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Study of Boron Steels (Report 2)

— Effect of Boron on Hardenability, Isothermal
Transformation Diagrams and Mechanical Properties —

By Kenzi Ono and Tadashi Nemoto
Hitachi Research Laboratory, Hitachi, Ltd.

Abstract

Following their researches as published in the report 1 the writers have continued

their investigations into the effect of boron, this time, on hardenability, isothermal

transformation diagrams and mechanical properties of steels, and the following are

the summary of their observations :

(1) The effect of boron on transformation rate 1s known from isothermal trans-

formation diagrams shown in Fig. 7 and Fig. 8.

Boron seems to have the

tendency to retard nucleation of ferrite and pearlite in ¥—a« transformation.

(2) Boron increases the hardenability of steel and is effective especially to low

carbon steels.

(3) Mechanical properties of boron steels quenched in oil and tempered is superior

to that of plain carbon steel tempered after oil or water and o1l quenching.
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538  H#2E 2 A H o R W 036 % 552 B
w1 % KRB oMk g (%) Table 1. Chemical Composition of Specimens (%)
o % | C s Mn p S Cr Mo B (&) !. 1 -

A-1 0.38 0.33 0.35 | | |
A-2 0.38 0.33 0.35 | 0. 004 FeB & 4 (£
Cisl 0.49 | 0.5 0.78 |
C-2 049 0.55 0.78 ‘ 0. 004 Fe-Ti-B 4 & &
D-1 0.61 0.28 0.73 0.018 | 0.025
D-2 0. 62 0.28 0.62 0. 021 0.023 0. 004 FeTi-B & % (£ H
E-1 . 0.68 0.21 0.65
E-2 0.65 0.41 0. 64 | 0.004 Fe-Ti-B 4 & f
F-1 0. 62 0.33 0.61 |
F-2 0. 62 0.37 0.57 | | 0. 004 Fe-Ti-B & 4 # H

SA-1 0.39 0.44 0.86 | 1.08 0.37

SA-2 | 0.39 0.44 |  0.86 | 1.08 0.37 0.004 Fe-Ti-B & & {£ A
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Fig.2. Dimensions of Pieces for Repeationg

Impact Test
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SRl A BE77 0FC BED 4 FRICHE T 800~900°C D i
BE s B IHGEA R X (Re) ZllEL, PEAME LS
L OB R R, KT ARHT 870°C, CHfix 860°C
7 B IHEEA RS 100~700°C O < 50°C I & DAl
¢ 1hr BeE L CBERIREE LB S & DR RDIC.

(C) ¥v33=—38R

St AR, CREIZONSA BHCHETY 5 3 = —ll%
Fotn, - OEBEAMBRE L TN LTI AR 870°C, C
# 860°C Jzo* SA i 850°C Th%.

(D) [H{RZEREX

A Jor C BRI TR ECBEARBRIC & D
EaciEga g - h 2 870°C 2ok 860°C & L, 700°C
~EE T 50°C ks ¥ OFRECREE L THIC X
72 E X0t IioMh s 6 mm $x10~15mm ! OFEFIC

I ) AR BRI M B AR ERER & LA O S & DB

1%723&@1%@%5{%%1 n, X 200°C LRIkl
SRR X 0 AR AR 5 S b BRERHIC &
e X s, T BHOREELIRE L ClHmZANE
XpsphE it

S5 C ot DERC R TR LR 860°C Sz~ 850°C
M SIHEEANE: 100~700°C O T 50~100°C k&

D& FEET 1hr HER LR Bt & BhERRD TT
it B ERAT 850°C 2 bilgEA R (il 4~
10°C) B F L 850°C 7 Bk & IMD BHgEAN (Ok
B 17~25°C, iR 20~24°C) JZ Nk SA FHITHBEA
1 iR 10°C) # 100~680°C DT 2 [AIMER &
IR ER T F T L ¥ 17~30kg-cm DT
FTHESRER 217\ ERER K 23RN 3 5 & T OFTERNE 23K D
e
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(1) & B =
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LR A BFA XD Z = LizER O TR O Tk &

= ATHH

w2 % £ R o0 X EECC)
Table 2. Transformation Point of
Specimens (“C) -
i o % # (0.8°C/min)
'ﬁ: % (0.8°C,"minj ﬁ f{? ?—E \‘{T
Aci | Acs  Arg| Ari |B % |# Lk
A-1 730 780 740 675 610 525
A-2 732 790 755 685 615 585
G-l 740 780 713 670 552 530
C-2 745 782 720 665 540 517
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Fig.3. Relation between Quenching Temper-
ature and Hardness (Rc) of Specimen
A-1 and A-2
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Fig.4. Relation between Tempering Temper-
ature and Hardness (Rc) of Specimen
A-1 and A-2
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Fig.5. Relation between Tempering Temper-

ature and Hardness (Rc) of Specimen
C-1 and C-2
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Fig.6. Relation between Tempering Temper-

ature and Hardness (Rc) of Specimen
C-1 and C-2
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Fig.7. Specimen A-1 (Cabon Steel) Quenched
in Oil from 870°C
F+A-F+Tr+M % 1,200
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Fig.8. Specimen A-2 (Boron Steel) Quenched
in Oi1l from 870°C M % 1,200
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Fig.9. Isothermal Transformation Diagrams

of Specimen A-1 and A-2
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Fig.10. Isothermal Transformation Diagrams

of Specimen C-1 and C-2
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Fig.14. Specimen A-1 (Carbon
Steel) Quenched in Water
After Austempering at 650°C
for 15sec. from Max. Heating
Temperature 850°C
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Fig.17. Specimen A-2 (Boron
Steel) Quenched in Water
After Austempering for 10sec.
at 350°C from Max. Heating
Tem perature 870°C
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Fig.15. Specimen A-2 (Boron
Steel) Quenched in Water
After Austempering for 15sec.
at 650°C from Max. Heating
Temperature 870°C
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Steel ) Quenched 1n Water
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Fig.16. Specimen A-1 (Carbon
Steel) Quenched i1n Water
After Austempering for 10sec.
at 350°C from Max. Heating
Temperature 870°C
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Fig.19. Specimen C-2 (Boron
Steel ) Quenched in Water
After Austempering for 1 min
at 300C from Max. Heating
Temperature 860°C
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perature and Mechanical Properties
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Fig.27. Results of Repeating Impact Test of
Specimen E-2 (Boron Steel Quench-
ed in Oil)
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Fig.28. Results of Repeating Impact Test of

Specimen E-2 (Boron Steel Quench-
ed in Oil)
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Fig.29. Results of Repeating Impact Test of
Specimen E-1 and E-2 (Quenched in
Oil)
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