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ZBVpbzr SS400 pxuI�L��%^
8U=Y�8�C.Q
8Uvi,��8�C^℄=Y�S��U�EF
pxuI8�Cr-;k SO2 no
M��<��`��z3BVE��LH{<��4�������&:bKD#�+.Q
8U=Y8�C�2��`xvJLpxI�2��:JV
CFX�
2 ��RP�4BV�I	M� SS400 pxuI`i?��N�&W4 �mass%
 `�C 0.12∼0.20Mn

0.6∼0.90Si≤0.30%S≤0.030P≤0.030�3i?�ZNW 10 mm×10 mm×3 mm �#;�l�FiLh`[̀  q0Jf_use7�eE�QX
Fe-O�Xh�570�`Xs+,g�{$pg�L_ 570 ��hK$	�,	W Fe2O3, Fe3O4 s
FeOqShm�vi,��~?!�=Y{8�g�hL�8�3PZ�8�C��Q�r�W�8�CzwNZ �?K�4%d8�g�`
600�8��(` 35 minvi,�41`:�vi�,`vi�6ljv�E��LH{<��4HRBV BNF-I �LH{<��4��4uCg�` 45� ±2��8g���` 70 � ±10 ���4-;SArSx (SO2)�<��4uC` 0.01 mol/L NaHSO3pH �`
4.4∼4.8�*
�L` 60 min±3 minN�H{�(` 12 min±1.5 min<�B;�L41` 24 h�48
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1996 d".0 [4] E��V��&!98U=Y8�C�<�6�V ADVANCE-D8 � X ��3�H� EDS 4s8Uvi,�x�W�8�C�;WB' 4XB-TV �C��^Os QUANTA200��)�O℄I8�C�<'=Y�<�W��/'�#�g��V PARSTAT2273 <���&D#vW�8U8�CpxuIE����s6�:bKD#��4V~��LvK6��`;'���sGW�� (SCE) `C)��u8�C�#;`.Q�����&D#�uCY4sg� NaHSO3 s��1��>�` 0.01 mol/Lg�` 25 ���'�` 1 cm2���f���D���)6�`
0.5 mV/S�:bD��VE��Q4sZ#�FRA
:bKD#�E�)_` 100 kHz∼10 mHz6��q�+��:` 5 mVD#�f`#;r 0.01

mol/L NaHSO3 uC��`��f��4�:b.XY Nyquist s Bode XK��V��h.xq)-.X3�V EQUIVCRTz.�����E�;xs4s�
3 g\��n
3.1 E�y�IV�^rK"�eY8Uvi,�x?�pxuI8�C�<'�#�X 1
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XRDXK�h-8Uvi,�x?�pxuI�8�CP�3�6�X�8Uy^k℄ Fe3O4�Fe2O3s Fe�N� Fe3O4��3�6�37◦57◦62◦
X�^9r:�vi?�8�C� Fe3O4 �3�6X�=rNk�=��6ljv?�8�C� Fe3O4 3�69�Nk�)NA��8�C�=��:�vis,`vi?�8�C� Fe �3�6X�9L"6ljv?�8�C� Fe �3�6X�9��Y

Fig.1 Cross-section morphology of oxide scales formed

on the strip by different cooling methods (a) fur-

nace cooling, (b) jar cooling, (c) air coolinghh-8Uvi,�x?�pxuI�8�C^$=Y Fe3O4 ;W�k℄ Fe2O3 s Fe�:1vi6��+�8�C� Fe3O4 �k�v$yd$�℄ FeO�600��W�Lg FeOr9�g�x�<570�
b_,l�/BrvihZ��Sh{XssXs(Q� Fe3O4 s Fe +, [6∼10]r�$�vihZ���8h:M� FeO � Fe3O4 �+,3[:1vi6��+"��+,�lU	 [11∼13]�k Fe-O v� ∆Gθ-T X [14] h��600 �g�xLg� FeO�l�nrbez{P"r 600��W�
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FeO ��℄f+,W Fe3O4 s Fe�kX 1a h�, :�vi?�8�C4`�G=Y�h8�C#GE�:K4s (/ 1)��[G8�C�k8��L_8G8�C��k8��I�
Fe2O3�Fe3O4 ��� O ���4. (30%�27%) si44. (60%�57%)��/ 1 ��.Xhk�[G8�C` Fe2O38G` Fe3O4�"Xs(Qs^� Fe nr_ Fe3O4 G�?K=xX 1a �X 2 4sh�:�vi?�8�C�Y[Gz�� Fe2O3Gs8Gz|� Fe3O4+Fe ;W�
3.2 E��^ry�IVKU}| S	X 3 `8Uvi,�x?�pxuI8�Cr
0.01 mol/L NaHSO3 uC�E��H����.Xa<��(�\v��h�rU;�<��(8:�vipxuI�<���=�,`vi�<���9r6ljv�<���=r�X 4 �8Uvi,�x?�pxuI8�Cr
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Fig.2 XRD patterns of oxide scales formed on the strip

