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Understanding carbonitriding
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low-alloy steel Surface enrichment in * High surface compressive
23MnCrMo5 both C and N residual stress

Gear and bearing applications * High surface hardness

» What are the phase transformations happening during the treatment sequence?
= What is the influence of the added carbon and nitrogen?
= What is the influence of the transformation temperature?
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Materials & HT

23MnCrMo5 base alloy (wt. %)

C Mn Cr Mo Si Ni

0246 121 1.31 0.1 0.237 0.184
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Enriched samples

Gas / solid reactions at 900°C:
CHyg) = Crre + 2 Hyg)

List of samples:

wt. % C
Alloy (+ 0.04 %)

Base alloy 0.23
C Carburized 0.57
N Nitrided 0.12

Carbonitrided 0.65

Thermobalance

Institut Jean Lamour, Nancy

wt. % N
(+ 0.07 %)

0.26
0.25

550 + 25
500 + 25

400 < B < 500

260

205
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As-quenched

Carburized |

* Martensite + RA \I
* No secondary phases

light micrograph
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Isothermal
Kinetics @ T > Bg

Dilatometry, 600°C
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» 2-stage kinetics .
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Finer microstructure
Nitride stimulated nucleation?
Enhanced transformation rate
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Nitrided
Transformed @ T > B¢

N, 650 °C, 3 h
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Nitrided
Transformed @ T > B¢

N, 650 °C, 3 h

BF STEM

ADF STEM

EDS map
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Nitrided
Transformed @ T > B¢

N, 650 °C, 3 h
HV 39, = 250
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TA 900°C 900°C

Nitrided e

Transformed @ T > Bg
N, 650 °C, 3 h —

ADF STEM
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Nitrided

Transformed @ T > Bg
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* Fast nucleation of * |Increased incubation * |Intermediate rate

bainitic ferrite * Slower rate *  Nucl. and growth of ferrite
Growth of CrN

« Complete trans. Nucl. and growth of cementite



Carbonitrided
Transformec
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Carbonitrid 0
Transton =

CN, 200 °C, 3 I
HV 340, = 700

17 October 2024

Yy

,v;,
& &
R

Orientation map

.iwa; s 1’."‘

2y B

Ay
Innovative & Sustainable Metallurgy

g ;F‘.;
ah

200 nm




Carbonitrided
Transformed ¢
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Conclusion

T > B
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