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Table 2.. Activation energy of induction period of
secondary recrystallization. (kcal/mol)

| MnS- | MnS-
Heat t T15 INC3a| Al3 |treated| treated
heat heat
Inclusion - TiC | NbC ' AIN ' MnS | MnS
Present
investigation 120 120 110 130 103<1

Heat of solution | 54¢2) 420 380Gy 256> | 250

Activation energy
of diffusion 216y 210 183 5093 | 506

Sum .75

&| 56 | 75 75
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Fig. 1. Influences of B for the hardenability of
- SAE1035 steel.

Table 1. Increase in hardenability due to B and
its Coo-ordinated effect of Ti.

5 sB1 C%ﬁfj Ti AL | Ny |
o | B e | o | o
0-0016 | 0-0003 | 0-022 | 0-024 | 0-0075 | 1-28
(| 0-0015 | 0-0005 | 0-022 | 0-027 | 0:0077 | 1-45
0-0017 | 0-0014 | 0:052 | 0-052 | 0-0047 | 1-69
0-0015 | 0-0013 | 0-058 | 0-084 | 0-0057 | 1-73
0-0025 | 0-0003 | 0-011 | 0-019 | 0-0056 | 1-06
¢| 0-0028 | 0-0005 | 0-010 | 0-020 | 0-0085 | 134
0-0023 | 0-0018 | 0-046 | 0050 | 0-0036 | 1-74
0-0029 | 00021 | 0-030 | 0-048 | 0-0065 | 1-76

BIIBIT 5 EBOBEBRITSLTHRERLDOTERL,

FFFrORMEBEFICRS L EHEFEPRVEE

#Ti B VWESHE B effective ratio AL 7.

Lz ATz DA inffective B iX kE4r Nitride Fix

OTZOBOILEHOERKRRITIEET 5 L

@ Ti 24ERVW7r—ATRLOEREE XEDD
Tk .

® 0°01~0-029Ti &ty —A2Tx TiLxvx
OEREERMEEND

© Ti &% 0°03% LLEo 7 — A Tik Ti-NitridelD
A RS 4fF L < B-Nitride O£ RITIE LAY
TTERV

Table 2. Variation of chemical forms of B in steel on molten state and with heat treatment.

Chemical composition (%)

“ITime

. B in ingot (%) B after heat treat(25)**

=
'E System
& Al Ti B O N

( s) | Ineffec.

Ineffec.
ratio

Ineffec.

ratio Ineffec. | Nitride

Nitride

A-1| Fe-Al-B  |0°027| — [0°0040|0-0090 {00080
-2 Fe-Al-Ti-B[0°015|0°028|0-0027|0°0079|0-0078

-3 4 0-024{0°0420-0025 | 0-0093 | 0-0057
-4 7 0-030|0:017|0-0034 (0-0086|0°0051
-5 4 0-058 | 0:040|0°0047 | 0-0095 | 0-0064

60 | 00037 | 00033 | 92-7 | 0-0037 | 0:0033 | 92-7
51{0-0008 | 0°0005 | 296 | 0-0011 | 00006 | 40-8
51 0-0005 | 0°0001 | 20°0 | 0-0004 | 0-0001 | 16°0

60 | 0-0030 | 0:0026 | 88-3 | 0-0031 | 0-0026 | 912

60 | 0:0021 | 0°0020 | 44-8 | 0-0021 | 0-0020 | 44°8

* Holding time after B addition on molten state of 1750°C

**  Slow cooling after 1250°C X3 hr
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Fig. 2. Al and Ti effected on grain size under
austenitizing condition.
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Fig. 3. Variations of austenite grain size depending
on forging condition.
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Table 3. Influence of heat treatment and Ti content on the notch toughness
of B treated steels at 20°C and —30°C.

Chemical composition (%) As forged Normalized

Energy absorbed Energy absorbed
Sample Ti B effec. Austenite (kg -m/cm?) Austenite (kg-m/cm?)

B grain size 20,C | —30°C grain size 20°C _30°C
B-1 0-017 0-0015 0-0005 46 15-5 66 6-2 14-3 8-1
B-2 0-052 0-0017 0-0014 71 15-6 113 75 13-3 6-5
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Fig. 4. Influence of Ti on the notch toughness
at 20°C and —30°C.
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