by different cooling methods (a) furnace cooling,

(b) jar cooling, (c) air cooling

Table 1 Components of oxide scales prepared by furnace

cooling

layer mass% at.%

Fe O Fe O

a (outer layer) 68.62 31.38 38.45 61.55

b (inner layer) 71.84 28.16 42.16 57.84
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Fig.3 Mass loss of hot rolled strips prepared by different

cooling methods as a function of corrosion time

<� 96 h ��/'�#�℄
(Q
8U=Y8�C2���KO�SEM$�e`<�Mq�6ljv#;�℄z�r"��<�i&&!!4:r/'�<�iIL�WE-#;'<���{-� (X 4c)�":�vi#;�u�℄9��<�i<���9℄/'���9℄� (X 4a)�PhYX 3sX 4 h�pxuIr:�vix�%�8�C2��=o,`viNi�X 4b
6ljv=K�pxuI8�C2���8Uh:�YKx�OiPtW��(1) 8�C	Q�vihZ�M	�Q�r�h:℄�8�C�g�����g��Z��38UZ�
S�<��E��6ljvY_

Fig.4 Surface morphology of hot rolled strips prepared

by different cooling methods after 96 h dry-wet

periodic immersion test

(a) furnace cooling, (b) jar cooling, (c) air cooling
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Fig.5 Polarization curves of oxide scales formed on the

strip by different cooling methods in NaHSO3 so-

lution

Table 2 Corrosion potential and current density of oxide

scales prepared by different cooling methods in

NaHSO3 solution

cooling methods Ecorr /V(vs·SCE) icorr /A·cm−2

air cooling -0.651 7.518×10−5

jar cooling -0.623 6.531×10−5

furnace cooling -0.596 5.521×10−5

:�vi#;�<�6�=��4s/+:�vi?�8�Cr NaHSO3 
M�=2�Ni`,`vi6ljv#;�2��=K��aE��LH{<�#4�^���E��
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Fig.6 Impedance diagram of SS400 hot rolled steels cov-

ered by oxide scales prepared by different cooling

methods (a) Nyquist plots, (b) Bode plots of phase

angle, (c) Bode plots of log|Z|
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Fig.7 Charge reaction resistance (R1) of oxide scales

prepared by different cooling methods in NaHSO3
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INFLUENCE OF DIFFERENT COOLING METHODS ON

CORROSION RESISTANCE OF OXIDE SCALE

STRUCTURE OF HOT ROLLED STRIP

ZHOU Xianliang1,2, ZHU Min1, HUA Xiaozhen1, YE Zhiguo1, CUI Xia1, ZOU Aihua1

(1. School of Materials Science and Engineering, Nanchang Hangkong University, Nanchang 330063;

2. Key Laboratory of Nondestructive Test, Ministry of Education, Nanchang Hangkong University,

Nanchang 330063)

Abstract: Different structures scales were formed on the surface of SS400 hot rolled strip with different

cooling methods. Corrosion behaviors of hot rolled strip with different oxide scales were investigated in sodium

bisulfite solution by SEM, EDS, XRD, accelerated cyclic wet-dry immersion corrosion test, polarization curves

and electrochemical impedance spectroscopy (EIS). The results showed that three kinds of oxide scales prepared

by different cooling methods mainly consisted of Fe3O4, as well as a spot of Fe2O3 and Fe. The content of

Fe3O4 increased with cooling rate reducing, but FeO was not detected. Oxide scale prepared by furnace cooling

on the strip consisted of the outer Fe2O3 layer and the inner Fe3O4+Fe layer, and its thickness was more thick

and homogeneous than the rest scales. Oxide scale prepared by jar cooling was homogeneous, but that prepared

by air cooling had a lot of defects. Corrosion resistance of strip prepared by furnace cooling was best in 0.01

mol/L sodium bisulfite solution, but that of strip prepared by air cooling was worst.

Key words: cooling method, oxide scale, corrosion behavior, corrosion resistance


