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Influence of Cr and Al on the Properties of Nitrided Cases of Steels

Nobukazu Suzuki and Ken-ichird Narro

Synopsis :

Influence of Al and Cr on the properties of nitrided cases was studied for JIS-SACM645, SCM440 and SKD61 steels

under as-nitrided (793K-216ks) and reheated (773 to 973K-3.6ks) conditions, using hardness measurement and X-ray

diffraction analysis.

Hardness and residual stress distribusion in the nitrided case did not change under as-nitrided condition and reheated
condioion at 873K for 3.6ks after nitriding for any of the three steels. SCM440 and SKD61 steels, containing Cr, showed
good correlation between hardness of nitrided case and lattice strain induced by nitrogen atoms, while SACM645 steel,
containing Al, showed no correlation. The hardening mechanism of nitrided case therefore differ between Cr containing

steel and Al containing steel.
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Table 1. Chemical composition of steels used
(mass%).
steel C Si Mn Cr Mo \' Al
SACM645| 0.46 0.34 0.54 1.50 0.16 — 1.06

SCM440 | 0.41 0.28 0.77 1.08 0.16 - -
SKDé61 0.36 0.89 0.44 5.06 1.20 0.81 —
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Fig. 1. Effect of reheating temperature on the hard-
ness profile for steel SACM645 nitrided at
793K for 216ks.
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Fig. 2. Effect of reheating temperature on the hard-
?essz%ﬁfile for steel SKD61 nitrided at 793K
or s.
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Fig. 3. Surface microstructures of a) as-nitrided, b) 873K reheated and c) 973K reheated each steel nitrided

at 793K for 216ks.
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Fig. 4. X-ray diffraction pattern from the skin of
steel SACM645 reheated at 873K for 3.6ks
after nitriding.
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Fig. 5. X-ray diffraction pattern from 50um below
the surface of the specimen illustrated in
Fig.4.
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Fig. 6. Residual stress distributions of the speci-
mens illustrated in Fig.l.
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Fig. 7. Residual stress distributions of the speci-
mens illustrated in Fig.2.
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Fig. 8. FWHM distributions of each as-nitrided and
reheated steel. FWHM : Full width of half
maximum intensity of Fe(211) diffraction
pattern.
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Fig. 9. Relation between FWHM and hardness of
each steel.
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Fig. 10. Lattice strain distributions calculated from
X-ray results of as-nitrided and reheated
steel SACM645.
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Fig. 11. Lattice strain distributions calculated from

X-ray results of as-nitrided and reheated
steel SKD61.



—%, HERMOBRE LiE s & R LERED R 572
DI, BALMTZ 3 2 NO RIS e CAERDE T2 B HS s
PAECE->TEL TS, 22T, &r—2HDEMD
1&F-E Bactoxh 3 3 FRENE DI T E HadDEALE&F
£, ((ad—ac)/ac) X100% E LTEDb LI, 210 DR
®Fig.10, IN/RLIS, 2o DB TFEIR, THLAE AL
NEF1 »TEIED 2 2 2 NISECIRE (GPY'—Y) 0h
BILUEATAIOTH-T, ™LAZNIENEFIH
P CEED 3 G2 2 fUECATIY) 2EERT 2 50
THHUE, £ ONJEFRZXBREITTRD 6 a5 FE I
H L7,

CTFROMOEA b, IISKEMEY KT, £l (Le
W WRE) CECIIRE, BFREKRE(, HEHs 0
ZHRCECREBLEDANETOES 2R TV 5, Jackid
NORBEHZ I IHEDEFEHRDNE 4 an % an =
(0.0285+0.0015) A/mass%N & L Tw %1, 2 2T, ad—ac
=an*Nmass% ¢t LT, &r —2ADOEENE»FE LI, 2
DRERORRAEIX, FHER» 6 b2 5 & 512, Figl0, 11D
Melh % TIEASER, mass¥%y EnAKLLTORELL, &
JB X, #30.2mass% T, BE L BffREBCHZ 2 L2r¥bd
%,

Fig.12i%, FEOIKFE LIS L OBR P ZfEE IR L
725DTH3, ZH6EIFEMRCXHT 2603 (HFHER
#£) 1%, SCM440, SKD61, SACM6458fDIIEZ64, 87, 198
T, KEICKS (Lo Txh, SACMOASEHDHA L b 12
MHB AR D 3 Ll 200w SACM6E458 D FEEE
{b#/RLUICFigl0% A5 &, gk 2, OO
A, ALBWMIEE { DEIR0.21%TH 5 DIz, JHAH 6 #I60
umDHIETIROTH S, Ly L, ZFMOBLE (LAWE

&) ODNBEZXH~4 2707+ 549 — (EPMA) T
HIE FEECIIHEEYDHS) LTASLE, Figl3lz/mmtT £ 5
iZ, KI80umALiE (LAME#I20xm+60um) T, SACM645

CHAELBRONDRB AN S, 2 N6 DREFRIE, SACM645

1200
1100
g o)
S 1000 @)
z o g
;900
g ® o
£ 80 o)
£
o 700 B %
&
2 0 6
$ © o E&
500
i E § SACM645
| i NP
400 SCM440
S00F- g SKD61 T
200 . . . X .
005 00 005 010 015 020 025
Lattice strain,%
Fig. 12. Relation between lattice strain and hard-

ness of each steel.

53

12—

N\
10H % compound
LN " |as Nitrid | 973K reheated |
sl \i® SAcMess| o— | e—
v ! SCM440 | & — A —
\ SKD61 | O | M-

Nitrogen concentration, mass %
()]

e

AR hzzza-
x it el ek e’
0 20 40 60 80
Distance below surface, pm

Fig. 13. Nitrogen concentration profiles as deter-
mined by EPMA for SACM645, SCM440
and SKD61 steels nitrided at 793K for
216ks.
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