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; The Precipitation of AIN in Austenite and the Hardenability of

" Boron-Treated Steels

Y Kazuo YAMANAKA and Yasuya OHMORI
; Synopsis:

The aluminum nitride precipitation in austenite and its effect on the hardenability of low—carbon-1 /2 moly
bdenum boron—treated steels has been investigated. The results are as follows:
: (1) The precipitation of BN occurs under non-equilibrium condition in the case of shorter austenitizing
3 time and consequently lowers hardenability. Such non-equilibrium BN precipitates transform to AIN with
increasing the austenitizing time, resulting in the recovery of hardenability.

- (2) The recovery of hardenability is due to the increase of the soluble boron content accompanied by the
) formation of AIN.

{ (3) The orientation relationship between AIN and austenite is given as:

4 [0001] A 1n//[110] y —pgrerreevreverees growth direction

(1120) ar// (111) 7o

(1700) a1// (112) 7 5 i
| The degree of misfit is very small along the [0001]41x(/[110]7-5.) direction, leading to the preferential
}‘Qr' growth of AIN along this direction.
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Rockwell “C” hardness

Rockwell “C” hardness

Table 1. Chemical composition of the steels (95).

Steels C Si Mn P S Mo Al B N [¢)
M21 0.20 0.29 138 0.003 0.007 047 0.044 | 0000! | 00148 | 0001
M22 0.19 0.29 1.37 »” 1 046 0044 | 00020 | 0.00i6 0.001
M23 0.21 0.31 140 » » 048 0046 | 00017 | 00I38 | 0.00I
M24 0.19 0.29 1.38 ”» » 047 0044 | 00048 | 00012 0.00I1
M25 0.20 028 1.36 E » 046 0044 | 00093 | 00150 0.00!
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(e) Austenitized at 930°C (#) Austenitized at 1030 ¢

Rockweli “C” hardness
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Fig. 1.

Distance from quenched-end {mm)

various time.

Distance from quenched-end ( mm)

The results of the Jominy tests. Austenitized at 930°C and 1030°C for

(a)-(e) : the steel M21, M22, M23, M24 and M25 respectively austenitized
at 930°C.
(f) : the steel M25 austenitized at 1030°C.
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Photo. 1. Optical micrographs of the steel M25 at the point of 40 mm from quenched-end
of the Jominy specimen quenched after austenitizing at 930°C for various time:
(a) 1h (Hgrc=22.0) (b) 10h (Hrc=28.3) (d) 100h (Hrc=31.6)

(d) 300h (Hgc=31.7)
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Fig. 2. T.T.T. diagrams for the steel M25 austenitized at 930°C for various time.
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Fig. 3. The results of the chemical analysis of N
as AIN and N as BN in the steel M23 with
varying the austenitizing time at 930°C
and 1030°C. (In this figure the calcu-
lated value of N as AIN and N as BN in
equilibrium condition is also shown.)
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Fig. 4. The change of average austenite grain size
with varying the austenitizing time at 930
o
C.
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Photo. 2. Precipitate consisted of spherical BN and acicular AIN in the steel M25
austenitized at 1030°C for 30 min.

(a)(c) the bright field image

(b) the selected area electron diffraction pattern from BN

(d) the selected area electron diffraction pattern from acicular AIN
(e) the schematic representation of (b)

(f) the schematic representation of (d)
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Photo. 3. AIN precipitated in the steel M25 austenitized at 1050°G for 5h and
water-quenched.
(a) the bright field image
(b) the selected area electron diffraction pattern
(c¢) the dark field image using the 000241y reflection
(d) its schematic representation
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Fig. 5. The fraction of hardness increase at the point of 20, 30 and 40 mm from quenched-end
of Jominy specimens as a function of the austenitizing time at 930°C and 1 030°C.
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Fig. 6. Stereographic analysis of Photo. 3(d) sho-
wing  (0001) oy //(T10) 7, (1120) 1p//(111) 5
and (1100) 51/ (112) ; orientation relation—
ship beween AIN and austenite.
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Fig. 7. Arrangements of aluminum and iron atoms
on the (0001)a;n//(111)y assuming the AIN
/7 orientation relationship was equivalent
to that for Mo,C/7.
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