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Quantitative Analysis of Metallographic Characteristics
with Austenitizing Temperature in STD 11 Steel
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Abstract The effect of austenitizing temperature on the degree of carbides re-solutionizing, mean graine size,
hardness and the volume fraction of retaind austenite (V,) etc., has been studied by means of metallography, X-
ray diffractometry and hardness measurement in STD 11 tool steel. As austenitizing temperature increases, the
amount of alloying elements which is re-dissolved into matrix increases, resulting in increase of V,, due to the
chemical stabilization of austenite. The Vickers hardness value decreases with increasing austenitizing tempera-
ture, which is attributed to grain size as well the volume fractions of Vy and carbides. Theoretical diffraction inten-
sity of (200) o, (211) o' (200) y and (220) y peaks obtained by CuK, chracteristics X-ray (A=0.15429 nm) was
calculated, and quantitative analysis of V, could be carried out by X-ray diffraction method. The resultant value is
well coincided with the value obtained by image analysis method. When the quenched specimen is tempered
above 200~400°C for 30 min, the transition carbides i.e., MC and M,C in the size of about 20 nm begin to pre-
cipitate at 300°C.
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Key words : STD 11 steel, Austenitizing temperature, Retained austenite, Metallographic characteristics, X-ray
diffractometry
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Fig. 1. FESEM micrograph of as-received STD 11 steel.

Table 1. Chemical composition of the alloy used in this study (wt.%)

C Si Mn P S

Cr Mo Cu A% Fe

1.472 0.241 0.250 0.025 0.001

0.175

11312 | 0.829 0.141 0.248 Bal.
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Fig. 2. Xray diffraction patterns (20=40°~85°) of as-
received STD 11 steel.
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Fig. 3. FESEM micrographs and mean grain size (D) of STD 11 steel with austenitizing temperature; (a) 1,020°C x 40
min, (b) 1,040°C x 40 min, (c) 1,060°C x 40 min and (d) 1,080°C x 40 min.
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Fig. 5. X-ray diffraction patterns (20=40°~85°) of STD
11 steel with austenitizing temperature.
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Table 2. Measured relative intensity of o' martensite and austenite obtained by x-ray diffractometry

e . hkl hkl
Austenitizing I, I
temperature (°C) (200) 211 (200) (220)
1,020 105.3488 189.1210 39.4452 18.5662
1,040 104.2559 186.0705 40.9572 20.9050
1,060 92.7285 165.3297 77.9318 39.8359
1,080 77.2004 137.5242 109.7734 56.1525
Table 3. Calculation of theoretical integrated intensity of (200)a, (211)a, (200)y and (220)y
hkl 0 51}1‘—9 —15 P |F|? LP f M R
vV
200)a' 32.02 0.34 0.001803 6 1168.3 4.999 17.09 0.9195 58.09
21D 40.71 0.42 0.001803 24 910.8 3.1701 15.09 0.8807 110.04
(200)y 25.21 0.28 0.000459 6 5655 8.5655 18.8 0.9473 126.48
(220)y 37.23 0.39 0.000459 12 3999.3 3.6774 15.81 0.8965 72.69
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Fig. 6. Change in the volume fraction of retained
austenite of the STD 11 steel austenitized with
austenitizing temperature.
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