I 502

i g 3L

$% & 48 Tetsuto-Hagané Vol. 90 (2004) No. 7

#ETAHOEEBE S Y8, 2 EaTHEBORER

MY EZE* - WERE ROMEt - MOE O REE? - ARY

55

Effect of Silicon Content and Prior Structures on Microstructures of Nitrided Hot Working Tool Steels

Masahide UMINO, Tomoaki SERA, Yasutaka OKADA and Harushige TUBAKINO

Synopsis : Microstructures of nitrided hot working tool steels SKD61, with various silicon contents and prior structures, were investigated by transmis-

sion electron microscopy of extraction replicas, X-ray diffraction, electron probe microanalysis and microhardness measurements. Plasma ni-

triding was carried out at 773K for 126 ks.

Any alloying nitride precipitates such as CrN that was previously reported for Cr-alloyed steels were not identified for nitrided specimens.

After reheating to 973K, hardness of nitrided layer was decreased accompanying CrN precipitates. Effect of silicon content on hardness was

relatively small both of as-nitrided and after reheating. Depth of nitrided case and hardness after 973K reheating decrease with silicon con-

tent. Nitrided hardness of quenched specimen was higher than that of annealed one. Grain boundary carbides in diffusion zone and a carbon-

enriched zone ahead of the nitriding front were also observed for both of quenched and annealed specimens.

Key words : tool steel; nitriding; microscopy; silicon; chromium; extraction replica.
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Table 1. Chemical compositions of hot working tool steels
used (mass%).

Steels | C | Si [ Mn P S Cr| Mo | V Al N
51 0.38| 0.11] 0.39{ 0.006] 0.001{ 5.08} 1.38| 0.67| 0.017] 0.003
52 0.38| 0.34| 0.40] 0.006{ 0.002] 5.06( 1.36] 0.66| 0.021] 0.002
53 | 0.39] 0.92] 0.39] 0.006{ 0.002] 5.05] 1.35| 0.66] 0.024| 0.002
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Fig. 1. Microstructures of plasma-nitrided hot working tool steels observed by SEM.
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Fig. 2. Hardness distribution of plasma-nitrided hot work-
ing tool steels. (a) As quenched specimens. (b) An-
nealed specimens.
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Fig. 3. Hardness distribution of nitrided layer of 0.11% Si
steel after reheating at 873, 923 and 973K.
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Fig. 4. Influence of silicon content and prior structures on
maximum nitrided hardness.
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Fig. 5. EPMA line analysis of plasma-nitrided hot working tool steels.
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Table 2. Depth of nitrided layer measured by EPMA (A) and Vickers hardness (B).

Diffusion depth
of nitrogen (mm)

(A)

Si (%) Specimen

Practical depth of
nitrided case (mm)

Carbon enriched
zone
(mm)

®-A)
®) (mm)

0.11| As quenched 0.24

0.29 0.05 0.04

Annealed 0.23

0.29 0.06 Not clear

0.92{ As quenched 0.20

0.23 0.02 0.07

Annealed 0.20

0.23 0.02 Not clear

Si
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Fig. 6. EPMA mapping analysis of annealed specimen of
0.92% Si steel after nitriding.
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Table 3. Precipitates of nitrided layer and core detected by SAD and EDX analysis.

Si (%) Specimens 0.05mm Depth 0.20mm Depth Unnitrided core
0.11] As quenched M;C, MC M;C, MC M,C, MC
Annealed M,;Cq, M,C;3, MC M,3C¢, M,C3, MC M,;Cs, M,C;, MC
0.92! As quenched M,C, MC M,C, MC (Not analyzed)
Annealed M,C;. MsC, MC M,C,, MgC, MC (Not analyzed)

Fig. 7. Extraction replica images of as quenched specimens after nitriding. (a) 0.05mm depth from surface. (b) 0.20 mm depth.
(c), (d) Unnitrided core. (a)—(d) 0.11% Si steel. (e) 0.20 mm depth from surface of 0.92% Si steel.

5um

Fig. 8. Extraction replica images of annealed specimens
after nitriding. (a) 0.05 mm depth from surface. (b)
0.20mm depth. (c¢) Unnitrided core. (a)—(c) 0.11%
Si steel. (d) 0.20 mm depth from surface of 0.92%
Si steel.
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Fig. 9. Extraction replica images of nitrided and reheated
specimens. Reheated at 973K for 21.6ks. (a)
0.11% Si steel. (b) 0.92% Si steel.

BPERTBEHEEIN TS, 19CrR ATV L XY,
42032 (12% Cr) 'O & & Crilfi & %5 5 & XHREHT TN &1L
MBREEIN TS, BH, BC-ENOYILF ¥4 b
AT YV AHTIRAERL - B TE CIND A
TEM THEE I h T3 7,

ZZTC, st AN T B HERT S D, X
B TCONABRE I N TS 11% Crid 2 Tty 7
) A DTEMBE 21T - 7=, Hli¥IO TEMBIERR % Fig.
12127774, BbIck D CONOWH ZMEREL 7=, 11% Cr
$DIBA, HK 1,000nm DR K Z £ 1 & 20~70 nm D %
M Z AT B AIRTEL Tz, BARAIC11% Crild DS {biE
Z 13 1050HV & SKD61 & [EF L NI Th -7z,

X 5120.92% SiFIQREBH DE{bEBA L HHA 4 v ¥ —



Bright field image

EDX spectrum
Measured
value ASTM(11-65) CrN
dA dA T
2.39 2.394 80 111
2.01 2068 | 100 | 200
1.42 1.463 80 220
1.24 1.249 60 311

SAD

Identification result

Fig. 10. Extraction replica image, EDX spectrum and se-
lected area diffraction pattern (SAD) of nitrided

and reheated 0.11% Si steel.
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Fig. 11. Extraction replica image, EDX spectrum and se-
lected area diffraction pattern (SAD) of nitrided

and reheated 0.92% Si steel.

Fig. 12. Extraction replica image of nitrided 11% Cr steel
(11%Cr-0.4%Mo-2%W-1%Cu—-Nb-V steel).
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Fig. 13. Thin film TEM image and SAD pattern of nitrided
0.92% Si steel sectioned by FIB method.
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