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ABSTRACT

The specimens which were prepared from cokes with additions of 025 wt% B,C were sintered in Ar at-
mosphere at 2200°C. The effects of B,C content on graphitization and oxidation resistance of cokes were in-
vestigated. B4C accelerates the graphitization of cokes and at 2200°C the degree of graphitization mcreased
from 0.33 which is the value of pure carhon to 0.56. which mereased bluk density and porosity. Especially
bending strength mcreased as the praphitization temperature increased. Oxidation resistance property was
greatly improved when B.C was added more than 10wt% at 800°C and when B,C was added more than
20wt% at 1000°C. This was because that the thin layer of B0, glass phase an the surface of the composite

could be identified to increase the oxidation resistance.
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Fig. 1. Changes of mnterlaver spacing dipgy with vari-
ous B,C contents.
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Fig. 2. Changes of interlayer spacing dui, with vari-
ous B,C contents.
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various B,yC contents.

0894
%2 B cos g

o]7]4, B : half heighl width
At wavelength of X-ray
@ diffraction angle

B.LCE #Hr8hA % A% LogeT 1104019129
B.Cel #Hrakd we)t Zrlste] BCAF 10wtsd 71E A
4+ 160Ac® AAstddrl. el "Hrlskd s dele
Lo kel 2 W7} gl Lowelle] 223k 3 283
of =@dt oz A} o|afF Baug FHrd
w2 Z3t Loy disllMe gl Z2o] Az
E 5 oydn 2y Egales AL E
(disordered sile}ell 23 ¥ &4 |
R 2] HaAEA R ol Fghel we}t AT ddabd
A 2R o] 43l fl= Helth o) BAF £G4
TR e gadnle] o2 Bhe] gl
oiel = 952 s =] Marinkowic”'oll whaw 3
a7t wEgae] Zadlf e gkl u 2070°CHAM &
g A Dy s e Aom Fhgnh

D{L3=7 exp (-153000/RT:

& 7]4, Dl L )= C 29ake] EabA|2=o] Tl

o|dlo gy iy B4 xEkbA e gy
2] 2FH FHASD ) Bt 10008 A E ez o
ofdlet. &, avt HrhEAl ge S daddaty of
FEEE AATUAFo| A -wle] Fisit

A 344 A 4 219972



415 Az AAAL-

AatE| 2| g, Bart #ArbET BAhe] A EEHT FE
o3ty BAglAte] olghErt wokd Edgrt E3E

on £ 4= gvh 228AR o) g Bhel aEFe
Azt glong B4z AL A7 U Ha
=2 Aate] 2342 Z7(Le)7F 160A o422 #A)
2 e olfrh of7lef vk A7k £d Fig. 1, 2,

39 duagy diuo@l, 2EIR AR F7] LegyE ¥
g 29 T2 24 Oﬂf"‘]ﬁ-E]'E B2l HrhEe] 10wnd
) Hd =) 7}“‘ delubal 55 & 5 gy o
£ 347 BAFEAA T o102 TN
E|H L0we1101 FAE 2] AL 7| E7b old =
Hgt Zds 71971 &85 ”F“"Ol oldz} Az} T
BC37e} wh2 Zd b iz Fig. 1elX9] dyeitol
HAZA 3354A°ﬂ Oqfﬂ"—]' 7Pl ol B
= AT A Pacull'®L d ik 0] B8] thE el A
e () FRE ‘f}%’—ﬂﬁ.fé FHshrch
_ 344-d(002)
3.44-3 354
dAd FEF2 B duw?t 3354 A0 B2 E45)
T 19 #H9Y dgedte] F25E SA8EE M
2o 2iH Bl #Hrhl uhg Edstz=s A4

=
3 Byl gAhn|e] AL dgmEie] 341240122 549
E]'E(G‘)‘\_:‘ 033?1 }ﬂ'u'j ch;"]' 10w% 1:17]'51‘:5. d(g,;gj?]‘
3392402 FHo] Edalwr 05698 A Zrlels
,a] % )5 )i DT]j_.

BCS B/l W St e A,
r T — 18
1.8
k H186
L\‘\ _'____—El——‘—_u_—_u
b o1ep ™
O
B - —
k=S {12 &
@ =
& B
S 14F o
J_; 110 @
@
12p 414
16
1.0 1 1 L 1 1
a 5 10 15 20 25
B,G content(%)
Fig. 4. Changes of bulk density and porosity with

various B,C contents.

