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ABSTRACT Duplex stainless steels (DSS) are extensively applied in many fields such as petroleum
industry, petrochemistry, desalination service and paper–making industry. They are characterized by
a two–phase structure, offering an attractive combination of corrosion resistance and mechanical prop-
erties. Their best general properties are obtained by keeping approximately equal volume fractions
of austenite and ferrite but averting third harmful phases, such as σ, γ2, χ, carbide and nitride, to
be precipitated. These harmful phases can be formed from ferrite when DSS are welded or worked
at improper high temperatures. Recently, a kind of economical DSS 2101 of typical composition Fe–
21.4Cr–1.2Ni–5.7Mn–0.23N–0.31Mo was developed and shows a wide application potential due to its
higher yield strength, better pitting corrosion resistance and lower cost than traditional 304 austenite
steel. However, limited research has been dedicated to studying the microstructure and mechanical
properties of DSS 2101. Especially research on the nature of precipitations and their effects on mechan-
ical properties in DSS 2101 was still lacking in comparison to many researches on the precipitations in
DSS 2205 and DSS 2507. In the present work, it aims at investigating how the precipitations can affect
the corrosion resistance of DSS 2101. Pitting corrosion resistance of samples aged at 700� in 1 mol/L
NaCl solution was evaluated by potentiodynamic polarization curve test. The electrochemical poten-
tiokinetic reactivation (EPR) test was also used to evaluate the degree of sensitization to intergranular
corrosion. Scanning electron microscopy (SEM) and optical microscopy (OM) were used to observe
the surface morphology after electrochemical tests. The results demonstrate that both the resistance

* 2awq��O{uF 50871031, 2a�℄OHAl\7o�uF 2005DKA10400–Z13 V�7��VG:puO{
0725nm004 B�7�ih��uF B113 vo ℄E�va : 2008–12–23,  ℄	��va : 2009–04–14~Tiy : 9 p, J, 1986 Q�, .��



�920 z�$���� g 45 Æ
to pitting (Eb) and intergranular corrosion (Ra) decreases with aging time increasing. Pitting nucleates
preferentially in the ferrite phase for the solution–annealed sample, while the initiation of pitting
corrosion takes place around Cr2N, in the newly formed secondary austenite for the aged specimen.
EPR tests conducted at room temperature are able to detect the sensitization to Ra due to Cr2N
precipitation. With increasing aging time, more Cr2N particles are precipitated at phase interfaces
and grain boundaries, causing a continuous decrease of resistance to intergranular corrosion.
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ondary austenite phase+q%��w>&��>=D1>%��yh9i, �(hfs��IÆ��;w&�#N(>F-),�/�7��<�F"�N�=O_e�& [1]. :� Nid�%tU	, X�~�)mV 304 ��>%����+q�uS��%��. P�K��, Outokumpu

Stainless $/� 2000 R�~G&(h�^uG�+q%�� DSS LDX2101[2], Uh+q%��C 304 e*%��q��=l�fs��Ii��N;��8>�fe9i, �=/�17d� [3].�R�, w+q%���	=&sU~R, Z�yUfNw DSS 2205 = DSS 2507 �	 [4,5], zw
DSS LDX2101 Q-w&�FC�7�NZh+e�	oqw4B. Wang e [6] w^S�+q%�� (Fe–

22Cr–10Mn–0.35N)Q-w&=<�~�&�	, ~lPn�)7 Mn = N ?V Ni z`^+qw&, !�%��l�fs ��IÆ��N ;. Merello e [7] �	&[h��s)x9fS�9�Y+q%��Ii��U, !L`&>|E1=Ii�N!Zh��+e�. Zhang e [8] �	& DSS LDX2101 N�eYs
(700 �) Æ|%HÆhBbGqCDNt�Zh+e.Z�, w�Æ|sJ�B DSS LDX2101 bGq<�Wbw-)Æ��N4toj=�_. j�+q%��N�Yg~�%�[sJ�BH8�yhbGq, z σq�γ2 q�χ q�:F`MYF`, U}bGq�\a+q%��t�U	sgr [9,10] ,!g�j4tb�Y�+�N. .K, �	 DSS LDX2101 N�M�75AfbGq<�Wbw-)Æ��N4t�=j#,-.�[/7mF��� [11] �	N 700 �gÆ|%HÆhÆbG`<�, Wbw DSS LDX2101Ii�=I�hÆ�N!4t.

