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Graphite Nucleation on Boron Nitride in 0.53% C Steel

Takashi Iwamoro, Hiroki Orta, Toshiyuki Hosuixo, Keniti Amano and Junichi SuivoMura

Synopsis :

The effects of boron, aluminium, and rare earth metals (REM) on the graphitization at 700°C in 0.53% C steel were

investigated in order to clarify a mechanism of graphite nucleation on the precipitates using a field emission transmis-

sion electron microscopy.

The graphitization is promoted by the addition of boron, aluminium, and REM, since the precipitates such as BN, AlN,
and REM-sulfide play the role as nucleation sites of graphite. BN increases the number of graphite particles and
shortens the time required for the completion of graphitization more effectively than AIN and REM-sulfides.

BN in steel consists of several single crystals whose [000 2] axes radiate from the center of particles to the surface.
Therefore, BN particle exposes its basal plane of (0001). The (0001) planes of a graphite particle epitaxially nucleate
on each (0001) plane of BN, and each [0001] axis of graphite also radially grows to the surface.

BN and graphite have a similar crystal structure to each other, and the morphologies are also very similar. It seems
that the graphite particles easily nucleate and grow epitaxially on the surface of BN.
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Table 1. Chemical compositions of steels examined
(mass%).

Steel C Si_ Mn S B Al REM N

Base 0.54 1.17 0.29 0.011 tr. 0.004 tr. 0.0032
A 058 1.15 031 0.010 tr. 0.032 .tr. 0.0043
B 054 1.14 031 0.010 0.0017 0.005 tr. 0.0040
R 053 1.19 0.31 0.009 tr. 0.010 0.023 0.0037

850C
700°C
.C.
05h w.Q.
i0h '
1h 03h 30h

Fig. 1. Schematic diagram of heat treatment for
graphitization.
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Fig. 2. Microstructures of steels after graphitiza-
tion at 700°C for 10h.
a) Steel Base,
b) Steel A (0.037mass%Al),
¢) Steel B (0.0017mass%B),
d) Steel R (0.023mass%REM).
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Fig. 3. Microstructures of steels after graphitiza-
tion at 700°C for 30h.
a) Steel Base,
b) Steel A (0.037mass%Al),
¢) Steel B (0.0017mass%B),
d) Steel R (0.023mass%REM).
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Fig. 4. Changes in area fraction, number, and mean
diameter of graphite particles with the hold-
ing time for graphitization.
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Fig. 5. Number and mean diameter of graphite
particles in steels containing B, Al, and REM
after graphitization at 700°C for 30h.

OhCRFFA X BEOWME R B L R L72hs, Hin
REIZIE LA ERILL ki,

BEMLDOMEATIE BEADORAM L & 2, BHIZ10hD
ORFErP ARG & b 5E T L 72, 10nfRF T EEn{byT5e
TULab»o A8 & ORI, 30hERE:E 3 CHRHEER
PR L7298, BERRIEUL 10hRFFLIBERS N2 37, KiRD A
DML, 2O LI, Aflis L ORI T b BEGOD
FAERZ700°CT DIOhREFDHMIIZE T L TE b, 20U
DESLDOEITE R REOREC LB L2RET 2,

3OhTRFFIZ D BRI & CRIEZ Fig. 5 (2T, REIT
74/ mm?¥F & F12.24m, ASHITIE100ME/ mm2¥ &
12.3umT H - 72Dz xf L, BETIZ590ME/mm? & ek

69

.;(b

0.53%CHi (= 31 2 BN_F~O B84 K

BN Graphlj(e .

¥

(0002)gNsGr.

(0002)g;.

(&)

Q(112)aN

AN
o
(© Graphite |
¢ (0002)g;,
(La, Ce)s (220)(a,ce)s

fpum .

Fig. 6. Transmission electron micrographs of the
graphites nucleated on the surface of precipi-
tates in steel after graphitization at 700°C
for 10h, observed using H700-HS transmis-
sion electron microscopy (200kV). (a)steel B,
(b)steel A, (c)steel R, (d), (e), (f) selected
area diffraction pattern (camera length : 0.80m)
of (a), (b), (c), respectively.
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Fig. 7. Field emission transmission electron micro-’

graphs of a BN particle precipitated on the
surface of MnS in steel B prior to graphitiza-
tion.
(a), (b) : bright field image, (c) : diffraction
pattern of MnS (area A), (d) : diffraction
pattern of BN (area B). Spacing of stripes
in (b)is 0.33nm, which equals to the spacing
of (0002) plane of BN.
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Fig. 8. Field emission transmission electron micro-
graphs of a graphite particle precipitated on
the surface of a BN particle in steel B after

raphitization at 700°C for 0.5h.

a), (b): bright field image, (c)diffraction
pattern of BN (area A), (d): diffraction
pattern of graphite (area B).
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Fig. 9. (a) Distribution of BN particles prior to
graphitization observed with a fission track
etching method and (b) distribution of graph-
itehparticles after graphitization at 700°C for
30h.
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Fig. 10. Relation between the number of precipi-
tates and graphite particles.

Table 2. Crystal structure of graphite and other
precipitates'®.

Crystal .
oo @A) Single/Poly
Graphite Hexagonal 2.456 Polycrystal
BN Hexagonal 2.504 Polycrystal
CeS Cubic *4.086 Single
LaS Cubic #4139 Single
AIN Hexagonal 3.111 Single

a,lattice parameter *on (111) plane
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Fig. 11. Schematic illustration of nucleated graph-
ite and polyhedral BN.
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