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Effects of Al and N on Hardenability and Transformation
Characteristics of Low Alloy Case Hardening Steels

Masatsune YOSHIMURA, Hiromasa KOBAYASHI, and Tatsuo Fukuzumi

Synopsis :

The influences of Al and N on the hardenability and the transformation characteristics have been in-

vestigated for low alloy case hardening steels (JIS SCM420).

Since the contents of Al and N in austenite

in solution vary with the Al4+N<;AIN reaction, the amounts of Al; and N; (concentration of Al and N
existing as solutes in austenite, respectively) are calculated from solubility product of AIN in austenite given

by the following equation :

log[Al,]-[N,;]=—6 700/T(K) 4 1.528
It is revealed that these two elements have potent influence on hardenability, and that the multiplying

factor of Al is quite large and is about 1.8 around 400 ppm of Al,.

In high Al,; steels, the y-»>a proeu—

tectoid ferrite reaction is retarded through the increase in the incubation period of nucleation and through
the decrease in the nucleation rate of ferrite and in the diffusion coefficient of C in austenite.
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Fig. 1. Morphological analysis method for Al and N.
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hardenability.
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Fig. 2. (a) Chemical composition of the specimens

investigated.
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IRVINE B B iR LR L s, A#HEIT DArken
DXL AHY IRVINE 2 Grabpman iz L KSR
ALTVA. TOBHZIENTRVA, RFDOHER,

BIEHRE HBHVix AIN o FEIC BB TS50 THA
5.
AEBR I D ROIBREROKX (1) % 1200 L 925°C
oW THpRT5E Fig. 6 bcn, Co—20REY
FEE LIcoik, @IE OB TRES 2T 1200°C T3
h, —HZzOBROHERE, HAHL VCIRIRAHEKEH T
E 925°C Y4+ o26THhS. 2T Sol. Al 1
Sol. N B2 h Fh 0.035, 0.0125wt% /et Fig.
6D X, DR E L oMY L O>TZDORD B % 33
BLTARLS. o X, HHOM%E 1200°C T+ /b

— 112 —



.080

RELEMBEMOBEAYE L EBEH~FXFT Al & N op®

070 —

Log(Al J(N J-6700/T+1.528
Solubility Index=([sol Al] - 1925[s0t N])/005 5‘05;‘-_'“0’"9“
ne

5

e

060

.7

7
0 - -2 -3

4 3 2

e

T >
e

N
NN
N

0%
=
g .
% 040 / e )
= -9
—_ Ay >
a % / -10

030

MTNIES

\

020
Al

LK

A

S

O
Al"

e
?/
e

010

/ -t

e

Deyras

\

AN

N

gz

925°%

0
oNo N1.00S 010 Ny 015 020

025 030 035 040 .045

sol. N, wt %

Fig. 6. Solubility product curves at 900 and 1200°C.

RImEhd 2 L RITHEHL 7 PICELCEHB T 55, To%
925°C THedE, BEAND B\ IZRR L E OB X KT
L, Al L N rofe¥BHE (A/N=1.925) X;X,ic
L1chs2>T AIN p3 925°C T R4 £ THII L,
b D AA;, NN, 21 hFh 925°C 12 kT 1 ic
BEBT+5 Al & Ny Blwwhksd, 2%bh, F0O#Mo
Sol. Al & Sol. N BKEfE% i 5 {LF BHRMIFEIT A
B HHRETCORREME L ZHD TR OEEND,
ZoRETD Al & Ny BE¥HEHTAHZEATES.
LichioT, Al & N :ofb¥EHRBC FTRBLED
Sol. Al & Sol. N 8% & o83, FEHFILAIEDORF
REN—ETHhE, ERTH AIN BizRics2%, B
A F5+5 Al L N, BiRFREI—&7 5.

