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Effect of Austenitizing Temperature and Cooling Rate in Austenite-phase
on the Hardenability of Boron-added Steels

Synopsis:

Masakatsu UENO and Kameiaro ITOH

As a direct quenching process has become into wide use, it becomes very important to investigate the

effect of austenitizing conditions on the hardenability of a steel.

In this study, in order to apply this proc-

ess successfully to B-added steels, the effect of heating rate, austenitizing temperature and cooling rate in
7 -phase on the hardenability of B-added steels has been carried out.

The results obtained are as follows:

1) The effect of B is an only function of free-B content [B] unless BN precipitates in 7-phase during
cooling from a austenitizing temperature. In case of [B] < 5 ppm, the effect of B increases with [(B].

When [B] is more than 5 ppm, it becomes constant.

2) The hardenability of B-added steels does not depend on thé 7-grain size as well as the heating rate.
3) When BN precipitates prior to 7— a transformation, the effect of B disappeares. The critical cool-
ing velocity of precipitation of BN, Vgn (°C/s) is shown as follows:

log Vgn = 0.0042 [B] [N] —0.25
where, the unit of [B] and [N] is “ppm”.

4) Therefore, the necessary conditions for B being effective are as follows:
@ When a B-added steel is austenitized, [B] must not be less than 5 ppm.
® V,> Vg, where V, is the cooling rate of the steel in 7-phase after austenitizing.
Key words : boron steel ; hardenability ; precipitation of BN ; direct queneh ; effective boron.
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Table 1. Chemical composition of steels (wt%).
Steel C Si Mn Ti P S N B ATi*
CF-19 0.22 0.33 1.42 0.021 0.036 0.020 0.013 0.0048 0.0019 0.005
CX-95 0.25 0.28 1.23 0.025 0.035 0.019 0.007 0.0038 0.0012 0.008
K-25 0.25 0.25 1.16 0.021 0.039 0.009 0.004 0.0061 0.0013 0.000
S-46 0.15 0.27 1.51 0.030 0.047 0.017 0.016 0.0054 0.0012 0.012
S-47 0.15 0.27 1.51 0.029 0.045 0.017 0.015 0.0052 0.0020 0.011
S-48 0.14 0.26 1.46 0.028 0.044 0.016 0.015 0.0050 0.0043 0.011
* ATi=Ti—3.4N
Table 2. Chemical composition of steels (wt%).

Steel C Si Mn Ni Mo Al P S N B
3Mn5B 0.09 0.21 2.86 — — 0.014 0.003 0.007 0.0018 0.0005
3Mn5B30N 0.06 0.20 2.90 — — 0.006 0.003 0.007 0.0033 0.0007
3Mn5B50N 0.06 0.22 3.04 — — 0.030 0.003 0.006 0.0047 0.0005
3Mn5B70N 0.06 0.23 3.00 — — 0.035 0.003 0.006 0.0068 0.0005
3Mn5B100N 0.05 0.23 2.93 - — 0.036 0.003 0.006 0.0102 0.0006
3Mn20B 0.06 0.23 3.02 — — 0.008 0.007 0.006 0.0018 0.0020
3Mn20B50N 0.06 0.23 2.94 — — 0.007 0.005 0.005 0.0049 0.0022
5Ni5 B 0.07 0.21 0.51 5.09 0.20 0.009 0.006 0.004 0.0020 0.0005
SNiSB40N 0.06 0.21 0.50 5.18 0.18 0.005 0.006 0.004 0.0039 0.0004
5Ni5B60N 0.06 0.21 0.50 5.18 0.18 0.005 0.005 0.004 0.0059 0.0006
5Ni5B80N 0.06 0.19 0.50 5.00 0.22 0.013 0.006 0.004 0.0079 0.0006
5Ni73N 0.06 0.20 0.50 4.99 0.20 0.006 0.006 0.004 0.0073 —
S5NiLB 0.06 0.12 0.55 4.99 0.19 0.011 0.005 0.006 0.0018 0.0001
5Ni3B 0.06 0.21 0.50 4.94 0.18 0.005 0.006 0.004 0.0017 0.0003
5Nil0B 0.06 0.21 0.50 4.94 0.18 0.005 0.006 0.005 0.0015 0.0011
5Ni15B 0.06 0.21 0.49 5.20 0.18 0.005 0.006 0.005 0.0016 0.0013
5Ni20B 0.07 0.20 0.50 4.91 0.24 0.027 0.007 0.004 0.0014 0.0023
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Fig. 1. Effect of Austenitizing temperature on