EUEEE

7T, APAES 22 71Ad 54 gelA A gt
Fig. 4= €42 cokesel Wia] B,C2] Hrha-g WshA
A 7PEA 22000094 C-BLEEAE Azg & A2
&7 vode ¥gs S99 dyeth ageM B
o] 7ol Toldel ma} Fodzis HHoE F
7heta glen, 71382 15%elA 12%2 i gl
ol BCH AAZRAFaE Rld 5 3l3dh Fig. 5=
C-BLEFA 98 2525 4542 o BCY H7t
ol AY4r SA4e] wA = Gk vehd e
Ayl a2 v 248e%r) 1300°C--1400°CH
M A YRS Heli 2 o|e] 2RdME FE
7h Mgtk it ghaafel A 1400°CelEe] el ©f
g eAske] delzel shilza] dXa) XSl
w2 ghed 3w o] o) g 23 pmH 2| Aol E =
vl e A7 4 glo) ubeba] C-BCE A
BEE 2427} ol dFE Askd e w9l
29 edy T wE HAA= fhol Folake
AaZ veEhRglth olze Sdstal AA=EE nAz
o] MAdRFe] Fie] AT T gfsled b
A=p A AYA FLe é Fe FElAI Egtol]
& BCAH P @128 mAlE S8 AM gD n)e] we
BEE A&7 Fo C-By C A 9] A= F1E
= 7S gaF

ol#F FHo TN EI C-BCETH S WalgE

Jo

1 &
]

Aol FE s A 5 4 al3dch njATe H
THRe] dagnla Ay B84 dupe 32 A=)
650 T T T T
—u—rpw cokes
g0 | TeTSW% 1
—a—10wi%
—v—15wt%
“‘E‘ 550 L —+—20wt% _
J— 0,
% - 25Wi%
iy
¥ swor .
=
= é a
& 4sor "
o o——’—)—"/
“
T 00| "_“—‘-‘_‘__\_\ g
©
@ e
350 |- -
300 I 1 i 1
1600 1800 2000 2200
Temperature('C)

Fig. 3. Changes of bendig strength of the C-B,C com-~
posites and mamnolithic carbon solid with vari-
ous teinperatiies.



Raw Cokes?) <]z}

7F dojupr] 8 Bdde] rb g gadivas
£ = glon BRI 2% W3 Sl gns) & A
2z A4 Fig. 62 800°C°%W C-B.CE-akA 2]
g ] w2 EEhAES e Aotk ghat
u]_.] AL 3a|7ka] sbgia| e 2 A o] AhEksle] Egkzt
&o] 100%2 Jebdoh BCE 5wt 745 A% 34
7H A3A ] T Fg3tALE L AR TAElER B,
CHrtako| 10wtwe] 4ol Ae skghd| egr T4 g
ol AAa A AFlxic] 547t 2hglel M <k 7%l Bt
st BCe Arhge] Fristd wiel FH0RES o
5 AstEa=t 15wt%s] "7l 3%, 25wi%s A7t

100 T :/v L +
a0 - 4
-— "
—e—raw cokes
—~—
. sof —e—5ui%
7 / —A—1OWt%
o 1 5wi%
= ——20wi%
8 4} —+—26W%
2
20 - 4
0  em— H H M
0 1 2 3 4 g

Oxidation Time(hour)

Fig. 6. Changes of weight loss of the C-B,C com-
posites with oxidation time at 800°C

a
1 _

“al

T

L T

201
‘ b}
i
Pt —_— B
T T T T T
2000 iloa 1500 L 1200 nea IIINI 504 léd
vanusbary
o kA

RES=1E,
Fig. 7. FT-IR spectra of oxidized C-B,C composite.
a) before oxidation
b) after oxidation

HRUNE R R EES Yo L £ 417

A4 0292 FEARG. oIS C-BLATA Fedeof
ZA5 2 92 BLYA 500°CH Tl o T3] @;}
5o BOZ AT} i) absr) EusiA 2
)= LEGICIFTAN SEHHAB02 54
a5 7uc113) A}ﬂﬁ_i j,]\ﬂ_q zﬂ/ﬂ 0}7] “HT':C‘] C]r 0] a
# Haalale] ¥43L 3oldlr] aked AFAHZ A
A CHOHTA FUE U2 AdS FTRE 24
A7} Fig, 75 22 Ao} dojzich. agelA o

= vl 7o) 1400 cm 'l Beil A B-0ddel Al
Fo felg Feaast vepd Fe= Hel B0
Aol olef Watsbde] B4sn 9eg AT ¢

JM»
39 ot (X 32 rSL'

azL

o W BOUARe] 1w ol el HgAe] s
Swisio| 2l H71E B Aol W skie] 2] g
A g A BCY ol ol Heuel Evhg Fiol
A8 % 92 B BOATe] BAY 4 gl o
Solatn Wetuch

Flg 8 ﬁ}'% % GODDCE 0]’)}_.:_!. I[H C'B|C-lgf§}
el FRFAEL UThE Folt BE ATl M5
&5 B00°Ce] B R FHkagol ZA vEhos]

BOOCol A ZeFdAgo| 7~3wt%o] BFeHdd 10~
15wt%e B,CEA Y] ASdz Fakihhgo] 20%E 2
A Zrhskgn). w8 800°C2l 10wt% B.CE7==1d o
o] pEo = likehd & TAF17] flElH e Bl
7hEre] 20wtgpe]did ook gtk detd o 2 whArid] g
B 600°CH-2A g7t 7Hg A otk Rk
B Ao C-B,CERHY A4 saliwrt 2545 2t