T, TOBSYERETHEATED L /35 4
— 2 HBATHZ LR L. Tiebhb, BEORERE
TRTO Al OB ATRERMIX B EHICH L £0.002
~0.003 wt% THBp b, Sol. Alg T 0.005wt% o
vy, #T Al & NO(LFERBRIOEITHREZ S £ L
T, {EH kA% Solubility Index ([J# S.I. & id4)
LIRS LI L., Thebbh

S.I.=([Sol. Al]—1.925 [Sol. NJ/0.005,

Z ZC [Sol. Al], [Sol. N]
Fig. 6 T2 =0 X 5 HE Tk fEETHICY L
SI xR L. 2%b, SI {HAFCTHIE, BEA
HeHFsGTrhoRETD Al & Ny BRI TS

T wt%

I THEnG, MELOHE S.IL HORENTEX S
LEDIT, GFERT-20BBENEHICILOTL 5.

EENEEORFREN 925°C 041w T S
fEEHE Al & N, BroBff#aiT2 Fig. 9
W CHR LR, D b s X 51 S A IETK
L lehd AL BA, —H AThIkBicoh Ny
BrEhERHL, S.I i —2 T Al & N, B
DORPSENEIRT.

OECEETHND JIS O BNED D\ X RETR
THEE, BMEELE Shi-AckWT, BRERD
R ) »oHEHLE AL Bovax N, fHE ERIE &2
LTUCHIEERTINE DR L TR LER DS, L
S50k, bLEBEIL —BITH0THIEL, o HE
Al & NoOMBIMYTHLENGHEETERTE
BENHTHS.

Fig. 712 3D Aly & Ny B0 R 55K % 1200°C
TERIBEEARE JIS i L o BB & i L 745
HTO Ay mOGHEME (LR Aly e L507F) & EHIfH
(LI Alyops. &g d) X UBL-EBRTHS.
T Sol. Al 4%, Oy (£ O) E,TT AlBL L /e
DTVWBEREL, D AlEY Aly BHBELGV1s
fitix L, %7z Sol. N {3 Np &# M\ 7. %7, Fig. 8
(a) &£ (b) 1x, Al 2 N BafExflnSbeEELL
WM A 925°C TS B IR RAFEED Al
&N, BOHAE L ERNELOKEZ TR ERE LD T

LR
—

— 113 —



456 g & M

X104
900} SOM620d C [ Mn [ Cr | Mo | Al | Nr
o |19 [76 [to4 |15 |022 |ou3
a 19 | 76 [104 |15 053 {Oh3
800} o 19 | 76 [104 |15 |.079 [on3
—~ Al gt 1200%
700} e
------ Al ot 925%
600} o
§ S00f
—.
< 400
300
200} \ SolAlL —_——ei__
0,
Alga S
100} memeemnenoe s TN
0/
0 L L
- — u . [ 'I{'I
o . R :' - ~ L
T ® o ® @ 3% @ 83y
= E—QE' -5-.55 -.uzal-czzz
2 @  578% ©~5 88 ©~ 585k
> % %3 ¢y 3 O3 ¢ 3 iz
§ - i a;o o Py z' :, o
3 8 EEE B 5 : OB & o8%3

L

Fig. 7. Comparison of calculated and observed
amount of Al, at 925°C for various heat-treated
specimens.

RLICLDTHE., ChbLDERIVTH L HEEE
ISHIELSEIIGTHEMBETERLTC IV LV 5.
ZoXske S fi-EF Al L N; &L oOBFHEH
bhot-oT, HFiC S HIRI A FEELFERS
DIEFRUMETENL, FoOFEAKY S.I HCEHET
5z L. Table 1 @3 b DLy, Lk
&, S.I. fi, 925°C T»D Alyca. & Ny X TR E
WRLK., REREEIX Y a2 i =— RRED BAEND
S5mm ONETCORIMETHS. AHIIERNEOKE
I T HLDRERES 7.5~10.5 03 0%, Fi-8i
MO X 51 By Hi20.0004 wtZy LA Fodo s L. T
NOEDORBDY 2 3 = —RBEREBEAT» OORBED
lw SI. [ACTEBLICERN Fig. 9 Th5s, 925°C
TD Alp ca1. & Ny B% SL iz LT RLE
P, COMELBAMOELLEXIEERDB L, Al &
Nica. BVBBRETHS SI {H —2~—4 THAHRIIR
MERL, —2 X RELIBE Al EEHIHEA
HIIAL Alrca. B 0.050 Wty BECffNTs. —
3, S.I. fliny =2 X o/ I T HFEAMS F LT
B EnD Ny AR THELOHRIT/NE L.
¥z Fig. 9 o 10kg BEEERHA (A.I.M) o
EhicBEMR (E.AF) 1%~ UT ¥R oEmE

