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In this study, the relation to

higl perature CnViIc

Hexavalent chromium generation and various factors were investigated using chrome sintered. As a result, It understood that Hexavalent chromium compounds generation was affected
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electrode Resistance cor : :
\ Material %’ri(ag%
e Meta-kaolin (1.4 um) 27.0

Insulating
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L RS RESEESREEk:

(i a-Alumina (99.99%,0.1um)|  37.5

Carbon black 355

Fig. 1 Schematic diagram of test furnace.

598

254



—MRBAEARLU LT I v 7 IRGHREGE R - TR REEE (2008-2014)

Xy 63 (11) (2011)

S & =B
S o o

=23
(=]
T

Electric voltage /V
Electric current /A
S 8

Current

o
o

0 ' ' e Fig. 3 Core obtained after heating test.

@ AIN
A Al;ON
X Graphite

2000

1000
400
200 / @ - x

° ' . ‘ JL_U i l_ ik
A .A_ A
0 10 20 30 40 0 = L =

Time /min S5 10 15 20 25 30 35 40 45 50 55 60 65 70
26 /degree

ol

=)

S

S
Intensity /Counts

Fig.2 Temperature change in the furnace during

heating test. Fig. 4 XRD pattern of reaction product.
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Properties of Carbonized Wood

Tomoyuki Maeda, Akira Yamaguchi and Yasuhiro Hoshiyama
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Review

Fundamentals and Microstructure of Silica Brick

Akira YAMAGUCHI

1. Introduction

Silica brick, which is a superior refractory product because
of the good properties of silica, was developed long ago. The
first silica brickworks in Japan was opened in 1891, and the first
Japanese silica brick patent was granted in 18947, As
construction/lining materials in glass tanks, coke ovens, etc.,
silica bricks are used for a long time (10-45 years). And because
of the long service life of silica bricks, they are hardly produced
in Japan because the number of bricks required is so small.

However, from the general consideration of the good features
of refractories, it is known that silica brick provide some
important scientific knowledge, and it is important that this
knowledge is handed down. Therefore, this paper is intended to
describe the basic characteristics of silica brick.

2. Crystallographic Characteristics of SiO,

Si0, has many polymorphic forms”, such as o- and B-quartz,
0-, B,- and B,-tridymite, o~ and B-cristobalite, etc. Figure 1
shows the stable relations among the silica polymorphs as a
function of temperature. (The vertical axis of the figure shows
the equilibrium partial pressure of the gas phase from the
condensed phase, for an index of the stability. The condensed
phases with lower partial pressure are more stable.) o-quartz,
B-quartz, B,-tridymite, B-cristobalite, and liquid are the most
stable at room temperature~573C, 573~867C, 867C~
1470, 1470°C ~1723%C, and above 1723C, respectively. The
transition between quartz 5 tridymite < cristobalite proceeds

B -Crisobalite

Silica glass 1470

B 2~Tridymite

(stablc) «—— pressur —# (Unstabic)

Temperature range for
sintering of silica brick

1300~1400C
Temperature /°C
Fig. 1 Stable relations of Silica polymorphs vs.
temperature.

with difficulty, besides being slow. On the other hand, for quartz,
tridymite, and cristobalite, there are low temperature (0i-type)
and high temperature (B-type) polymorphs, and their transition
occurs easily and quickly.

Natural o-quartz, which is the main raw material of silica
brick, quickly changes to B-quartz at 573C, but it hardly
converts substantially to B-tridymite at 867°C during heating.
B-quartz, which does not convert to P,-tridymite, converts to
B-cristobalite at around 1,250C during heating. Furthermore,
when it is heated to around 1,400T and then cooled, it becomes
a mixture of o-cristobalite and o-quartz at room temperature.
When silica bricks are made using only o-quartz as the raw
material, there can be some remnant quartz in the bricks after
firing. Therefore, the bricks can crack during use, because of the
big volume expansion involved in the transition from quartz to
cristobalite; the expansion differences between the silica
polymorphs is shown in Fig. 2¥. Therefore, it is important for
quartz to be stabilized as cristobalite or tridymite in silica brick
as much as possible. And it is preferable for quartz to be
converted as much as possible to tridymite, because, tridymite
hardly converts to quartz, while cristobalite may convert to
quartz during cooling.

3. Production of Silica Brick

In the production of silica brick, it is necessary for the SiO,
to be stabilized as tridymite or cristobalite. Therefore, the bricks
composed of quartz raw materials, with added lime and/or soda,
are heated at about 1,400C for a long time.

0.47
163°C
n7ec |L%=7 Tridymit
+).2% - .
045 \: 4 Cristobalite
E / 2701C I
3 LA Vo
° L~ !
o 043 = >
o
7
041 F—
v
0.39 Quartz
0.37
0 200 400 600 800 1000

Temperature /°C

Fig. 2 Specific volume change of silica polymorphs with
temperature.
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Fig. 3 Phase diagrams for alkali oxides (Li,O, Na,O, K,0)
with silica.

Table 1 Composition of crystals in original and used silica
bricks

original silica brick silica brick used for 28 years

Cristobalite Tridymite Quartz | Cristobalite  Tridymite
(Use temperture (above 1470°C)  (below1470°C)
avea of the brick)
Si02 99.43 97.13 99.64 99.60 97.35
Al:Os - 0.14 - tr 0.17
CaO 0.01 1.90 - 0.04 2.05
Na:0 0.01 0.04 - 0.15 0.21
K:0 - - - 0.01 0.04
Fea04 - 0.21 - tr 0.01
Total 99.45 99.46 99.64 99.80 99.93

With the addition of lime or alkali to the silica mix, upon
firing, SiO, is stabilized as tridymite, as shown by phase
diagrams for alkaline oxide - SiO, systems, in Fig. 3”. In silica
brick, a little CaO, Na,O and K,O is contained in tridymite
crystals, but hardly any is contained in cristobalite, as shown in
Table 1. However, it is not clear whether CaO, elc, exists as
solid solution in tridymite crystals or exists between (he
tridymite crystals.

In the production of refractories, a sintering agent and/or a
crystal stabilizer are commonly added. Such additives may cause
adverse effects, like a decrease of the refractoriness under load
(RUL) and/pr hot strength. To avoid these adverse elfects, it is
important for the brick to develop a microstructure in which the
low melting phases are surrounded by solid phases, as illustrated
in Fig. 4(A). In the production of silica bricks, it is possible to

make such a microstructure by adding CaO, as discussed below.

4. Sintering Mechanism of Silica Bricks

The sintering of silica bricks occurs by a “dissolution-
precipitation reaction” . This mechanism is explained next based
on Fig. 5.

