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Effect of B on the Spheroidizing Behavior of Cementite in Fe—0.8mass%C Alloy

Takako YAMASHITA, Akihiro MATSUZAKI and Shigeaki TAKAJO

Synopsis : The effect of B, with the addition of 0.01 and 0.1 mass%, on the spheroidizing behavior of cementite in Fe—0.8mass%C alloy was investi-

gated.

The addition of B accelerated the softening by spheroidizing annealing. This effectiveness was enhanced with the increase in the solution

treatment temperature and B content. Spheroidal cementites were most refined when 0.01 mass% B was added. This was attributed to the in-

crease in the number density of nucleation sites which arose from fine cementites equilibrium at solution temperature and coarse cementites

precipitated from liquid phase. When the amount of B was increased to 0.1 mass%, the effect of coarse cementites precipitated from liquid

phase became significant. This resulted in the increase in the number of coarse spheroidal cementites with the diameter greater than 10 ym,

and the decrease in the number of fine spheroidal cementites, supposedly through Ostwald growth mechanism.

Key words: high carbon steel; precipitation; thermodynamics property; surface analysis; spheroidizing annealing.
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Table 1. Chemical compositions of the steels studied
(mass%).
Steels c Si Mn P S Al B N
0%B 0.795 <0.01 <0.01 | <0.001 [ <0001 | 0.033 | 0.0001 | 0.0024
0.01%B | 0.791 | <001 | <0.01 | <0.001 | <0.001 | 0.050 | 0.0107 | 0.0016
01%B | 0783 | <001 | <001 | <0.001 | <0.001 | 0.050 | 0.1200 | 0.0030
1000°C, 10min
. T,  800C, 4h

5C/s 780°C

760°C

740C

720°C, 1,2,4,6h

Air cooling

Fig. 1. Heat pattern and conditions of spheroidizing an-
nealing.

Fe-0.8mass%C 8Dt # ¥ 2 4 b ERIR(L 282 KT BIRMOE

KU H— ZWERIE, §I9RRER % 1T - 72, BRILAHARR
DOFHiZ, 74 ¥ — LA L 724005 O EBEM B E
BHAEHAY, BEBEITIZXD 0.0275mm? 21 2 BRIk £ v
a4 FOEKB LI A Y24 FOMHSRE (B %
K7z, BRIRE A V4 A4 PIZKORFELEFEOB 2L
DEOE L, HHYRZRIEEEAE THA & > 72 VRED
AR & EFICHE L 24 vz, SRR RIS SA L
AT o 7B & 2 mm /E £ T L, JIS13 %5 BiRERF I
& 0 TN A IE L 7

3. #ER

Table 1 DEHD , & T &, T,=720°C, 4h{RFFIZH T
% SA RO LT ARSI R & Fig. 21087, £,
0% B Tl T, i 73 740°C DEREMRLIZERIR 2 x » 2 4
FAETHBDIZxT LT, 760°C YL ETIXERIBEO M A
8= 4 MBI, TRE LR E &8I0 N5 M
LTWw3, 22T, BEBOMA» /S —F 4 I T, RE
BRIZAKRERETHERY L 72y MM Z OBOAIGIFIZERRL 2 8
DOTHY, BEREOMOEAE S —F 4 b XL TR
IS=—F 4 b EIERZ EIZT A0, 2RI LT, 0.01% B,
0.1% BHIDOZHEHIZ VT THREICE VT kiR &
* a4 B EROMBETH O, MM/ S—F 4 b O

T1 Temp,

0.1%B steel

0%B steel |

m

740C

0.01%B steel |

780C

800C

25pm

Fig. 2. Change in the microstructure subjected to spheroidizing annealing with 7 temperature and B content.
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Fig. 4. Effect of 7, temperature on the hardness after
spheroidizing annealing.

MEXEMT 25 LBEXDOERAIHH EhD I LB8bh b,
Z UL Fig. 2 DAMMBERRART K512, 0% B TIET,
BETOya+ BRIk A > 24+ (W) RIGHET L
BWDIZT,IRE» S OWHABRIZE U -/ S — 5 4

MIk230EFEIGH, BARMNTS Z &2k R
BV MEE I N2 DEHER IS, —F7, 0.1% BH#lE T,
IMEAB00°CCTEMED LREB B LAKILLTH D,
ARGt X 524 FBERERCP2»HDSFTER LTS
LRI NS,

KIZ, Fig. SIZTimEORFIFE 2 2L S ¢ 5A0T,
WEICKBE Yy - 2AWEOENERT, FLAEDRE
ICBOWT LR L & IS X AT L, R e
EBRITHRIESEIT L TR I Enb23, £/, ¥y
N — AFEMET LIE® 5 £ TORRMABRMENS S WE
EF,

DEDZELD, BEERMT 3 & TIREIZE T % 17K
TOAMEHE X A, FURERE CERIRILER S B Z e b » B,
72, BEMIZ X OBRIRILD 788 5 B2H A A,
FERIICERRIE R ORBEF 255 2 Z L 23H 6 »ic
Kol EHIZ, ZOXI AHRIZBENS VT EFHEIC
5,

Fig. 6 {2 T, & 740°C, 4h, T, % 720°C, 4h T SAXLFE L 72 0%
B, 0.01% B, 0.1% B#DFIREM %13, BB UIZBIR
IO A30.1 mass% TEMIE T T3 28 +F5I2E VL XNLT
bH%, L7eh->7T, BOBRMIBRIL 2 {2 & ¢#E L
MAERGIZEED L L BIZSABROEL G ITIFFRETH D,
BiFam I+ RETE3LHFEh3,

4, B

—fRIIZ, BRI A Y 24 PIZA KD EBRTRE TS
KEBE LA 24 P EZELT, AJETOREIZAH
TR X MBS LERIRIE S 2 2 21tk Boh
21000, KEBIZHTFBE A v 24 FOBRKRILESIZ, b
OB IC D W HTRIRIZ K DB 6 h 2 EREHERIZ DV



a) T1=740C
300
—O— 0%B
g 250 4 —— 0.01%B
3 —O0— 0.1%8
v
103
2 200
e
©
=
2
& 150
L
- bﬁ:ﬁao
100 T T T T T T
0 1 2 3 4 5 6 7
Annealing time at T2 temperature(h)
c) T1=780C
300
—0O— 0%B
] P
£ 250 —e— 0.01%B
2 —O0— 0.1%B
13
3
5 200
a
=
&2
2 1504
8
5
O 'y
—— °
100 T T T T T T
o] 1 2 3 4 5 6 7

Annealing time at T2 temperature(h)

Fe-0.8mass%C#iD £ 4 ¥ & A4+ ERIRLEE)Z RITS BIRMOZE

b) T1=760C
300
—{— 0%B
. —— 0.01%B
3 2504
E —O0— 0.1%B
2
@
o 2004
=
=
bS]
=
w
@ 150
X
S
~ Q;gﬁ
100 T T T T T T
0 1 2 3 4 5 6 7
Annealing time at T2 temperature(h)
d) T1=800C
300
—O0— 0%
@
-§ 250 —e&— 0.01%B
c —O0— 0.1%B
@
[
S 200+
]
=
2
[}
5 1504
>
100 T T T T T T

Annealing time at T2 temperature(h)

Fig. 5. Change in the hardness after spheroidizing annealing with annealing time at 7, temperature.
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Fig. 8. Equilibrium phase diagram of Fe—0.8mass%C-B
calculated by Thermo-Calc.
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Fig. 9. Auger electron spectroscopy of coarse cementite in
Fe—0.8mass%C—0.01mass%B alloy.
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