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Table 4-1 Chemical composition of steels (mass %) 

S t e e 1 C Si Mn S Al N 

S 1 O. 093 O. 53 1. 52 0.0100 O. 053 O. 0015 

S2 O. 095 O. 53 1. 52 0.0200 O. 056 O. 0015 

S3 O. 100 O. 54 1. 49 0.0560 O. 052 0.0024 

S4 O. 098 O. 54 1. 48 O. 1100 O. 051 O. 0016 
.... ..... 

S5 O. 100 1. 62 1. 53 O. 0130 O. 055 O. 0010 

S6 O. 100 1. 62 1. 54 0.0220 O. 057 0.0008 

S7 O. 100 1. 62 1. 51 0.0560 O. 052 O. 0012 

S8 O. 100 1. 63 1. 52 O. 1100 O. 052 O. 0010 

Ni:"'0.020% 

Specimen spray 

Fig. 4-1 Schematic illustration of experimental procedure. 
The slabs were heated at 1220 or for 2h i n an 

of 77.1%N2+14.3%H20+8.6%C02. After 1 pass 
rolling , 'the slabs were oxidized in air for 40s before 
the secondary descaling. Descaling pressure was 15MPa. 
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Table 6-1 Chernical composition of steels (rnass %) 

C Si Mn P S 

O. 0495 O. 02 O. 29 o. 020 O. 007 
O. 0484 o. 02 o. 29 0.018 O. 006 
O. 0505 O. 02 O. 30 O. 020 O. 006 

(a)Test piece for oxidation 

25 

So l. AI 

O. 033 

O. 03.+ 

O. 034 

25 

N 

o. 0078 
0.0076 

0.0062 

(b)Test piece threaded for hot tensi le deformation 
2-1112 

Cu Ni 

o. 51 o. 001 
O. 51 O. 023 

O. 51 O. 250 

Fig.6-1 Test pieces for oxidation and hot tesile deformation. 

Oxidation 

'200.C 

'150.C 

'100.C 

for 2hrs 

in Air or Ar 

Tensile deformation 

1 min 

-1 O.8X10'-s 

at 1100.C in Ar 

Fig.6-2 Experimental conditions for investigating hot 
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50%Cu-0. 001% 

50%Cu-0. 

50%Cu-0. 

50%Cu-0. 2 

50 00 

O. 50%Cu-0. 
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e 

1 c m 

Fig. 6-3 Effect of oxidation temperature on the of test pieces of 

the Cl(O.50%Cu-0.001 %Ni) after oxidation and ductile tests. 
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Fig. 6-4 Effect of oxidation temperature on the appearance of test pieces of 

the C2(0.50%Cu-0.023%Ni)after oxidation and ductile tests. 

(a)13000C (b)12500C (c)1200oC (d)1150
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C (e)1100
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Fig. 6-5 of oxidation temperature on the appearance of test pieces of 

the C3(0.50%Cu-0.25%Ni)after oxidation and ductile tests. 
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Fig. 6-6 Effect of oxidation temperature on the morphologies near the scale/steel 

interface of the C1(0.50%Cu-0.001 %Ni) after oxidation for 2h in air 

at (a)1300 0C , (b)12000C and (c)llOOoC. 
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50 

50%Cu-O. 

023 

Fig. 6-7 SEM Back scattered electron images of fractured surface of the C 1 after 

oxidation at 12000C for 2h in air and ductile test at 1100oC. 
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Fig. 6-8 Effect of oxidation temperature on the morphologies near the scale/steel 

interface of the C2(O.50%Cu-O.023%Ni) after oxidation for 2h in air 

at (a)1300 0C , (b)12000C and (c)1100oC. 
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Fig. 6-9 Effect of oxidation temperature on the morphorogies near the scale/steel 

interface of the C3(O.50%Cu-O.25%Ni) after oxidation for 2h in air 

at (a)1300 oC , (b)1200oC and (c)1100oC. 
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