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�^��tz	tdQWt:37t:QkkaA4���^��3��	)C�7 321,
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a|p��?/�Qk�	lC�6+a�~lT37QA4���6r��_l1�,+TCa'K��^3i|℄�->saap3S
dtlC��2a�u	Qy%s�n�i	PC5"lTt.�lC�6137 2273 lC���\	℄���
10 min :��61TCor	�H?r 1 mV/sÆr�TC61alb�H{℄^���lb ±20 mV	�H?r 0.2 mV/s�+�|p^ 1% NaCl y%�/ 1%�2�ab99y%3/ 1%�2�a NaCl y%	
r^(
�NaCl y%37�fL+℄3b99\nx=	�2�)�^ 200∼300 O�+�sÆUa℄
i�^ 3 mm	:N℄�?r$o^ 20 m/s	G=+��u�^ 90◦�^Bq?�7aL*�/>�1�	��|p^/ 1%�2�ab99y%��w+ �
3 h ��:	sF���Fa 704 'p	�(U:
mhK�:	7�1^ 0.1 mg al�P`<w	)q~�+ �wa`�j�
3 E[4)�Y�3�7 321 ,
�a\&�h�C{Y 1 G"�ds	�Y�^s:YoI	� 1050 �$y:a15a�h^W'a�&Nx!	�)U0=?�QQ	{Y 1a G"Æ321 ,
�^d{�	{Y 1b G"�
3.1 A
DZY 2^�Y�3 321,
�Q:?^ 20 m/s ab99 +1% �2��|p 1�3 1% NaCl+1% �2
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Table 1 Chemical compositions of the tested materials (mass%)

Materials C S P Si Mn Ni Cr Mo N Ti Fe

HNS 0.04 0.005 0.017 0.24 15.8 – 18.4 2.19 0.66 – Bal.

321 <0.08 <0.03 <0.03 <1.0 <2.0 9∼13 17∼19 – – 0.4 Bal.

Fig.1 Microstructures of (a) HNS and (b) commercial

321 stainless steel
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Fig.2 Cumulative mass loss for HNS and 321 stainless

steel in tested solutions after erosion-corrosion for

3 h��|p 2�sA4�� 3 h a"S�wx,�<Y�f	QDv|ps	321 a�w����Y�	;d$Q/= NaCla|ps�wWd�Im��Y�Q|p 1 3|p 2 sa�w�'^ 4.95 mg 3 7.95

mgÆ321a�w�'^ 8.95 mg 3 13.00 mg��Y�Q|p 1 3|p 2 sa�A�V*�'^ 321 ,
�a 1.81 3 1.64 ��
3.2 RV0.Y 3 $ 20 m/sAP��Y�3 321,
�Q,V|psar�TCl�D�ga$Cor�Q,V|ps	�Y�3 321 ,
�ar�TCl�D�A��gaWdxi|	lQ NaCl d�sar�
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Fig.3 Linear polarization resistance variation with time

for (a) HNS and (b) 321 stainless steel in two me-

dia under erosion-corrosion at 20 m/sTCl�jw|	:I*�/>Q7t:A4QkkV g3d?15yyaw"�7�QVv|ps	�Y�ar�TCl��� 321 ,
�	%I�Y�=w1aQA4���V�
3.3 0.?RY 4 $�Y�3 321 ,
�Q/v|ps	I3A�QkkaTCor�<Y�f	/v15a���lbQA�Qkk�yÆ3Æ(�APV1K�	���lbKgÆ��l:Er#D�APV1aWdxWd	:I��/>Q7t:A4Qkktd?15aF=w"5w�
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4.1 �G#B�d#B�M+#B�9�℄SQWt:A4Qkk	A�a*�/>aF3,
�%FauCL	�~/G�M�yy�I	V�|pa:pHd?3�aIp	OxP�30Tz3��� Nernst|> [7] �f	�[rWT	�sTCz3a`8lTlb
(	_l��lb
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�%FauCL	_l��lbÆ(�Q%/$7t:A�Qkk	:Nsa$N�)C15%F�7g:	dpVL='0� 15g,	_l15U0abRErWd	xbRErCA�$�=r�%i	_l157ÆA�$�	�A�aV1�C^15aUV [8]	_'W1L�'/5wNialC��^�=��eI	<*��7T=a~/A�$��1g��l:aWd [9]	lA�$�K�w	bRQ�{}Sa21Kw	�Tl:aW1KT�OY 4 �f	/v15QWt:37t:A�Qkk���lbqyÆ3Æ(�A����lbX�Æ(	��l:ErX�Wd_'nz�7��Y 3 hCa$vTCor"-Y�Y 5�B)y%�Ys	c1�c2 3 c3 �'V%	I�Wt:37t:A4Qkka0TTCorÆa1	a2	a3 �'V%	I�Wt:37t:A4Qkka�TTCor�Ys	c1 3 a1 aqi AV%a$	IQkk+ Q
1% NaCl sGGalC��I	t3a��lb3��l:�'$ Ecorr1 3 icorr1�̂ A4�����
(Wt:)	�aIpd?	15auCLyÆa7	0��Tz3�Wd�/N	0TTCor< c1 $^ c2	�TTCor< a1 $^ a2	+ alC��
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Fig.4 Potentiodynamic polarization curves for (a) HNS