hardenability of Ti-B-bearing steels.
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Fig. 2. Effect of austenitizing temperature on the
isothermal transformation rate at 500°C, that cor-
responds to the hardenability of a steel. Austenitiz-
ing temperature dependency of hardenability varies
with steels that contain different amout of N and B.
Each number in this figure shows the calculated
free-B content (ppm).
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Fig. 3. Relation between free B content and
transformation rate.
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@ means the segregation of B along 7-grain boundaries, ®, @,
@ show the precipitation of BN at 7-boundaries. The area of the
dark portion corresponds to the amount of the precipitates. ©
indicates the precipitation in the matrix. The solid line shows the
critical cooling velocity of BN as a function of N content.

Fig. 4. Effect of N on the critical cooling velocity
of precipitation of BN.
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Fig. 5. Precipitation behaviour of BN as a func-

tion of solubility product and cooling rate in
7-range.
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Fig. 6. Isothermal segregation and precipitation
curves of boron plotted as a time-temperature dia-
gram.
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Fig. 7. Effect of holding time at

bainite transformation rate at 500°C.
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HIRZEEL21THE, 1000°CIZ BT HIRFEER & s00fa0
LR EF~L (Fig. 7). £0#FE, 5Ni3B Tt
RIFIZE D s00t00 DEALIZIZE A LRO SN DT
»%, S5Ni5B8ON Sl Tlix b 3" 2 L RFFT b se0tz0 EF L
CBA L, BBMIZIZ 10s & %27, SNiSB#Tikb
FTrTHENIOEOKTHIRL .

NS5O B DAk % Photo. 1 12/ .
5Ni3B% (Photo. a) Tix BN o # ¥ % <,
5Ni5B8ON 4 (Photo. ¢) Ti¥% & D BN DR A
R HND. SNiSB 81 (Photo. b) DIFE IR DO—E
T BN O R on 5.

5Ni5B8ON 4 TR & 172 s00t20 DA AT @ BN I
LB hERET A, [B] 258 L, BN
DEEFZVWEEZOLND Fig. 3 5 20 [B] 2t
F 2 sootz0 XKW, Fig. 7 DR LB LA (1)~
(5)xkic T=1273K 2fRA LT [B] 2#k®» 5% & [B]
=2ppm ESN. T OEICIHET B s00t20 % Fig.
3HhHRDBE 6~15s L% 0, FERE so0tz = 10s
EBVW—HEFRTILEFDDPDL, ZOLHITEA LA
sootz0 PIED [B] »SEBLAMELERVW—FHERTO
T, Fig. 7 2R 5h 72 5Ni5SB8ON #2875 B O%hFE
DAk, BN ofrHicky) [B]l 8B L2 Ik
HrEBHENS 23D BN OHHICLAEEDOE
HaweEwRITons.
4-3 YHEDOE

F—=AFF 4 MLgEoOHHER T BN offids s 2
5WELATTIE BOMER [B] ZolEkexo7k

Photo. 1.

a-autoradiographs of the steel of 5Ni3B (a), 5Ni5B (b) and 5Ni5B80N (c);, which
were austenitized at 1350°C for 30s, then cooled rapidly. to 1 000°C and kept for 900 s and
He-gas quenched. Segregation of B along 7-grain boundaries can be seen in the 5Ni3B and
5Ni5B steel, but no segregation can be observed in the 5Ni5SB80ON steel. B precipitates as BN
in the matrix (Photo.-c).
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(Fig. 3). —0HMOBE, BAMR ¥y HEIKFT S
DXL, BHTRIONEKFESRO W2 ho
HHIZOWTEZELTAS.
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Bey = A*Bn-exp(Q/ RT)/

{1+ A*Ba'exp(Q/RT)}
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