% 69 4 (1983) 43 =

x10% (a)
700
-
500 at 925¢¢C g 8.~
Steel Grade SCM420 e
500
o,
- ° e
F .
3 400
% 8
o
2 300 0 e
I"
200
o
0° ° °
PO -
100 g,
o5
ok
0 00 200 300 400 500 600 700
3
Alycal, wtv% 210
XG4 (b)
250
at 925°C
200 Steel Grode : SCM420 L
p
-]
pd ”
3 150
H & e
A -
Z
100 %
.
S
50 o
8. ¢
8, °e
-
ok
0 50 00 150 200 250
N x10%
Nycal, wi®

Fig. 8. Comparison of calculated and observed
amount of Al; (a) and N; (b) at 925°C for
various specimens.

% C:0.18~0.22, Si:0.22~0.30, Mn : 0.65~0.75,
Cr:0.95~1.05, Mo:0.15~0.20wt% XK, &&
$1EE 7.0~10.5, By 0.0004 wt% L Fo Cr-Mo L
Micxi L S.I. L Diobs./Dicar. Tt Al BB\
ENOBEAHSE CM#Erhth Alg, Ny 2384 o
Btk RH D LIt L. 2T Dicar. fHRFERAE
IhTvs D (BAEEAER EEHZEKCIY Al &
N UAD EHEGLTR L SHRE»D FHELLMETH
5. —7, Diovs. TR 2 i+ = -t HEHCED
BABL: LTRDENDB 50% =AF v b X% Y
DAL LOERY O DifE~BREL-ETHS .

ZDIXSICLTKRDK S.I. HEEEASER L OB
% Fig. 10 /R, @iRL: S.L. fli i Al %
Buvik N, SoMs 6, Fig. 10 ogg#Eiz S.1. {H@a
K&EWE Alp %, —F/hE v E Np ZRLTWB E X
s, ZORKRNLH Fig. 9 LRKRIC, Np it L

— 114 —

1 3



EASIBERMOBEAE L ZABEH~HSLFET Al & N og¥

457

Table 1. Chemical composition of steels investigated.
. Iy 0y 1)
P No Chemical composition wt %% AGS. | Calcuated™s, | ¢
C [Si {Mn| P | S [Ni|Cr|Mo]|Cul Al Nt o] No. | Aty | N, |index?
1 .20 [ 25 | 68 |.008 [.007 | 10 [102 | 16 | 13 |.092 |0054 |0021 9.0 .081 | .001 15.8
2 20 (.24 | 67 {008 (006 | 11 }102 | 15 | 14 |.091 |0065 [0025 9.5 078 | 001 15.1
3 20 {24 | .70 |.006 | 005 |10 {104 | 36 | 13 |.065 |0028 |0040 7.6 058 | .002 1.0
4 21 1.27 |71 |008 |002 .11 |103 |96 |.12 [.085 |.0158 10040 85 053 | .002 100
5 19 | .25 | 71 |.006 |.005| .10 [104 | .15 | .13 [.041 .0029 |.0018 7.8 038 | 002 77
6 19 | 24 | 70 {.007 {005} .11 [101 |15 |12 {.038 |.0037 |0021 715 034 | 003 5.7
7 20126 |71 {008 {001 .11 [100 .16 | 12 |.066 | 0197 {0037 9.0 030 | 003 48
8 |.20 |26 [ 67 [006]006]|.10 [103 |16 |14 |.058 | 0183 | 0059 }105 023 | 004 32
9 (.20 |.27 {68 |.008|.001 (.10 |[100 |16 |.12 |.051 | 0177 | 0046 85 020 | 004 24
10 [.21 [.27 { 70 |.008 [.002] 11 |104 |16 | .13 {.044 |.0156 | 0029 9.0 019 | 005 18
" 20 |1.26 | 67 [.008|.003| 10 |10t | 15 [ 12 |.042 1.0157 | 0048 8.1 016 | 005 1.3
12 1.20 {.27 | 67 |.006|.006]| 10 | 101 | 16 [ 13 {.052 [.0231 [ Q059 {100 013 | 006 02
13 [.21 | .26 | .69 |{.006|.005|.10 (104 | .17 | 13 |.035 | 0174 | 0044 9.0 o1t 008 |-07
14 20|.27 | .68 |.006{.007|.10 | 100 |16 | 14 |.050 [ 0254 | 0052 | 100 on 008 |-10
15 |19 {.24 { .67 |.006(.008{ 09 [101 |6 | 12 |.033 | 0168 |.0069 9.5 010 | .009 |-14
16 |.20 [ .27 | 68 [006].005|.10 | 100 |16 [ 13 [.048 |.0301 | 005 | 100 007 012 |-32
17 [.20 | .24 | 68 |.007[.005[.10 {10216 | 13 [.051 |.0334|.0066 | 100 | 006 | 014 |-42
18 |.20|.27 | .68 |.006{.005{ .10 | 101 | 17 | 14 |.049 | 0345 |.0056 | 100 006 | 015 |-47
19 |.20|.28 | 69|.006/.008|.10 {101 |16 | 13 {.031 |.0292 |.0064 | 105 005 | 019 |-65
20 | .21 1 25 [ 7% ].008|.000 (.11 10417 {12 [.02 .0251 | .0050 83 004 | 019 ([-66
21 20 ].24 | 68 ].007[.005( 10 | 10417 | .04 [.028 |.0281 |.0071 9.0 .004 020 [-68
1) 1200°C S.T. 925°C Normalized 2) ([sol. Al]-1.925 [sol. NJ) 1.005 B <.0004%
50
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Fig. 11. Effect of amount of Al, on Jominy
hardenability for the same steel austenitized at
different temperature.
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(a) 925°C austenitized
(b) 970°C austenitized