and (b) 321 stainless steel in tested media under

static and erosion-corrosion condition

IO A $^ B	Gt3a��lb3��l:�'$ Ecorr2 3 icorr2	<�0T3�TorV�$C	��lb Ecorr2 �V�� Ecorr1 #�Vg�
Ecorr1	_q��A4t0��T5w>rattT|�Q!��s	Ecorr2 g� Ecorr1	%IA4t�T->a5w�^m}	YA4a*��7h�Ipd��7�^|ps/=�2�g:	tVA4?r�	t��7�dIm	0TTCor< c2$^ c3	V�<��)t15aAP	�15auCLyÆa7	UVWd	�TTCor< a2 $^ a3	+ alC��IO B $^ C	Gt3a��lb3��l:�'$ Ecorr3 3 icorr3�7mt
Ecorr1 > Ecorr2 > Ecorr3, icorr3 > icorr2 > icorr1�
4.2 �G#B�3-e^%/$7t:A4��$'��Oa->	�!��3A4/�|F	a=*��7?=C�OlC��7�=doMD/^ggQQq?�7 [10]	A4��T=a15E�,��$WL��VLA4�wahWnd	xl�!��lC�/>CA4*�/>t?P�7Æaq?�7 [1,11∼14]�q?�7�!/�|F�A4t��a5w3��tA4a5w�15a	�w|"$<���/>1g15)#�� Z#15%F	8'|F$<�*�/>1ga15)$N�)� ZA15%F	/NpI��k	�w WT �7k %S [15,16]�

WT = W ′

C + W ′

E (1)ds	W ′

C $E�sa���1ÆW ′

E $E�sa*��1�<�q?�7aQQ	(1)  ?�)%S^�
WT = WC + WE + WCIE + WEIC (2)

WEIC = W ′

C − WC (3)

WCIE = W ′

E − WE (4) s, WT ^15Q/ 1%�2�a NaCly%sA�
3 h a�w1ÆWE ^15Qb99 +1% �2�s

Fig.5 Schematic diagram of ideal polarization curves for

tested steel in 1% NaCl solution in the presence

of erosion-corrosion and in the absence of erosion-

corrosion with and without 1% quartz sand



144 s)��C~;�� 32�144 s)��C~;�� 32�144 s)��C~;�� 32�
Table 2 Contribution of pure corrosion (WC), pure erosion (WE), corrosion-induced erosion (WCIE) and erosion-

induced corrosion (WEIC) to total cavitation erosion (WT) after 3 h cavitation for HNS and 321 stainless

steel in the test solutions

Mass loss/ mg Damage fraction/ %
Materials

WT WC WE WCIE WEIC WC WE WCIE WEIC

HNS 7.95 0.021 4.95 1.16 1.819 0.26 62.26 14.6 22.88

321 13.00 0.025 8.90 1.42 2.655 0.22 68.46 10.9 20.42A� 3 h a�w1Æ^B WC al:Eq 1% NaCls	IQkkal:ErjÆW ′

C al:Erq 1%�2�a NaCly%sA�Qkkal:Erj��� Faraday o<n	I3A�Qkka��l:Er�J=��?=	/v�aI�1�<^ Fe	V
1 mA��l:t^� 1.04 mg/h���w= [17]�nD�Y�3 321 ,
�A� 3 h a��1{% 2 G"�O% 2 �f	�Y�3 321 ,
�Q	IQkkaL���1 (WC) q�9|�/v15aLA�1 (WE) Z	�wa��"�'$ 62.26%3
68.46%ÆQq?�7gs	<*�/>1ga��W1 (WEIC) ��Im	;d$ 321,
�a��W1��ÆQ7t:A4Qkk/v15aq?�7�1a	3 (WEIC+WCIE)	�'Z��	�w1a
37.48%3 31.32%	<N�j	q?�7QA��wsZ37T"(�x�Y�Q ��7kaq?�7�1a	3kZ	�wa 12.9%[6]	A�Qkk�Y�aq?�7�1GZ	�wa"(�T	/Nt:?w�a%/$7t:A4��QkkaÆ1
1g
"w*	Q�?A�Qkk15aÆUxn$�:A4��a��wi�
5 4:

(1) QWt NaCl y%s	I3A�Qkk	�Y�aQ��V��� 321,
���Y�Q 1%�2�9y%sa�A�V*^ 1% NaCl+1% �2�y%sa 1.61�Æ321,
�Q 1%�2�9y%sa�A�V*^ 1% NaCl+1% �2�y%sa 1.45���Y�Q/v7t:|psa�A�V*��� 321 ,
��
(2) C	It"	A�,\d?�aIp->	HaF315%FauCL	�/v,
�G�M�yy�I	lC���?=WT/�21Z�
(3)Q 20 m/saA4��Qkk	�Y�3 321,
�aq?�7�1�'Z	�w1a 37.48%3

31.32%	;d$*�/>t��ad?;^Im��7OQ
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EROSION-CORROSION BEHAVIOR OF HIGH NITROGEN

STAINLESS STEEL AND COMMERICAL

321 STAINLESS STEEL

QIAO Yanxin1,2, LIU Feihua1, REN Ai1, JIANG Shengli2, ZHENG Yugui2

1. Suzhou Nuclear Power Research Institute, Suzhou 215004;

2. State Key Laboratory for Corrosion and Protection, Institute of Metal Research, Chinese Academy of

Sciences, Shenyang 110016

Abstract: The erosion-corrosion behavior of high nitrogen stainless steel and commercial 321 stainless steel in

slurry flow was investigated by using a high-speed jet impingement erosion-corrosion apparatus. Meanwhile, the

mass loss caused by erosion and corrosion and synergistic of corrosion and erosion was calculated. Compared

to commercial 321 stainless steel, high nitrogen stainless steel has relatively superior corrosion resistance both

in static NaCl solution and slurry flow. Erosion not only accelerated the traction of oxygen but also damaged

the passive film formed on stainless steel. The damage of the passive film resulted in an active dissolution state

and induced the corrosion current density increasing 100 times more than that in static solution. The mass loss

caused by pure erosion was the dominant factor in total mass loss.

Key words: high nitrogen stainless steel, erosion-corrosion, potentiodynamic polarization curves,

synergistic effect


