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Characterization of carbon diffusion behaviors of SDCM1 new hot working

die steel during tempering by in-situ resistance method
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Abstract: The diffusion behavior of carbon atoms of SDCM1 new hot working die steel during tempering from room temperature to 590 °C
was studied by using the resistance method, combined with the hardness measurementand microstructure analysis. The results show that
during tempering at 80-125 °C , the resistance deviation from linearly of the experimental steel decreases, the hardness reaches peak
value, this is mainly due to the diffusion of carbon atoms to dislocations, and the activation energy of the steel is 83 kJ+mol™'. During
tempering at 180-250 “C , the resistance deviation from linearly decreases slightly, this is mainly due to the nucleation of & carbides.
During tempering at above 300 °C , the resistance increases slowly with the increase of temperature, combined with transmission electron
microscopy (TEM) analysis, this is mainly due to the precipitation of carbides, the precipitation difference between Fe,C carbide and
alloy carbides can be judged by different evolution trend of resistance. When the tempering temperature increases to 590 °C , the resistance
of the experimental steel decreases sharply, this is mainly due to the large precipitation of isothermal carbides. The results show that the
resistance method can clearly characterize the movement, occupation, microstructure evolution and dynamics of carbon atoms of the
SDCM1 new hot working die steel during tempering, is an effective means of research.
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Fig.2 Resistance-temperature curve of quenched SDCM1

steel during tempering from room temperature to 590 °C
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Fig. 3  (a) Curves of resistivity verse time for quenched SDCM1 steel during isothermal aging at 80, 100 and 120 °C ; (b) changes of

the precipitationvolume fraction of precipitates verse time of quenched SDCMI1 steel during isothermalaging at 80, 100 and 120 °C
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(a) Curves of resistivity verse time of quenched SDCM1 steel during isothermal aging at 180, 200, 220 and 250 C ;

(b) activation energy of the quenched SDCM1 steel aged at 180-220 C
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Fig. 8 TEM morphology of quenched SDCM1 steel after tempering at 350 C

(a) bright-field image; (b) dark-field image of (a) and carbide diffraction pattern
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Fig. 10 TEM morphology of quenched SDCM1 steel after tempering at 550 °C

(a) bright-field image; (b) dark-field image of (a) and carbide diffraction pattern

Bl 11 5 SDCM1 £N7E 590 °C /= i [ ot e v
FHL Bifi 5 45 3L A ) ) iE ) 5 B o 2 T R A v Ak o AR
T8 3o 3% G HL B XS 590 °C 1] K J5 SDCM1 X ) 3 W 45

HEAT AT, UL IET 12, AT LA WA b X %€ B0 Al 2% 1 1 B T
AR IR A 6 18 Bk 1A L R R A3 A 1 B ik

Y, X —25 R — A UE I SDCMU (] i B R Ak
G & A B o B e A O 8RR B, A
300 C LA R BAL P BT 4 B B, Fe, C AT HY (il JiE 5 B
%) M (FeCr) ,C (B )5+ 5 A 4 s+ [8) B B ) P A~
AN A AR AT Ry, 5 B304 A 1 W 28 38 AL T B R )
% O R (81 52 AT DA A L 2R A s B R R AT
LT SDCM1 4M 3 i 2= 590 °C T A 8] 35 By
Bor) AR B g 2 ok FE R B G AL 45 S R TROUE 2 4R
AT, FRATTHE SDCMT A9 7E AN [7) 1 B DX 36 7 Al Ji - i
Bl A SRR AR AT SR g BEL R Ak ST T DD A G

Temperature=390 'C
0.018 i

0.017f

0.016F

Resistance/(2

0.015F

0'0]40 500 1000 1500 2000 2500 3000

Time/s

Bl 11 SDCM1 4K 590 °C v i [ J Aot it 25 I e B2 A il £k
Fig. 11

Variation curve of isothermal resistance of the

SDCM1 steel during high temperature tempering at 590 C
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Fig. 12 TEM morphology of quenched SDCM1 steel after high temperature tempering at 590 C

(a) bright-field image; (b) dark-field image of (a) and carbide diffraction pattern
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