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scale will tranformed to eutectoid structure in which 
FeO grains will be surrounded by Fe2SiO4. The FeO 
particles could be tightly sticked on the slab surface by 
the solidified eutectoid structure, which is difficult to be 
removed by descaling. The residual FeO will be squashed 
by following hot rolling process, leading to the increase of 
contact area with oxygen and giving rise to the red Fe2O3 
phase[5, 6]. In the range of 700~1,000°C[7], with higher Si 
content, oxidation mass gain and scale thickness of the 
steel with high Si content are both reduced because of 
improved oxidation resistance. At present, some papers 
focusing on oxidation behavior of Cr-Mo in stainless steel 
and heat-resistant steel at elevated temperatures. Chen 
WY found that Cr2O3 protective oxide film accumulated 
at the strip surface of 3Cr13 stainless steel, in which the 
Cr content is about 13.46%, significantly improveing anti-
oxidation properties[8]. Zhao Q H concluded that the SiO2 
and MnCr2O4 oxide film was formed under 1100°C and 
SiO2 oxide film adjacent to metal matrix can obviously 
decrease the oxidation mass gain rate basing on one kind 
of ferritic heat resistant steel[9]. However, few reports have 
been publised focusing oxidation behavior of the cold-
rolled dual-phase steel at elevated temperature, basing 
on C-Mn-Cr/C-Mn-Cr-Mo system. For the oxidation 
behvior of Mo element, it is reported that Mo element is 
easy to be oxidized in air when the temperature is heated 
up to 300°C. When the temperature increases up t0 600°C 

and above, Mo will be oxidized to volatile oxides with 
dark green color. Xie Hong-bo studied the influence of  
Mo on oxidation behvior of high-entropy alloy at elevated 
temperature and found that the oxidation resistance was 
seriously deteriorated because of volatile Mo oxide[10]. In 
the referenced papers listed above, the content of Cr/Mo 
in mass percent is around 10-20%, the scale of given steel 
grade mainly consists of compact single-layer oxidation 
film. However, the Si/Cr/Mo content in cold rolled dual-
phase steel range from 0.2~1.15%, the interreaction of Si-
Cr-Mo on oxidation behavior should be interesting and 
not be neglected. 

In present work, the interreaction of Si-Cr-Mo elements 
on oxidation characteristics at scale/metal interfacei of 
dual-phase steel are studied. In addition, the effect of 
alloyed elements on coil surface quality under industrial 
production condition is also discussed, which can provide 
useful guidance for production of dual-phase steel.

EXPERIMENT METHOD
Three types of composition are designed for present 
study. The first sample contains1.15%Si without Cr-Mo; 
the second sample contains 0.55% Cr and 0.2% Si without 
Mo; and the third sample contains 0.2%Si in combination 
with 0.2% Cr and 0.25%Mo (as shown in Tab. 1). 

The oxidation behavior of given three steels are studied 
under two different temperature ranges by STA449C type 
thermo gravimetric analyzer. To simulate the oxidation 
behavior in reheating furnace, the samples were heated 
up to 1250°C in the atmosphere contains 10% CO2,5% 
O2 and other argon gas. The samples were heated under 
given heating rate of 10°C/min and were kept for minutes 
under aimed temperature. Secondly, we simulated the 
oxidation during hot rolling process in the temperature 

range of 900-1150°C. In order to oxidation behavior 
during hot rolling process, the samples were heatedJ
0type given heating /nd w old roll6t 
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As shown in Fig. 4, energy spectrum analysis of the 
oxidation particles was applied at the interface of steel 
No.1 and steel No.2. The Si content in the band of molten 
Fe2SiO4 is as high as 10-13%. Meanwhile, with the internal 
oxidation of Mn, a series of oxides of low melting point 

are formed. With increase of Cr content and decrease of 
Si content, the width of the molten band decreases. It is 
inferred by the energy spectrum analysis that competition 
oxidation mechanism resuts in the complementary 
relationship between Si content and Cr content in scale.

Oxidation scale morphology of steel 3 is given in Fig. 3. 
The mesh structure in the scale of steel No.3 is significantly 
weakened compared with steel 2, especially in the 
inner oxidation layer adjacement to matrix. The mesh 
scale almost disappeared. Complementary relationship 
between content of Cr and that of Si element in oxidation 
scale. In steel 3, the content of Cr and Si element are 

both about 0.2%. According to the free energy rule, 
Si is oxidized earlier than Cr, inducing Si-rich in oxide 
particles. Mo-rich layer distributed in the metal matrix 
around scale/metal interface, the depth of which is the 
same with internal oxidation zone. Mo is not involved in 
the formation of the internal oxide particles.

Fig.2 - The element distribution of Cr – Si in oxidation film of steel 2.
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