When CaO is added to SiO,, liquid develops from 1,441C,
according to the phase diagram of the system CaO-SiO,, shown
in Fig. 6”. However, liquid can be produced at 1,400C because
of several kinds of impurities that are present in natural silica
raw materials. When a silica brick compact is heated at about
1400C, most of the silica converts to cristobalite and the liquid
is saturated with SiO,. Figure 5 shows the condition that this

(strong bond between grains)

(weak bond between grains)

Fig. 4 Schematic view of the microstructure of refractories
with strong and weak bonds.

Tridymite

precipitation
of tridymite

rerrrrrrr T

PYYYTTYIVETIN /

Liquid
dissolution of
cristobalite
Cristobalite
Fig. 5 Schematic diagram showing the dissolution-

precipitation reaction in silica brick for heating in the range
1300°C~1400°C.
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Fig. 6 Phase diagram for the system SiO,-CaO.

liquid is surrounded by cristobalite and tridymite. Because
tridymite is more stable than cristobalite at around 1400TC,
tridymite precipitates from the liquid. Then the liquid becomes a
little unsaturated in SiO,, and unstable cristobalite will dissolve
in the liquid. Stable tridymite then precipitates from the liquid
which is again saturated with SiO,. In this way, tridymite crystals
grow by the repetitive dissolution of cristobalite and precipitation
of tridymite. With the growth of tridymite crystals, liquid is left
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Fig. 7 Relative change of the polymorph content for a
silica mix containing 0.2 mass% Na,0+0.4 mass% K,O, for
different firing times and temperatures.

behind between the tridymite crystals. The sintering process,
which depends on this mechanism, needs a long time to occur
because of the small energy differences between tridymite and
cristobalite. Figure 7% shows the polymorphic relations for a
Si0, mix with (0.2 mass% Na,O + 0.4 mass% K,O), heated at
900-1600°C for various times. When the compact is heated at
1000-1450C, and especially in the range 1200-1400T, the
formation of tridymite increases with time.

There is another reason, in addition to the above-mentioned
reason, why CaO is used as a sintering agent. It is as follows:
when 3 mass% CaO is added to SiO,, the quantity of liquid
phase is 8 mass% and 11 mass% at 1441 (+)C and 1689
(—)T respectively, based on the phase cquilibrium diagram of
the system CaO-SiO, (Figure 6). In other words, the quantity of
liquid phase increases very little with increasing temperature,
and the properties of the refractory are hardly affected by the
liquid phase. Therefore, silica brick can be used to 1600-1650T

without problems.

5. Microstructure of Silica Brick

Figure 8 shows the microstructure of a silica brick, in which
the “dissolution-precipitation reaction” occurrs during sintering,
as mentioned above. When CaO, Na,O and/or K,O are added,
tridymite crystals develop by the “dissolution-precipitation
reaction” and then liquid is left between the tridymite crystals.
As a result, low-melting components (which contribute to glass
phase formation), and pores, are isolated between the tridymite
crystals.

Figure 9 shows the microstructure of a new silica brick (A)
and a used silica brick (B) after 28 years service in a coke oven.
A remarkable change is visible between the new and used bricks,
so at a quick glance one might think the views are of different
brick. Quartz and cristobalite do not exist in (B), as all the
crystals have become tridymite, and the low melting glass phase
and the pores are surrounded by tridymite crystals. As discussed,
the growth of the tridymite crystal depends on the dissolution-

separation reaction which has continued for an extremely long
150
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N A
Fig. 8 Representative microstructure of a silica brick
before use. (L: low-melting components)

Fig. 9 Microstructure of a new silica brick (A) and a used
silica brick after 28 yrs. service in a coke oven (B).

time (28 yrs.).

6. Summary Comments

The refractoriness under load (RUL) of silica bricks is high,
thus these brick are usable to 1600~ 1650C, despite having the
lowest melting point (1,723C) of the main high temperature
refractory oxides (Al,Os, Cr,0;, MgO, CaO, ZrO,, SiO,). The
brick are used for the roof/crown of glass tanks, in coke ovens,
and in blast furnace stoves in the iron manufacturing process, for
very long campaigns of 10-45 years. The author discussed the
reasons why silica brick has superior characteristics as
relractories. Not only do added alkaline-earth and alkali promote
sintering, but also the low melting components containing them,
and the pores, are surrounded by tridymite crystals. In other
words, the added alkaline-earth, alkali, etc. do not adversely
affect the properties of the brick, given the sintering mechanism
by the dissolution-precipitation reaction. The evolution of the
silica brick microstructure is thought to give valuable guidance
for the improvement, and the development of future oxide

refractories.
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Alloy: Al-Si, AlI-Mg

Carbide: SiC, B4C, ZrC, A,0,C, Al,OC
Complex carbide: A7,SiCy, AlgByCr, Al3Zr»Cs
Boride: B,C, ZrB;, CaB,

Nitride: SizNy

fEA#H | Phenol resin, Coal tar pitch 2~4

A8y biFh

RECHEND. LALasb, RECHEBLIhG V&S
KEBWRRABBD. CNEMRTHHELLT, R4R
T, 2B, &k RICWEEOFBIHBHEMING LDk
7. SNOIFBYDERNZEIL, RORIGATREINS
L2, WAMATREDOIILIZ L - TEL 5 CO(g) &I
L, RELBDEERTH L THS.

*M +yC0(g) =2C(s) + M0, (s, 1) D
M,C,+2C0(g) = (y+2)C(s) + M,0.(s, ) @

#EITNE, CO(e% COICRTLL T, REDHD &I
THIETHSB. RS, s 58, REREROK
BUICEE$ 5T LICh D, BLEGPRALIIHICT 5.

EHRER OW B % E T 5IEFMLOWwING, HREDR £
KBROTHETHS. ZNIEFI, HEHASKCEY TERY
DEFRERT, SOIKEZOEEPRELE 2 THRINL, &KKR
KREDMFASE B EOICT B ENEETHS.

ARTRZDOHIE LT, AlO;~C Rl ki iRInE hiz SiC
BODER) L REFVEL, I LU MgO-C 5ilit k¥ Dk frE
B OB D\ TRtk 5.

(1) AlLOs~C Rk (Z &3 SiC RIDEH) & FREFE
BoOR

— e LT 1600 K DBEIC>WTHMT 5. H10iE, KE
& SICBEFL TWABEATTD CO(g) 7 EILK ¢ 5 RERNE
& Si-C-0 AKMEDFHHE%~d. 0.1 MPad CO(g)
FHEZT T SiO (s) BEREREHEHE TH 5D T, SiCHIT
Co( &b L, MADKMELL 5{Z 2 TiE, T4
SEORSEW SIO(g) #H ) B CTHMAT A, COHEL
WOTMHEDOTFESE L L, BEBERICH D, LOKEETH
LThMUFEREARS.}

SiC(s)iZ CO(g) LML, SiO(g) & C(s)®LLU 5.

