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Abstract A comparative study was performed on the microstructures and the mechanical properties of STD11
and 8Cr steel. The specimens were quenched from 1030°C and tempered at 240°C and 520°C. Vickers hard-
ness, impact toughness and tensile tests were conducted at various tempering temperatures. Microstructural
characterization to measure grain size, volume fraction of retained austenite and distribution of carbides was car-
ried out by using SEM, EBSD, TEM and X-ray diffraction techniques. Due to finer M,C, carbides dispersed, 8Cr
steel showed larger impact toughness and plasticity than STD11 irrespective of the tempering temperature. While
8Cr steel had lower hardness in as-quenched state and after tempering at 240°C owing to smaller carbide con-
tent and more retained austenite, it was harder after tempering at 520°C due to larger precipitation hardening

from finer M,;Cs.
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Table 1. Chemical composition of STD11 and 8Cr steel (Wt%)
Alloy C Si Mn Cr Mo w \Y
STD11 1.55 0.26 0.30 11.36 0.81 - 0.20
8Cr steel 1.00 0.98 0.55 8.36 0.97 0.40 -
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Fig. 1. Shape and size of used specimens: (a) C-notched
Charpy impact specimen and (b) tensile specimen(All
dimensions in millimeters.).
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Fig. 2. Mechanical properties of STD11 and 8Cr steel:
(a) Vickers hardness and (b) impact toughness as a
function of tempering temperature.
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steel with respect to tempering temperature.
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Fig. 4. Equilibrium phase fraction calculated by
ThermoCalc software: (a) STD11 and (b) 8Cr steel.

Fig. 5. As-quenched microstructure of: (a) STD11 and (b) 8Cr steel.

Table 2. Tensile properties of STD11 and 8Cr steel
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Table 3. Characteristics of carbide size distribution according to SEM magnification
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Alloy Magnification Carbide fraction (%) Averagezr;z;ﬂ?de size Max1mur(nmcrzr111;b1de size
x 500 6.59 2.61 18.53
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' STD11
(e} 5 8Cr steel Table 4. Volume fractions of retained austenite according
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Fig. 6. Distributions of carbide size at: (a) x 500 and (b)
x 5000.
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Fig. 7. EBSD phase maps and phase volume fraction: STD11 (a) tempered at 240°C, (b) tempered at 520°C; 8Cr steel

(c) tempered at 240°C, (d) tempered at 520°C.
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Table 5. Characteristics of carbide size distribution in
the specimens tempered at 520°C via TEM

Average carbide | Maximum carbide
Alloy . .
size (nm) size (nm)
STD11 29 112
8Cr steel 14 67
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A

Fig. 8. Evolution of microstructure: as-quenched (a) STD11, (b) 8Cr steel; after tempering at 240°C (c) STD11, (d)
8Cr steel; after tempering at 520°C (e) STD11, (f) 8Cr steel.

Fig. 9. Distribution of secondary carbides (STEM DF image) in the specimens tempered at 520°C: (a) STD11 and (b)
8Cr steel.
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Fig. 10. Transmission electron micrograph of specimens tempered at 520°C: (a) BF and (b) SADP of a secondary
carbide in STD11, (c) BF and (d) SADP of a secondary carbide in 8Cr steel.
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Fig. 11. Size distributions of secondary carbides in
STD11 and 8Cr steel tempered at 520°C.
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Fig. 12. Fracture surfaces of tensile specimens after tempering at 520°C: (a) STD11 (the circle denotes initiation site
of fracture), (b) 8Cr steel, (c) initiation site of fracture in STD11, (d) initiation site of fracture in 8Cr steel.
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