëY D2 �1Ú He �1�©Ørüz�, Ø

 D2 �1Úå�9¢3	, �±@� D2 �1
Ú He �1?u�Ó�9G�e, �Ñ´¦^

ü�é¡����1>4, >6þ� 2 A. 3�

±¿í��¹eÊ��1�>�W, *	�Ì¥
©Ø�Cz. lã 4 ¥²wwÑ, du D2 �z
Æ¹5��3 D2 �1¥)¤
�þ� CO (�f
�þê (AMU28)), C2D4 (AMU32), D2O (AMU20),

CH2D2 (AMU18) ±9 C2D2O ½ CO2 (AMU44), ù
ék��Ø1�9¥� C, H, O ±9ÙzÜÔkX
²w��J.  He �1=é CO ½ D2 �1í3
� C2D4 (AMU28) k�~�f��^, Ù¦íN¤
©3�� He �1L§¥Ã?ÛCz. lã 4 ¥Ó
��±wÑ, 3Ê��ÓíØ�ó�íN D2 Ú He

�1�W�, �Ìw« He �1�� AMU4 �¤©
' D2 �1�$ 1.5 �þ?, ùL²¹5íN D2 3
äk�p��ØÇ�Ó�, �éN´��$Ð¼
¢331�9S, ��æ^3 D2 �1�?1 He �
1�W±¢y¯��Ø¢339¥ D2 �8�.

Ar ´©fþ���ý5íN, Ar �1�>�
W�Å�Ì�´ÏL-ED4Uþ��9þÙ¦
Ô��)ÛÚº�. 3 EAST C�þ?1
 Ar �
1¢�, uy Ar �13�$�ó�íØ (< 0.1 Pa)

e=�¢y½��1, äk�p�©f²þgd
§. dã 5 �±wÑ, 3�±¿íØC��¹eÊ
��1�>�W, Ar �1L§¥ HD (AMU3), D2

Ú He (AMU4) �©Ø´�1Ê��� 6 �, dd�
�Ùé¢33�$9p� D2, He �äkép��
Ø�J.

ã 4 2010 c EAST ¢�cÏ D2 �1� He �1L§©Ø'�
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líN)Û�¡�Ä, 3 250—350 eV �ñÂ
Uþe, Ar �1�íN)Û.¡´ He � 10 �,

�´3T^�e Ar éN´��$9Ð¼¢3
39S, ¤±3¢�L§¥��é�¦^ Ar �1
�W, �3�
AÏ^�e, X He, D2 �1�W
�I�éC�?1 He �Ìu¦, d�?1�á�
m� Ar �1�W=���¯��ØC�S¢3
� He Ú D2, lJpu¦ He �.�, Jp���
u¦Ç�8�.

ã 5 EAST þ Ar �1�©�Ìêâ

3.2.2 ØÓ�Wëê�'�
éu¢�¥�~^� He �6�1, 3 EAST

þ?1
ØÓíØ!>6Ú>4é�W�JK�
��\ïÄ. 3¢�¥ïÄ
 5, 1, 0.8 Ú 0.1 Pa o
�ØÓíØe, �1�>�Wé,���ØÇ�K
�, Xã 6 ¤«. uyé,���ØÇ�íØ�,
pO\, �´�íØ,p� 5 Pa ��1Ø½,

éN´�).l, Ó�píØ��µÓ©f"Å|
�Ä�:ìeü. nÜù
Ï�, He �1é,��
�p�ØÇ�Ü·íØ�� 0.8 Pa.

ïÄ
ØÓ�1�>>6é�ØÇ�K�. X
ã 7 ¤«, 3 0.8 Pa �ó�íØe, �±w� 6 A

� He �1é H2 ��ØÇ´ 2 A � 1.9 �, éu
Ù¦íN¤©X H2O, O2 Ú CO2 �,���ØÇ
%�X>6�O\ü$, �U�Ï´Lp�>6
��ù
íN�>l, lK��"ÄØ. éu3
�ÓíØ9�Ó>6�^�e, '�
ü�>4�
o�>4é,���Ø�J, uyO\ü�>4¿
vké,���ØÇ�5²w�Cz, 3ü��
1>4ó���¹e=�¼��~þ!��lf
N, Ä�÷v
¢��I�.

ã 6 ØÓó�íØe� He �1��ØÇ

ã 7 ØÓ>6e� He �1��ØÇ

4 ¢�$1�(J

2010 c Á G EAST Ô n ¢ � ¥, � ? 1

� 307.8 h �ó�?n (� 200 ◦C), ¿39§�
± 200 ◦C �^�e?1� 98.4 h �± D2 �1�Ì
��>�W, ó�é H2O, CO2 ±9h�Ù¦%�

ã 8 EAST �Ó¢��>cý�Ý9íN©Ø'�
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zÜÔk�~k���Ø�J, H2 ©Ø�X�1
�>�W�?1ÅÚü$, C�3�lfN�>
cÏ9?nL§¥, o� H2 �Øþ��� 65.8 g,

o� H2O ��Øþ��� 485 g.

C�S9o�ÑíÇd 1.0×10−3 Pa·m3/s e
ü� 1.0×10−5 Pa·m3/s, Xã 8 ¤«, �>cý�
¿4�ý�Ý�� 3.2×10−6 Pa (9§ 100 ◦C), Ù
¥ H2 Ó 80%, �í{íN�Ì�¤©, ���L

÷kê�C�$1¤I�� 1.3×10−5 Pa ý�

Ý^�.

2010 cÁGÔn¢�¥, EAST C�3²L�
�m�cÏ9?n�, wÍ/ü$
ý�¿S9
�ÑíÇ��.,�ßÝ, ý�Ý9,�Y²�`
u{c¢�cY², ûÐ��>c�9G�Ì�
8õu�±p§ó��^�e, m�?1Ü·ëê
� D2 �1� He �1��W?n, ù���?1�
�lfN�>¢�Jø
ûÐ�ý��¸.
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Wall cleanings for pre-treatment on EAST∗
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Abstract

Wall cleaning has been used popularly on tokamaks to reduce impurities and fuel recycling. Since 2008, the plasma facing

components of EAST have been all of graphite. Due to the special crystal structure of graphite, high outgassing rate and strong

absorption of hydrogen gas are induced. The wall cleaning is in particular important for the pre-treatment before the plasma operation

of the machine. In this article, we introduce the wall conditioning system on EAST, and study the removal efficiency of device baking

and glow discharge cleaning in different working gases and at different operating parameters. The long duration baking and GDC

cleaning in EAST notably reduce the wall outgassing, and impurity radiation. After the cleanings, plasma is easily obtained, which is

beneficial for the plasma physics experiment.

Keywords: wall conditioning, glow discharge cleaning, baking
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