SiC(s) +CO(g) =SiO(g) +2C(s) ©)

CORIGIC & T, CO@FEIRTMBY, SiC(s) & SiO,(s)
LDPHFTES CO(2)HIE(log poo= —1.051) £ 755, Dk
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(¥) Si0()+CO(g) =Si0y(s,)+C(

SiC B E R GCHORE . [({xw) SiC(s)+2C0() =Si0,(s.)+3C(s

ﬁ . _A_.‘_ ..... -$i0(@

() SiC+CO(g)=SiO(g HZC(Eﬂ
s

o CO(@
—gf. 17 T R 9

O e
Si,Clg) .~

— 12 N

TS

T scg 3\ :

—5—4-3-2-1 o’il§‘§'4
log pco
10 Si-C-0 XD (ks 5B (1600 K)

SiC(s)+CO(g) =S

e X i) PRere
11 Al,05-C-SiC FRiit XD REFHE(CHR & M7= {FEB

I HE T 5 Si0(g) D4 FEV (log psio= —3.526) & 7c % (Kb X
).

JENCHR#L L 72 SiO(g) i, CO(g) 4 FEAMEIE 0.1 Mpa & &
SN AT KPEEAITET L &, Si0(g) DFHS FET R 3
BOTEPBY B, KOG L - T, Si0y(s) & L THHE S
BTl A.

Si0(g) +CO(g) =Si02(s) +C(s) ©)

ZDWETE L 72 Si05(s) id, AS 7 ERIGL, B1OFAE%ED
ALOs-Cii kK DORFEFHEOYREE» BEINE L 5%, &
HHREROWHICE S TS5, COREBOURICE > T, BE
Dilit KPDOPIFANDIENIINF S N, S SICBALBER SN 5.

(2) MgO-C Rffit k#rh(C 1T B (RERB DO

MgO-C it k ¥y DOFEMHIZ MgO DBER#ER TR S &5
FEE LT, AlMg &&K7x ¥ OmmMARE LN T E /5.
W, MgOBBER M IEH VHEkE LT, MgO DR
LAY B, BABMNOSRBEOSOETREI NS L 51C
o TETWA. [12i, O kO FEAEOEE D
(LS NieWila L S OBRRHEOMEETH 5. B
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G Bl n B AR S TRV R
FAE S T A S

[Bfean<

)

WIR W T

*

fban/cfaid, WS 7RI sk & SIALIC & -
T MO WIMATES N, <7/ 32y TEBEERIH S, B
FROBRAMIE &M E A FEEIC L T\ 5.

4. BCEEMXMICHETT

E U2 REEGEM KD & 7%, ERAFORMIRIH D
FIGH 5V EFHECOAS 7 LORGREILE > T, B
DORERWLE RN b7 b N5 &5 kil k% B CAEE X
WLEsI L 5.

REGAWMKYCESICIOAERLZEBTELH, B
1313, RESHM AW BT DHEMS NI OZET)
L, TN R > THA L SN ABEEHEZERARTRLADD
TH5.

REERT KL, ERSTOMBEBL, 7=/ —VHiE
DS IEEHD, WEHERSE & K (CO, COy, Hy0 2 &) iITs
fEansd. TOKMIZ L - THOKIBEE SN, it kD5
ERET5. Lal, wmins I tmid 250 &
5> THEL7CO(Q) ERIGL CEICRTL, BHOBELIEEY
BEWL, Th & RRHCAR L 2 Bbid, KFLICEE L SR
BEASE DL, BICEMEY & UG L RIERE & 16 &
5, TOCRERERMTICEBEY L L CRETAI I L

rolective
er

(1) CO@DCSINDEITTIT & B R B e
DHI t‘ B CEEm kY
|

yILZIRES

XM (s,]) +2zCO (g) =MxO0z(s,)) +2zC(s)
MxCy(s)+2zCO(2) =MxOz(s,)) +(Y+2)C(s)
(2) [KILE DR D
(3) ARTRE DB 56
(4) REHEE DL

H13 RESAEMAYICSHT D BCBEREERTRIE

<, FEEHERVEICES L, T mH R ORI 5
YAsH

&R U 7o L O RE R 7 DRLEE 0 Bt %l
FTHI LI LT, KWEEBTAS Y ERIGICEL, Bl
(E&H B A E R ORE D & 72 AHREBHIVR S/ B & D
I T, —EBOMAKOR LSS hS

LH8%1%, TOLHCBERRAYORENSBELLSS.

5. » <& N &

iy KA 2 T G E T TR I N 7280, TNENDSEHFIC
HETHHABCHMBEEILT A EDNEETHS. LDDHIC
i3, BEOERCEBEMHT LI LICL-T, ThETICE
BEN/oRAERERL, (FAYEL UREPMbIhs &
T K OBFRS IR EI NS,

X ik

1) Phase Diagrams for Ceramists, vol. I~ (1960~), Am. Ceram. Soc.,
2) IWDMAR, k4w, 62[1], p2-6 (2019)
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SE25 A4 KT & CPIR244F 4 H24H ~2501 )

it KA BIEAE B B et R 5
@) HAXNOREERIAEADL—HF—T5 9L 1E0ERA
At 7 vy AEIFREAME OWARR RMEHR LNRR

Application of Laser Flash Method to Thermal Conductivity Testing of Refractory Products
Hideo Asakura, Shuji Takeuchi and Akira Yamaguchi

1 FL®HIC

1980 Iz, WA DEBAREEDRPE~D L — Table 1 Typical specification of apparatus
Y—77 v a (BLF, LF) EO@EANE V2T System LFA457/2/G MicroFlash Laser
bh, NRBRA (10X"3mm) TORELEOHEA Flash Apparatus

o, LFER A2 S teMtkIcERTHZ LD Temperature range | 25 - 1100 °C

;éﬁ L& 75‘5?52:}% = niz, L, EE, LEFRE L Test piece size ?25 4%x"1-10 mm & ®10x71-5 mm
SNTERPEEINEE (R 1) BERINLD Laser
ERWHORELSELLTWB Z L2 b, SETM A
Wt B & 20T, B Ttk OBV E E R E
~O LFEOHEAM R % £ LT, A2F TIiX, Mg0
CHADR (R2) ODREBERIZOVWTHRET D,

Nd glass laser, max. pulse ener-

gy :15 J, pulse length:0.33 ms

Detector InSb detector

Table 2 MgO-C brick used in this report

2 EEBAZE Baked temperature /°C 330
[E lot @ 5 & OHEEEFE D & s FEE 5 [ ) OEHE A 5 WA Top MgO grain size /mm 7
W& 3 EORBRA (Y25.4%710 mm) 4 15 EEZEEL, Top MgO grain amount /% 15
300 COBMLHEBER CHBEZRE Lz, BfzERIZ, Zh Aparent porosity /% 2.1
bé %%E@ﬁgfﬁ bRDTz, Bl Iz, HEAFMNG JIS R Aparent specific gravity 3.00
2251-3 DFRA Z I L TEIRIE CTEMRERZME L. [ Chemical composition MgO 78.0
3 BRLEE /mass% TC 15.0