1 )����7-)U 2101 +q%��, b>� (d#�(, %) U: C 0.03, Si 0.4, Mn 5.7, P 0.019, S 0.005,

Cr 21.4, Ni 1.2, N 0.23, Mo 0.31, Fe A#. "[CQU
10 mm× 10 mm×3 mm. 6="["iN 1050 �g)xJ� 30 min, rB,O)ÆW"[�J�. 5B, p"[N 700 �gÆ|%HÆh (3, 6, 30 = 120 min). �7n#|q��b)x9"[��>CD1>"q

��. U&-6-)Q-{[w&, pW.B"[N
7.6 mol/L KOH x'f~�mF�Æ�B, 7 LOM

4XC �.�kQ�= Phillips XL30 FEG �|�m�
(SEM) ~�-6./7rmXTFkn�4�"[i�mX. 4�x'U 1 mol/L  NaCl x', YsU (30±1) �. |�N
−300 mV ��x T�x|�, |�22U 0.5 mV/s,[Æ�m.;sK	!<5 100 µA/cm2 BL`Æ|�
60 s E^��. n-Æ�m.;sU 100 µA/cm2 Æ6w1mXUi�mX (ASTM G150–99(2004))./7rmXLKF��4�"[�hÆ�A��.4�x'U 33% H2SO4+ 0.1% HCl(d#�() I>x', x'YsU (20±1) �. ��dw"[�>~�/TTF)pÆb�/mXU −420 mV(f�xÆ�mX).rBN�/mX��, ) 2.5 mV/s 2s~� TTF|�, \^mXS^ 300 mV B, L)qH22Ox|�,\`�/mXÆE^|�. �7Ox|ULKFm.;s
Ir CVx|UKFm.;s Ia �℄ Ra(Ra = Ir/Ia)�n#℄d-)�hÆ�A�� [12]. mF�4�f,4#mX1�mTU�=�%mT (SCE).

2 )�����3
2.1 /�HFL 1a U 1050 �)xJ� 30 min "[�>�6,e}iDU��>, ?;Br�&N�}iDD1>f,7=-6^bG`8�. �7n#|q�4#`^��>>R�(U 48.5%, "q��t� 1�1, NzÆW&"[�=?;!�=IÆ��N [13]. L 1b U 700 �Æ| 120 min "[ SEM w. �j, bG`9i�&N��>CD1>qxJ, !xD1>L*�R. KO,ND1>L*$~l�#bG`. U&pnbG`h�, /7mF��m!w> XRD ��~��	, pnbG`n#U Cr2N

[8]. Zhang[8] ew Cr2N k��}iD (L 1b fkJ6�) ~�& EDS �b, ~lb Cr:#U 18.15%, f���>f Cr :#, F:=bU|M��>. .K, )�Æ|5An#~�bG5AU:

α → γ2 + Cr2N.

2.2 &:� 2101 ,6�>�	(<1�C8L 2 U%HÆ|"[rmXTFkn. :L�X,
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*Æ�, 5um�x T�xBÆ|�^E(XbÆ, Æ�m.HKrX�	!BÆQU, �CN"[�>~�℄9i�. w�6="[, TFknk�xFiPNU#�℄9m."r, Moayed = Newman[14]�	w4�Cb�r=	sC Tm�=YsPNw1+e. n-Æ�m.;sU 100 µA/cm2 Æ6w1mXUi�mX Eb, Eb Hf, -C~�i�hxHU [15]. � 1 f*G&��" Eb WxÆ�mX Ecorr.