100
B0 | -
* —a—raw cokes
/ ——Bwt%)
_ — i Owit%
a L
& 80 / —v—15wi%
§ ——20Wl%
= —+—25W1%
-y
D 4l J
=
26 - e
T ¥ ]
m/ 2 ¥ 2 ¥
0

Oxidation Time(hour)

Fig. 8. Changes of weight loss of the C-B,C com-
posites with oxidation time at 1000°C

A 34 A A 4 F(1997)



413 Qs PAA - A

Bt elg Busl s AU
Tl S R el w39 o ve
el BC7H Hrbeolo} ATk olde gavnlgs g
o CBCEEANA A7 229 BOA
Ag FIlehe dnel Hilagsl Belo] 7] wEe)
25} £ EFE Aas] Bo] B7I5] dapt B2

vERAZ] 2] 2

A gelvbA s oty Bda vidad S Halx e
Hut @ BCE Wkl dAEe Bue] S 5

oF & gart 7] o §eud,
Fig. 98 C-BCEFEE 10000CoA4 1-347F &4t
abzbgt F AlE2) WHg SEMTER ARl o] B

c) after oxidation at 1000C for 3hrs

Fig. 9. Scanming electron micrographs of oxidized C-
B,C composites.

L

4= BCE 15wt 713 Holch BCa Asz gt
S & 5233 AAZ 7R

= w ot Ee] C-BLEE A&

o] akgAlgte] Sodel ole} WAA 07 AAEs
= A3 o) ST whel B g
Aol gled fFold HAde o Azt di
A ez <lE) EAAFk COyle whielehm A
Mhhaere sl 347 & f 100 pmB FRA 47

>-}L

jL

do] o] 23 B Ashurgel WY Eslelehe AL
AT 5 AN B Fig. 89 ABAT] HE FF
a8 ESAGIM 2 Bl m sl

14 =2

175°Cell A raw cokes® B3 )k DL cokesE T

Ak . BCS Rk cobesel Sk skl

D] ]‘4 o ala =]
1. dean @l 3412!\01"}1':4 EV“:] vE BCE

o] ZAFHUL ® dy, 7t 3.392A77 FolE ?JED% %

AL (GleE 03394 05622 Fr)sle] BLCY

@
_@

a4 ik 2 goz hehih

2. BCS A7lgtel Bolds® C-BCETAS 23
AE, 7] gEgo] FAHAR, Fo| AYRES A% @
Sl SR BlTE Lt A B
C-BCETAS AYdEs ol FA9E A 2
k.

3. C-B.CEZH g dsld el a5 300°Ce
A% BCE 10wtweld F7tg o, 1000°Cel+le
20wt%eld Hrbg w Jatabd g =34 dHdERlew

ol 'iﬂzﬂ Zwe| B0 S-&dre] FAH%7] u
& F908 5 2l
REFERENCES

L8, gela 244, HaE, wadl Az ol
A Raw cokes—] g C’J'ﬂc}, a%lshEA|, volil,
No.l, 97~103 (1994),

2 Kenji Miyazaki, Tsuyosht Hugio, Kazuo Kobayashi,
“Graphite and boron composites made by hol-press-
ing, J. Mmer. Sci., 16, 752762 (1981)

3 Kenyi Mivazaki, Tsuyoshi Hagio, Kazuo Kobayashi,
“Effect of Hol-pressing Pressure on Some Prapertics
of Polycrystalline Oraphite,” 3R, No.111. 141148
(1982)

4 Kenji Miyazaki, Tsuyoshi Hagio, Kazuo Kobayashi,
“High Temperature Electrical Resistiity and Thermal
Expansion Cocfficient of High Dense Carbons and
Carbon-Ceramics Composites, %3, No.l24. 18-25
{1984)

5 Susumu Mukohara, Hirosluge Suzuki. "Isotropic. High-



Raw Cokes?] Z<13 o W43« wx& B,CAH7L 59 419

Dense Carbon Blocks Prerared from Low Distillated
Pitch-cokes,” Yogyo-Kyokai-Shi, 84(11), 9~12 (1976)

6 Ichitaro Ogawa, Kazuo Kobayashi, "Oxidation Resis-
tance of C-SiC-B,C Composite in Air," J. Mater, Sci.,
23, 1363~1367 (1988)

7 C. E. Lowcll, “Solid Solution of Boron in Graphite,” J.
Am. Ceram. soc., 50(3) 142~144 (1967)

8 Kim Kinoshita. carbon, pp.32, John Wiely and sons
publication

Q S. Marinkovic, "Substitutional Solid Solubiity in Car-
bon and Graphitg,” pp.13 in Chemisiry and Physics
of Carbon, Vaol.19, editrd by Pillip L. Walker, JR. pet-
er A. Thrower

10 A. Pacault, "The kinetics of graphitization,” pp.109 in
Chemistry and Physics of Carhon, Vol.7, editrd by Pil-
lip L. Walker, JR. peter A. Thrower

11 {BERkRE 5537 2L T pp.940 (1975)

A 34 A Al 4 E{(1997)