3-1 RIEHR .
R IR EICEAFEOREREY T, RS LF X Table 3 Test results of MgO-C brick

WIREHET NS kL WARVKE, BEETRE IS B Testresule | P L P
Biiavs, =75, JIS MBS BT, BB | Fevereea Wit ) 22 ) 292
TR b LB EY o 72, LF T —EDRENGE (SD/WmK 295 | 099
NTHY, TOREMEORIEEN LIEARHHCE D,  (Note) Liaser flash method, JS: JIS R
3.2 me?im & ﬁ{f§$0)|¥“ﬁ 2251-3 method, A :thermal conductivity
B 112 MgO-C LA DD R 7 % 30
X Laser irradiating
%(E)}:Fﬁ(ﬁlﬁpfﬁ@% "e 25 surface 25 | T r/\I
15 ROHERREZRT, B 2 . -
«__» ;‘i%?ﬂ” E'fﬁ, « . » ‘j:zlzi-éj g 20 ﬂ;ormltng pressure 20 |
- 5 irection
ETHL, BEMGALEERT g4 [ — x 15 | (1] forming pressure
[ TERRERIZ 1.7 FOENRE 8 @ direction
bonD, WABREMcE 0 T T T T T T
SRS OB A 23 AR I R = Brick number Brick number

REIETIBRPELNI, .
Fig. 1 Thermal conductivity results of two sampling directions.
4 FLEH

LF &1L, SEMRH Y BREREA TE 20 MgO-C AR DEGCERRAEIZAENTH 5,
R
1) $ARGLTERR : A= XN X - L ELEFOEEICET HRENFIEHRE, BEHS (1986).

114
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Bo5[AI4E KA A 2 (CPI%244FE 4 F 24 H ~25H [l i)

i K E 5 B B 4 k) R 9
(30) Cr,0,-Al,0,-Ca0 RAFMD 6 Y O LERICRIFT HMFIDEE
MlETIy 7 AEAMBERME OAMRZ IWAHE EIURZE
HERKRY  SHERAE KRR
Influence of Additive on Precipitation of Cr®* Compound in the System of Cr,03-A1,0;-CaO
Tomoyuki Maeda, Akira Yamaguchi, Yasuhiro Hoshiyama, Takeo Urabe and Shinji Mizuhara

1 #8

7o MESWIZT A YR Cad BNIEFEET S & 10000CU TOBILEHKTICBWTHER Cr™
b EAERT S, FIZALONEMEND &L BERERICBWTS Cr* b nEmRT 5,

KIFZE T, ZROEIMNFE BT Cr,0,-A1,0,-Ca0 RAEWIC BT D Cri &M ERIZ KIE
TIRMBIOEE LB 5202 L, Cr (bAoA 23 A7,
2 EBAE

Ca0 : Cr,0, : ALO, : WHNFI=1:3:1:1/FHEIZR B & 9 ITRIEHK D CaC0,, Cr,0;, ALOEB LW
WINFI &2 BA Uz, BWINFNTIZ Co0, Si0,, Zr0,, Sn0,, Mn0,, V,0,, Ca(P0,),%& R\ iz, BEH
RKERF L, KET, 700~1450°C DBULE 21T o 7=, FEBWEIREICR T 2HMELEET S
=0, BlH % (BREZBRICET) OMmEK X BREIH ZRIE LT,
3 HEREBIUER

TICEBBIEEICRB TS CrdbAMo e — 7 BREERT, V,0, 2 EMNT 5 & Cr*bEWix
ER LR 2T, V,0, DILAM & LT CaVy0, B LT Ca,V,0, MERK L TRV, Cad 23 V,0, & K&
LTHESN, Cr,0, L OFISAIG SN ZE2 b5, FEERFERMD Ca(P0,),= 2r0, Z BN
L7=RECTHEE SN, Ca0 &G LR TWIRMANE EMHEIENENZ ERFRITE 5,

Si0, ZHSM L7z 3B TIL 1450°CIZ72 B ¢ TN E TA

LTV G LR MR L, SR ERI L oo [ [oosoma (260w,
Cry0; DHMBAER L TWAHZ &Dvh, 1100°CE TIZAERL 800 =
LTCWA L EWIE AT 7 AFBICE Y A E L, BREEDIK 600
W Crp0 [ Z BT H T 5, BT H L7z Cry0, 12ERED Cal 400
BEELRVEDIC LR ER Lish ozt ™ || J 1.
Hxhs, . 0 1100 “C.auenched ;g,a:Arleic‘:Dre*o,s
Sn0, & WA L 72 BUBHCIE, 1450175 & CaCr0, & acro,
DE—7 REARA~Y 7 FLTEY, 2Ry o™ 2,0 =
CAMDERBND R ote, BRIAZLTHE  § 1
— 77 FPBEV a0 mERTABE I, 0
CaCr,0, ~Sn BEET 5 Z &I X Y CaCr,0, > 5 CaCr0, 800 ‘g%ﬁ?%%f‘ow
~OEERE LI EZ bND, M0, B LN C0 & oo n Cack:0,
WU =530RHE, IINAI & Cry0, 1 S L7z cr¥' k& 400
YMOERRIFIDRITH N o T, 200 H

UEDZ EnD Cr L ammElic R b 5 HRA O o, Go0 WO, 0, vor Swb a0,

13 Ca0 L RIG LR TWIRIMAITH 5 Z & 3binol, . N

4 E=E0 Fig.1 XRD intensity of heated sample.
ZREDIINF & VT Cry0,-A1,0,-Ca0 FHFMIZ BT 5 Cr L& M AE R RIE T HMAI DR

BIZOWTHRF L, Cr'b a0 ERME 2R Ao R, Cr0 T 5KV b Cad & DRI

BEWIRIANZ £ Cr*b MO ERMBICIR B H 2 Z E B LN o Tz,

HEE AT TR 22 EEWADA RS RS L > TEBLE Lz, E<BILBLETET,
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RERRFDRME
e Ty s ASIHRBME  OMEMZ, LOBR, 2ILRE

Graphitization of Carbonized Bark
Tomoyuki Maeda, Akira Yamaguchi and Yasuhiro Hoshiyama

1 #§

AARTIE, MABOFEEFEOL ZMNURTFEL TS V. BERGIOML, SEICKTHE
R 72 EOEEN D, FEZBMATEROVBEIVIHIESNE2BNARH Y, FRIZE-T, BF
WCHERTDLERD D Y,