(c¢) 1050°C austenitized
Photo. 1. Actual grain size.
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Fig. 13. Chemical composition and Jominy hard-
enability of two steels investigated.
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Fig. 14. Isothermal y—proeutectoid ferrite reac-
tion curves at 735°C after 925°C x 15 min. austeni-
tizing for steels (a) and (b).
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Fig. 15. Average number of proeutectoid ferrite
particles per unit area of polished metallographic
surface for steels (a) and (b).

ERLLTOEELREI VLV 25,

—H, WARCOWT 7 = 54 P HOREEEDH
LRHAE ML RIS E 2 ATHEN, BEREK
REVFRRCHET LTV 5 XRBOB T, REHE
KRR EBCIET S - LiXRECH oM. 2, 7,
CEHT7 = 514 PO ERT B CRY, RET SR

* |
{ -== Algobs. = 00095wt*/e
— Alobs = 00356 wt*
; i
E 100 :'
2 ;
2 /
o i - —
1 0 ) 04

Reaction Time at 735°C, sec.

Fig. 16. Nuclection rate of proeutectoid ferrite
at 735°C for steels (a) and (b).

(a)

1P Chemical composition wt ¥, Ge
No.| C Si [Mn | Ni | Cr |Mo | Cu | Al N ] Al
1|79 .25 | 71 |10 [1.04] 15 | 13 |.092 (0054|0021 081 80|
2 120 |25 | 68 |10 102 16 | 13 [ 041 |0029]0018( 038 78
3120 .23 |67 |10 [1.02]|215 |13 [041 00760030 029 | 80
4 1.20 123 [67 {11 [102] 15 [13 [014 [004s]00s0] 013 [74
(b)
925% x 4hr 0
08
Carbon pomnic:loao w 06
04
.2
0a. 0
o
0 [ 10 15
Digtance from surtace , mm
Carburizing process Carbon penetration
(c)
TP | Al D , omlisec
No. | ppm. [qr.05¢m | at.tcm X(05~1cm)
t 813 | 152x10 141x10 146 x10
2 378 | 174 152 177
3 287 | 191 167 180
4 134 | 243 1.81 181

(a) Chemical composition of steels investigated.

(b) Carburizing process and carbon penetration curve.

(c) Diffusion cocfficient of carbon at 925°C for various Alr
contents steels.

Fig. 17. Effect of Al, contents on diffusion coef-
ficient of carbon in austenite.
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