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Deboronization in Boron Steel and a Model for Its Calculation

Tsuyoshi INOUE, Yoshitaka OCHIDA, and Kunio TsUjr

Synopsis :

Deboronization behavior during austenitizing of 0.29,C-0.85% Mn boron-treated steels was investigated

in the various atmospheres.

A considerable amount of boron removal was observed during the heat

treatment in the air, and neither an atmosphere of argon nor a nickel-plating on metal surfaces had de—

tectable effect in preventing this phenomenon.
of 10t Torr with a zirconium oxygen getter.

Deboronization could be eliminated only in the vacuum

Boron concentration profiles after deboronization occasionally showed some anormalous appearances
which were unexplainable by a diffusion control mechanism. One was a two—step fashion in a boron con-
centration profile and the other was an enhancement of deboronization at a certain temperature range.
The latter, for instance, involved a lower residual boron concentration at 850°C rather than at 950°C.

A probable model for deboronization kinetics was discussed taking a dissolution of fixed boron as pre-

cipitates together with a diffusion of free boron into consideration.

In addition, the effect of formation

of ferrite owing to a simultaneous occurrence of decarburization was also taken into consideration. A
finite—difference method was applied to the calculation of boron profile and it was shown that the above-

mentioned anormalous phenomena were predictable.
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Table 1. Chemical compositions of steel (wt%).
Steel C Si Mn P S Cr Al Ti B
MB 0.19 0.23 0.89 0.013 0.016 0.16 0.021 0.022 0.0013
HB 0.20 0.24 0.87 0.009 0.011 0.01 0.029 0.019 0.0031
800 °C
2h
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Fig. 1. Boron concentration profiles near surfaces of specimens heated at

900°C for 2h in various atmospheres.
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Fig. 3. Boron concentration profiles near surfaces
of steels HB and MB at 850°C and 950°C for 30
min in argon flow atmosphere.
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Fig. 4. Boron concentration profiles near surfaces
of steels HB and MB at 850°C and 950°C for 1h
in argon flow atmosphere.
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Fig. 5. Boron concentration profiles near surfaces

of steels HB and MB at 850°C and 950°C for 2h
in argon flow atmosphere.
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Fig. 6. Comparison of the observed boron profile

to the one calculated based on diffusion control

mechanism. Diffusion mechanism can not explain

the observed profile.
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Fig. 7. Schematic comparison of boron profiles of
various models. Dotted line @ shows predicted
profile of free boron by diffusion mechanism, @
shows predicted profile assuming that no precipita-
tes dissolve. The observed profile falls below @),
which implies boron precipitates dissolve proportion-
ally to the difference between solubility limit and
boron in solution.
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Fig. 8. Calculation model of boron profile using
a finite-difference method.
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Fig. 9. Variation of calculated profiles with dis-
solution coefficient of boron precipitation (K).
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Fig. 10. Comparison of observed data to cal-
culated profile after 2h deboronization. The agree-
ment in 950°C treatment is good, while that in
850°C is rather poor.
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Fig. 11. Carbon concentration profile near sur-

face, after heating in air at 850°C for 30min,
which shows decarburization also occurs.

Photo. 1. Ferrite structure formed during aus-
tenizing treatment in air at 850°C for 30 min.
Specimen is quenched from 850°C into water.

5EEESMNE LR ROV TR D€ F A TIlREE
TCEI\w. FLTIDORIROWTEZA.

4.3 FEOETOBRROEELBEVERR

REM L TOBAr VDA vES, HELERT
WEETARERO 1ok LT, EHEEL TORKOEEN
EZx bhbn. b UBEr VAP BRSRRCETS
hu, 850°C M -cir B RHELL K DRE(C) BH
EFLT A %91, a/7 ZHBRCADZ7=71
(BRI hBE Ecics. Ar vOIKEEE L a
TlX 7 Bl BRTDEDREVZ EXRHBRTED,
DX 5B ERREN L TRBA e YK IHS
Tl A. blitAi, a hORr YOIKBIRITET
— 28 (Q =62000cal/mol, Dy=1x108) 55 850°C
HREUEE A KD DB L De=7.8x10""Tcm?/s Lich, [H
CIRED 7 hoikEERIEROF— 255 Dr=1.6
x10-7cm?/s THHN DL a FOHFRLIfFRE .

—7J5, 950°C AP CIIic L X HRARE 2T H A fR
YD L1X7e a BERIhDZ ik,

Fig. 11 % HB $§% 850°C ¢ 30min 7 = vEH
ST Lickh AL Lzt EOKEREL TOREE
BEARER LR THD, Photo. 1 (340 EEE S D
R AT, 850°C TD Ay BORERIZH 0.15% T

— 133 —



1500 g &

¥ 69 &£ (1983) El1lE

B BHH 5, 850°C 30 min ¢4 FKEHE D HE 0.05~0.1 mm
BER 2ZHBAD, FETLZOBREORKEIRD
bh, ZoMBEPAREIRS a BAYERRO KA
EEZbh5.

22T, ZOBROFELERCANTHRD 7 v
PHE LHEeFTAREL L. ENEOHEII LD E
FC, ¥ FEas Al teAre vOFERETLTRE
OBEICOWT S AR T2 L. FHErd:
DT, (3)RD D L UTRED 7 HTO IKEFHEK
(De=0.1, Q =32400 cal/mol?) HFH\~, BHREMEL L
TERBEERE (FHS AT v ) & Fig. 11 Off
B C=0.1% L. 2D X5k LTHELEE
25 ADREREN Ay BrEIUEE e vOFEIMES
R Y 7 D Dy 5 a thd De WEEHZT

30} —— e = -—0g-—0
0750 ?/ b o
7 e HB
VA A
g i o° )/
Q
2,0} o A Cal. Obs.
}‘/ —-—-- 0 850°C
< [+ QJ‘ —— 4 g950°C
S pbeme . .. L
(=]
@ 20t Steel MB
[ e —C -©o0—. —
10} O @ o=
3 !‘ : ‘f a

0

0 0.2 0-4 06 08 1.0 1.2
Distance (mm)

Fig. 12. Comparison of observed data after 2h
deboronization to calculated profiles by the modi-
fied calculation model taking the effect of decar-
burization into consideration. Both in 950°C and
in 850°C treatments are in good agreement.
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Fig. 13. Examples of calculated boron profiles after 30 min and 1h

deboronization treatments.
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