MABERIOFCTH B EDRFEIL, BATOEMIITEAL LR, AEIEEFELTHDS, —
5, MILBREREMIZBWNT, N A~<RFHATE 2EEREEYD, FH 127t ELTEY, K8
FNIARK, A A& ) — N7 EOBRBNCFIAI N TWS, LL, &Y 2E8IEEFIHINATED
T, FOWNRIIAKRBOBE & 72> T D, —RENICKERDLE LN D IRFEOIVET, 20%E &V
PTkY, BFIAS N TOWRWKRBROB K Z R(LT 5 &K 5500t/ FDRENELND, BARIZE
TAEMBIOI—R T T v 7 OEARBITZNZ 45000t/4E, 134000t/ETH Y, A&
DNTIRBENDEBENO L O RERERZCTH D BTN 10%, H—Rr 77 v rDXd IERERE
THHRBITHIDRELZEFETOATH Z, ARIZBNTHIREZOMBRAREIZRD EEZ LN
Do
MkBRAREREZENTRET L HED—DL LT, AMEZAWDZ L2 AT, ZhETO
BFET, AMHBEEORZORMEL, ERERFBLUOFELZHF L TEHY, 2000°COEME AT H =
ETCHRBIEDROREITT 2 Z &b o7 ¥, REMEIOSELRYETEOBEICER T 2ENE
bh Tk ¥, KERRZEOBIMLN 7 =/ — ViRl sk DR EOHEREMEAE L 0 HHEEITL
FEBE LT, AMPIIZEEND MY (K7) BRERLTNWD EE X b, AR TIIREDOR
SMEIEER E L TR DR E 5D S Ca TRICER L, KERREOENLERAT,

2 EEBAZK

IRFEOAS & LT, AR YICB O TR b G Lo A 721 K (Bark) & AV o, MR & RRH,
100°C, 3 IRFfSErfe U7, ®ofi% O % 0. 14-1. 36mol-L™' @ CaCl, KIFE~EE LT, RIEHZOR
Bl A IR C 24 FFRLEE L, FEIZ 100°CC 24 REfERzE: L7, HRfe OB & JRFMR T, 1000°CT
AL LTz, RALE ORI 2 7LD FERRT, 1400 38 L OV 1500°C TESME LT, BEnLEFOELER
IBE[EIE 0, 6 B LN 12 FRfE & L7z,

BIMEDIREE AW E R XRRETEE 2 AUV T 20=26°FHE D 7T 7 7 A b &— 7 58 TR L7z,
F 77, 1400 B IO 1500°C, REFA D OS5 TR L ZFEHZ DWW T, 206=24-26°% 40KV, 30mA,
AFx A=K 0.2%min” OFMETHEL, &R OMRE, HMiEl X OREREDES VI
DWTH R L 7,

Bz S TR b O ZE{biE, 0. 14 3B X V1. 36mol-L'-CaCl, /KIRIE & &% L, 1500°C CEMILEE
PTo-#B2FAWT, KEP, FIEEE 10Cnin ICBIT2BERBR(LZRIT TS Z & TRHMEIL
7.

3 HEBLUBE

B 13BL0E 212 1400 38 L O 1500°C TEVLER L 725808 XRD X ¥ — 2 & oRd, EVLERRE D AR,
P Ca BL O CaCLILBEMNETH o7, LML, 0.1ldmol-L'-CaCl, KIFR & &5 L, 1500°CHLEE
DFEEHZBNT T T 7 7 4 N OEPFTHRD R ST, DS T L 7o 3 EHZ D\ Tid CaCl0H Dla]
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iR L BER-> TR IEMERFEOERIMLEWEST 52 LXK o7, £ T, CaClOH @ 20=
26.7 BLUN28. 2°DEITBRELL K W HEEZIT o 72, 26. T°OEITIRE L 28. 2°DEIFTFRE LV 1/7 12
EThDOIIH L, BEMEERABIFENT /3005 1/1 THY, BHOE— 7 BER->TWD L
ESINETORBHIBWTESHMENEATHE EEZ BND,

1000

1400 °C-0 h

1.36 mol-L-*-CaCl, 0

O

@)
Ol

®)

O CaCIOH

@ Cao

B C(graphite)
4 Unknown

O CO

o ®
- G

@) 0.68 mol-L-'-CaCl,

Om
\“A\/_/-MX‘) i O o &
;i
)
L 0O O

750

0.34 mol-L'-CaCl,

Intensity / Count
()]
o
(e]

O O (po
( I
250
* O
( N J
0.14 mol-L-'-CaCl, '
0 'l ] 1 L '] L
10 20 30 40 50 60 70
20/°
Fig.1 XRD pattern of CaCl, containing carbonized bark heated at 1400 °C in Ar.
O CaCIOH
°C-0Oh
1500 OA A CaCl(H,0),
1.36 mol-L-'-CaCl, @ Ca0
1250 A A M C(graphite)
& Unknown
1000
1S
3 750
o
>
2 500
)
£
250
0.14 mol-L-*-CaCl,
0 ] Il L L ]
10 20 30 40 50 60 70
20/°

Fig.2 XRD pattern of CaCl, containing carbonized bark heated at 1500 °C in Ar.
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1400 BL N 1500C TR DOBHEBHER IN-Z End, FEECTREL THRMNEITo=, B3,
B4 3 LR 5 12 1400°C-12 B, 1500°C-6 FEfEI S & OF 1500°C-12 IRfE O BMLERTL D XRD /X —
Y, UL A R §25 L2 TOREHIB W TR O Y — 7 B3FEE &, CaCl, DILTFEN ISR
EREBEOBMEAMBET D2 EBHALNE RS, BIZ, B8 T 5 CaCl, KIBKIRENEL 725 &
B v — 7 MENF RAEAB R 6,

F72, 1400°C-12 B F LTV 1500°C-6 WEfE O CTITEEALIAMT CaypAl 0, DEIFTHRNFEIE S
7z, L2xL, 1500°C-12 WO TIIREIE SNehrote, ZOEBEE LT, OKRMIZEEND A
i o Al TTEIER L7 CaCl, & Rt Lz, @CaypAl 05 DERAIT 1455°CTH Y, 1500°C Tldth ~
WZRR (07 ZAfR) BDER SN ERBL N5,

R 6 ICHRe OB OEIAEREL L, &1 - Bl% (1000), &1k (1000°C), Eénbk (1400
BLW 15000) DEERLRETRYT, BULEEENEL 23 LEEBONKRE R, REFR %
BATDHZ LIV REIZED L, 1500°C-12 K% OEBE(LFRIITH-B80%TH Y, 2000°C TDOH
AR ORI (B 5 F D 2 SEHMR, B — R EHE 99%) D-83NIFTVME TH -7 P, XRD /84—
FUOEER(LROFERLY, RFEHMOEAICLY CaClLAEWITISESL D VITERTIZ L0D
Mol

] :
1400 °C-12 h B C(graphite)
00 CaypAl1,045
¢ Unknown
5000 |
4000 |-
1.36 mol-L-"-CaCl,
= 0 O o ]
3 3000 } N
© 0.68 mol-L-'-CaCl,
2 m
) A
2 2000 |- .
= \\\\h___JE///,J«\EL~\__¥ 0.34 mol-L--CaCl,
1000 |- n
0 u o 0.14 mol-L-'-CaCl,
0 1 1 1 Il 1 1
10 20 30 40 50 60 70
20/ °