. 1 (w8�5VM 700 �{ 120 min b 2101 *p$�� SEM v
Fig.1 Metallograph of DSS 2101 as–annealed (a) and SEM

image of DSS 2101 aged at 700 � for 120 min (b)

(γ2—secondry austenite)
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. 2 700 �f{$Gg�!bSEjm
Fig.2 Potentiodynamic polarization curves of DSS 2101

specimens aged at 700 � for different times

N� 1 �)�G, 5uÆ|Æh�;, Eb mnrf, -C"[Hy*~�i�; xÆ�mX Ecorr $5uÆ|Æh�;zrf, -CÆ|B"[�= UÆ�hx,C Eb 4�w4�500q
.L 3 �)x9"[�>i��6, �j, i�9i8�ND1>C��>qxJ, 5BxD1>qL�R,�C��>Ii�N!#��D1>. U�.U"[fj�>|E1z Cr, Ni, Mo, N N)xJ�5AN"qf�X�U%H, |g\abIi�N!%H. L 4 U
700 �gÆ| 120 min "[i��6, �j, i�9iN Cr2N k�8�, Z~�N|M��>�. |M��>qw���>=D1>z�, :�b Cr E1Y�, .KIi�N!7, i�H9iN�qJ8�. 5ui�~((�R, D1>q�M�, zN��>qJ#^z	, U� 1 700 �f{$Gg�!bSEjm
Table 1 Ecorr and Eb of DSS 2101 specimens aged at 700 �

for different times

Aging time, min Ecorr, mV Eb, mV

0 −158 326

3 −173 313

6 −185 263

30 −185 195

120 −186 105

. 3 (w8 2101 *p$���=�\8h�<\8h�q8b SEM v
Fig.3 SEM images of metastable pitting (a) and stable pit-

ting (b) of as–annealed DSS 2101
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. 4 700 �f{ 120 min b 2101 *p$���!�=�\8h�<\8h�q8b SEM v
Fig.4 SEM images of metastable pitting (a) and stable pitting (b) of DSS 2101 aged at 700 � for 120 min

. 5 (w8VM 700 �{ 30 min < 120 min b 2101 *p$���=�g�q8b�5
Fig.5 Metallographs of DSS 2101 specimens as–annealed (a), aged at 700 � for 30 min (b) and 120 min (c)(lyC)x9"[(a.

2.3 &:� 2101 ,6�>� ��(<1�C8�� EPR 4�w4�_3`GÆ|ÆhU 0, 3,

6, 30 = 120 min Æw1 Ra ℄� U 0.2%, 0.45%,

2.23%, 6.95% = 13.41%. Ra ℄HU, -C"[�hÆ�hxHCk, �� Ra ℄�)Vn"[N 700 �gÆ|%HÆh�hÆ�A��: )x9"[ Ra ℄t��
0, %PN�hÆ�hx; Æ| 3 min, :�bG`8�\a Ra ℄=6�	, Z�uf� 1%, %y)GlCk�hÆ�; [Æ|S^ 6 min Æ, Ra ℄K	^ 2.23%, "[��~��hÆ�; ZB, 5uÆ|Æh~((�;,bG`mnQy, "[fY�im(QU, Ra ℄$5Z	�. L 5 U"[)x9WÆ| 30 min = 120 min "[�>�hÆ�r9�6. :L�j, )x9"[�

>7=~��hÆ�; Æ| 30 min "[Nqx>~�&Ck�hÆ�; [Æ|S^ 120 min, "[~�&�j�hÆ�, 
> Ra 4�w4�500.

3 �#
(1) Cr2N bGw DSS LDX2101 Ii�N!=?U4t. :� Cr2N Nqx>bG, NbkR8�Y�|M��>, rf&-)�>i�_,mX Eb, �i� y*N|M��>�~�. 5uÆ|~�, i�mX

Eb %trf, "[i�hxQU. )x9 DSS LDX2101+q%��i�~�ND1>�, Æ|Bi�~�N|M��>�.

(2) mF�LKF� (EPR) 4�w4k�N�eYs (700 �) gÆ|, DSS LDX2101 +q%���hÆ�hx5uÆ|Æh�;zmnQ.
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