Fig.3 XRD pattern of CaCl, containing carbonized bark at 1400 °C in Ar for 12h.
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| .
1500 °C-6 h M C(graphite)
01 CayAl1,053
10000 |~ 4 Unknown
8000 -
O O 0O
1.36 mol-L-'-CaCl,
S 6000 Ll
© 0.68 mol-L-"-CaCl,
>
B 4000 oo
]
IS 0.34 mol-L-'-CaCl,
2000 -
.
0.14 mol-L-"-CaCl
0 A e 2
0 L L L '] L L
10 20 30 40 50 60 70

20/°
Fig.4 XRD pattern of CaCl, containing carbonized carbon bark at 1500 °C in Ar for 6t

[ :
1500 °C-12 h B C(graphite)
0 Ca,,Al,O4
10000 = & Unknown
8000 |-

1.36 mol-L-'-CaCl,

€ 6000 k/JE . |

o N

O 0.68 mol-L'-CaCl,
2 y

@ 4000 f ]

ol

£

UK; 0.34 mol L"-CaCl,
2 -

000 " |
\\—/\,\\L 0.14 mol-L"-CaCl,

0 L L L 1 'l L
10 20 30 40 50 60 70

20/°
Fig.5 XRD pattern of CaCl, containing carbonized bark at 1500 °C in Ar for 12h.
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B 712 1. 36mol-L'-CaCl, /KIFiKZ&1E L, 1500°C TR L TH LN REOMEELLER
R, 7o, KHORBRIT 0. 14mol-L'-CaCl, KIFIK & &8 L= 8, FEHIL 1. 36 mol-L'-CaCl,
KB Z SR L3k, KERIZ 2000°C COBVLIRY OB F KO 99%- Rk B E R LT 5D ¥,
1500°C-0h TEMLEL L 723 UBHIILF T 5 CaCl {LEMNZ LB BRI RER > TE L TWA DK
FOBLUSEWIET D Z N TERD o7, (R 6 R LU 12 BRI TOREHNIB W T, EEM
DT 500 CHHETHRE Y, T00CHETHKRT L TRV REHB THEBRERIRON R hoT2, DI &
b, BREROBER L OREREIIMBE~EEE B X W RIS 5, £, BULE LT
BoNT kTR LR BESDOZNZNOMIBLEZ e 5 &, BgMb L CEBNEZRZEIZVTRY
IR SR X 0 #9 200°CIRWEE N BB LA E Y, THEREIENMRNZ L 28 b ho 72,

WEOT—F L0 ¥, FRERFBIIEBERE L BCRBEEIISERM~Y 7 N 2EA2H
ST, BILEBEIT o REBETIIEMN R ONehot=728, Ak Lz BenoikimfEiEs XRDIZ &
DEENT L7z, 3 112 20=24-26°% 40kV, 30mA, AF ¥ AE°— F 0.2°min OFLTHIE L2
T, RPOMBERELLITR () LR,

FAXISREE o= CRE AR O B0 ' 7 OIREE / BEIR B 0 B E— 2 DIRED) X 100+ -« (1)

80
s0o |® [@ 1.36molLi-caci
40 --- Carbonized bark heated at 2000 °C
O\O ; < >
> 20 F ® . Keep
8) '
507 *?
o 20 |
£ |
g 40 F
-60 | §
-80 '_.._..__.._.._.._.._..5_...__..._
1100 : : Ll
0 500 1000 1500 6 12

Temperature / °C Keep time / h

Fig.6 Weight change of bark which impregnated 1.36 mol-L™-CaCl..
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Table 1 Result and analysis of XRD

Graphitization  Lattice ~ Full-width at Intensity  Relative
Sample condition spacin  half maximum intensity
°C and Hour Degree Count %
1.36 mol-L--CaCl, T 3.3608 0.249 21090 1.1
0.68 mol-L--CaCl, 3.3632 0.320 33804 1.7
1400-12 h
0.34 mol-L--CaCl, l 3.3656 0.310 8865 0.4
0.14 mol-L"-CaCl, 3.3657 0.321 10267 0.5
136 molL-CaCl, . . 33632 0323 83434 42
0.68 mol-L--CaCl, 3.3632 0.256 89225 4.4
0.34 mol-L--CaCl, 19006 5 3656 0.319 11396 0.6
0.14 mol-L'-CaCl, 3.3657 0.331 11241 0.6
136 molLi-CaCl, . y 33632 0241 169638 84
0.68 mol-L--CaCl, 3.3607 0.250 49128 2.4
0.34 molL-CaCl, 1900-12h 5 3550 0.308 12047 0.6
0.14 mol-L-CaCl, l 3.3632 0.331 7489 0.4
~ Flakegraphite 33507 0281 2008218

-100

1500 °C-12 h
------------ 0.14 mol-L-'-CaCl,

Flake graphite

1500 °C-0 h' y
0.14 mol-L-*-CaCl, /|

1500 °C-12 h
0.14 mol-L-'-CaCl, \

1500 °C-12 h \
1.36 mol-L-'-CaCl,

1500 °C-0 h
1.36 mol-L-1-CaCl,

1500 °C-6 h
\ 1.36 mol-L-"-CaCl,

Carbonized bark
| l l l l ]
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Temperature / °C

Fig.7 Weight change of various carbon powder.
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REZT T, BHMEICOHFEL WA EB X bN5, XRD, BEERVERLLIVEEELED
FESR LD, CREFRERE 6 FRf &£ TR R & CaCl LAMD RS B\ TIES, 6 BFFRI 5 12 BFf £
TIIRi b L CapAl 05 ORITRARS LOMERPEZ VIRFEOMEZBED TNDZ EBHLIZR
277,

LLEDHIZEL YD, 1.36mol-L" BA LD CaCl, KK % &8 &4, 1500°CLL L, 12 BEREILL_EDfREF %
fEdZ & T, RERKE HERSNERE) » GBRIR BN T 2R EIREEZEDH Z L RARETH
DM E T,
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Influence of Properties of Raw Materials on a Synthesis of Al,;SiCy
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BN D, BB AR U CTIREH ORREZEMRL, ZNOBREHRICKIETRELRE T2,
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WHDIW, RFBEDOEIGITIFRIZOIZ S TEEIZRIADDIENE ZIZ\, ALSICy A LT 2 5k
ELTTNI=0 4, vay, [REZFNVENEERTHEATLIENEAN THL2, ind0@Y, HER
B (BHITERE) DR, BREREH DT E SUER TN D, ALSICy DELAAMEmRDIE
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THUTRID FC, Y ENIVEEE LML AAF <2, /)= a Al R Rt E EIC B T
W IBALE TR S DA O BEMEIZ OV TIRFIL TD &) ZHICBIEL T, ALSIC, DERKIZEIT S
REBEREL TRBILSNIZARM ORBFE L COFBEMEIZE B L., —7, ERLBNWTE L Iav i
TR ZE L CRESNT 8BV a ThD, RlfiE Tl ioe By )ar DiE, £0mE Tl
RIpBHEWET D, TDH, BV E, 30 FMLLZOEEEHAL WS, RIFFETIE,
ALSICy DEFUCIITHN A JREL TV ATy B Uiz, SVar ATy ik ) ar Faile K
LA e & A AR BN T3 2 TR CREICRAET S, ZILUTBUR THED ST THLAMI IR F ik
IR, Fe, RO HED LA CHUIHIE Oz MmOV REIFFTED, Lizh3> T, ALSiCq
DAFIEBIEL TV 25y ORI AN RiAD B,

FIT, REBWRELTAMERBILLIZRE, V)l )ar 27y Pk FIA LG RERBLIO
A 21TV, ALSIC, DA U HFIFEI D 5 X D BT OWTIRET LT, 223, TAI=UAIENY, Uy
AINVIPBLERISNTEY Y, SEITHBEOF R EL,

2 ERFE

TNI=D A, Vay, kFEEZER 1 IORTHEGGHROE/VIL CTHLEES Lz, IREWE B2 DIFIC
FEHELTT VI EBKT, 1700°C (FREE : 10°C/min) T 5 BEEINEALT-, 1FZ BIRGBHEIL TA RS
72 ALSICy B & 1572,
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Table 1 Molar amounts and weight percents of
ingredients for a synthesis of Al;SiC,

Ingredients Molar ratio / mol Mass / %

Aluminum 4.00 58.64
Silicon 1.00 15.26
Carbon 4.00 26.10

ALSICy DEFITHHL WD FEEIOHRAADEER 2 (TRT, £BT/VI=U L (AC-2500, 99.3%, -75
pm, FET A= L) E BRI HIRBIZIRE Lz, S Va Rl T, TIRO&ERBT V= (<75 um,
XA TYI)ZMAT, FEEEEIE O )AL Ry Vr B U FEL VavEb bz, — 7,
RBIRELT, fEsefl L CETIROMR 240 (98%, -200 mesh, FLEFHE) ITMZ T, RO —R
TIv7, REROKRE (LUT, AMIRFRELRFET2) O3FERERINU =, 723, HHTIRM KR
1000(0h, 3h), 1200(3h), 1500(3h), 1600(3h), 2000°C(0h) TESMLALIRI AL FEINPNIT A IR E f@ﬁﬁ
RERE) o

Table 2 Ingredients for a synthesis of Al,SiC,

Aluminum Metal aluminum Commercial

Silicon Metal silicon Commercial
Silicon sludge Waste product

Flake graphite Commercial

Carbon Carbon black Commercial
Carbonized wood Waste product

BT ALSIC,y O X BRIEHT (RINT2200, BIZEEHE) /35 —1F, 20=10-70°DHFEEH & A% ¥ AL —F
2° min” THRITELT, ALSIC R FOREmBIRIL, B FE2REHE Il HE I —R o —h EICEEL,
NEEE 15 kV O EEE T TS ISM-6490, JEOL Ltd.) TEIE L=, & L7z ALSIC ki FOBEH E X
WL IO BE 7 ) A—4— (Multi pycnometer, Quantachrome Corp.) T LK A H#Z L0 /EL?LO
£72, BiRND 1300°C £TD ALSICy LT DOBE BRERSHT 7 27 7 A /L (EXSTAR TG/DTA6000,
A=AV NI, 10°C min™ OFIEFHE T 200 ml min” DZERKEFRDO T TRk,

3 BRBIUBER
31 ALSIC,DEHICEKIET V) AVEELVRFROZE
E1(a), (D) ic@BVar bS5k FBIBIL ORI ar LR EREZLH WO TA LT ALSIC, D
X BB S =2 B NENR T, AR R O RACAEI R RS0 — R JF T 2000°C TIT-
. B 1(a), ()25 ALSICy BEERICAE K TE, AT IREBICHEIN 2N ZER DI -T-, 72, B
VAt ALSIC, DARUICEEL 5.2 o2 edsbhot-, 72171, IRIE T AI =0 AE R A ZNEIAE
RhEie otz ZAUTRN TSN ERICTER Lotz b RIE 5, FUSHENDZ DB L% 125
&, RFBIRDBMEIR BEOOAM IR B ICE DD LI Lo TRIL T AI = LD — 738 E ISR L, Rk
AFRITHEL TQLKZED DD oTz, —HF, ALSICy DEHTA FE 31.8° (101 EIRR) O — 73R E I, RE
IRDMHRR BENND AR R FBICE DD LML TRY, BRSHIRLFFIZ ALSIC, Bk ALY FELT
WOIENEZBND, fEMEADKBELVGIEMBEDRFLEALHE, BILE, EiRIRMET ALSIC, %
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Fig.1 X-ray diffraction patterns of Al;SiC, from combination of
various ingredients.

32 ALSSIC,DERHITEKIFTAMDORIENEBEEDZE

AR ORICAEIRE A FTIFHZ 801, ALSICy DA IAND ISR AEIIZ D/ NS, 2T
1000°C~1600°C DFLFH TRILAIEL 72 KH IR FEZH BT ALSIC, DA AR T-, AETHEHTHAK
MORACABEIT, ARH 2 RETIRRSE, KEEAROBRIFNORNEEFIAK TIT o7, RALALE

279



—MEEARUE S I v 7 ARATIREME R - SRR RS E (2008-2014)

BOTRTOAMDREESHRIZBLE 0% Tholz, 2B, VI JRIZETEOREENSEE Var %
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Fig.2 X-ray diffraction patterns of Al;SiC, synthesized by
using 1600°C-carbonized wood.
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=% B 3R, 72, RO H1Z 1600°C THUBEL 72 AR RFB/DD A LTZ AlLSICy D/F— %
Bl
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ZETHRALT NI = AORIAEZRZIEMEI T DL LTz, ALSICy DE RSB HEIAR BT

SHOBEFHEE TH D, 1000°C TRALAEELUIZ AR REND ALSICy DIE R TEZIEITMNA T ;—ﬂ:ﬂ
HICEE OBKFAEHACTEILE, RIGAEIZEDA RIS AN HIB TED, ZHITHERELT
ALSICy DEFLARDHEIBIZ D723 DL TED,
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Fig.3 X-ray diffraction patterns of Al;SiC, synthesized
by using woods carbonizing at 1000°C, 1200°C, 1500°C
and 1600°C.

: e B, Toom o
True density: 2.91 g cm-3 True density: 2.89 g cm-3

Fig.4 Scanning electron microscope images of Al,SiC, particles synthesized
by using woods carbonizing at 1000°C, 1200°C, 1500°C and 1600°C.
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BLFEORRIETEZBELUIER, T OREIERIREEDEACAMLZRIIFELRN ST,
ALSIC, BRI FDEREFE132.85~2.92 g cm™ THY, A DRAGIBE BB RSN ALSICHIFIZBLIET
ENTIZEAE Dol

KL DB ZBIOmEDHERDT=HIZ, 1000°C FBLU 1600°C AIRO A RFED DA LT ALSiCy
KL TOBEBRSITOMELZE 5 (2R T, 2L TR B2 RFBIFRICE KL ALSICy KIT
(Conventional AlSiCs) DENE EE(VEOFEIL T2, AR IRFE B3RO ALSIC, L FDEEEZLIE, 800°C
ETH 1%DHEITHRL, 900°C ZHEBX CTRBIZIEIT A L3 00Tz, —F T, R DRICALEEIR
EIZ XD ALSIC, B F DEVREIC R ER AT eh o T, FEib TR R L To AR £R 35 FH SR 0D ALSiCy ML
FITENT BV R R T DR B HER SN, BRIREBERZ L DUV TE LT ALSICRLF LTS
&, EEHEIMOBBEE IZERA A~V 7 A, EEEMEROEEIXEEALRL ThHhoT, Liziio
T, IFRER UM EEEZD D ALSIC ORI R E K TET2EE 2 bILD,
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Fig.5 Thermo-gravimetric analyses of Al;SiC, particles
synthesized by using woods carbonizing at 1000°C and
1600°C.
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Influence of Properties of Raw Materials on a Synthesis of Al,SiC,
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X-ray diffraction patterns of Al,SiC, from combination of
various ingredients.
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Graphitization of Carbonized Bark

Tomoyuki Maeda, Akira Yamaguchi and Yasuhiro Hoshiyama
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AARTIE, WAMOEBEEHOL 2 HIKRE L Tnb, BERM oML, KENIBT L EEERZ EOBED S,
EEZMATERHLWVIEHIRS N AN DY, HRICH- T, BEIHRT H2LEND 5.

it KWERORCTHBEMZ EDRFEE, DERTOEIMNIIFZEAER L, FHEIKFEL TV S, —F, MILREETRIZE
W, NA AT AFIHTE BEEREY DS, FRIL12TFEAELTBY, H8HIARE, NAFTy ) — Vi EOBEHIH
BEnTwad, LaL, BY 2ENEHAFINTESY, ZONFIIRERCHE Lo Twb, ~HNIIAESZ2OHL
NBRFEDIPFI, 20%HEL Wb TEY, B SNTHARWKRERHE % k1bd 5 & #5500t/ 4FEDREDVHE NS,
HAIZBTAEMB LU —K Y 7T v 7 O AEIEZNZN45000t/4E, 134000t/4ETH 0, KM D 515 SN K ED

Iz 1=
it A

B0 X% HIRFETH D% 5EWI0%, 1—KRy7
Ty I DE)HINERETHDLOIEHN S WOREYE
EHOATHIZ, BRIZBWTLREOMEATTERIZL D
LEZOLND,

it K R 3 ISR & E N CTINET B o —D2 & LT,
AMEHCE I LERAT, INETOWNET, KMHIE
DRFOFME, FHEREHEVOHELBELTEY,
2000C DFMIN A 17 & TRELA R RHETT 5 2 L2t
Dholze REMEOZHKG WL EORME SRR S 25
DBEDLNTBEY, KERKZEORMEI 7 =/ — VRN
RORFELZEOMBILHEL D LT LAMEE LT,
AMHIZE N BT (UK5) 2RELTWEEELS
M7z AWGETIiE D BEMEARMER & L CAHMM D92
DEEDHCaTFEITER LRERRFEOLIMLE KA
2 REHE

REBEBOARME LT, B (Bark) ZHH7z. K%
KEH, 100C, 3 IEMEZHEE L7z Bk OB 20.14 -
1.36mol-L ™' D CaClyK IS ili~F L 720 BilHEORE %5
i T24WFHIRZMEE U, BI2100°C T4 M2k L 720 Wik
DB RFBEP, 1000C CTHRILL 2. pibikoitE %
TV T U ERARAH, 14008 X 01500C THEEMLL 720

Lo fe e VB RXHE TR E v T20 =
W6HEDST 774 POV — 7 METIIL. F72, 2

(EOAN
X1

0 =24-26°%40kV, 30mA, ZF¥%¥ ¥ AE— }0.2°
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Fig.1 XRD pattern of CaCl, containing carbonized bark
at 1400°C in Ar for 12h.
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Fig.2 XRD pattern of CaCl, containing carbonized bark at
1500C in Ar for 12h.
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i k¥ 64 (11) (2012)

min ' OREETHWEL, ML O, P Table 1 Result and analysis of XRD
RS L ORI DEA I DWW T 34 L 7=, Graphitization  Lattice ~ Full-width at Intensity  Relative
Sample condition spacin  half maximum intensity
BEMLISEE S LG o2 ki, 0148 L O <G and Hour Degree Count %
N -1 Ll e s e O~ =k
1.36mol-L™ " = CaCl/RiEi & & L, 1500C THk 1.36 mol-L1-CaCl, I 3.3608 0.249 21090 1.1
- - . 0.68 mol-L-1-CaCl 3.3632 ) 33804 1.7
LB (T 5 72 R E T, KGR, SR more 8 ya00-12 0-920
0.34 mol-L1-CaCl, | 3.3656 0.310 8865 04
10T -min "ZBIT B HELAREWEST S & _Ot4moll-CaCl, Y 33657 0821 . 10267 05
o 1.36 mol-L-'-CaCl, I 3.3632 0.323 83434 42
CREIL 72, 088moll1CaCl, - 33632 0.256 89225 44
o 0.34 mol-L-CaCl ' 3.3656 0.319 11396 06
3 BROEFUEBE ?
" =5 0.14 mol-L--CaCl, | 3.3657 0.331 11241 06
1T B IR 221400C — 120 H 8 & OF 1.36 mol-L-'-CaCl, I 3.3632 0.241 169638 8.4
. o . e 0.68 mol-L-'-CaCl, 3.3607 0.250 49128 2.4
1500C — 121 R DB {Z DXRD /S & — > &R 0.34 mol-L-1-CaCl, 1500112 h 33658 0308 12047 06
T ETORFIBOTLREDOC— 2 BFE SN 0.14 mol-L*-CaCl, 3.3632 0.331 7489 0.4
- A s ememe——m oo R e e e
Flake graphite 3.3607 0.281 2008218

CaClyd A7 A I MV e FE 0 IEL & i3 5 2
ENHOhE ol HIZ, EERT BCaCly/KIBHIRIED W 25 &L BETO Y — 7 SEHE & AN S 7z,

0.1438 & U1.36mol - L™ 'O CaClyKiEH & &1 &4, 1500T THAULIL L 72308 & BRR B0 2 2 ol (Lt % Ly
e, AL THOLNZRFZ TS BIKREE L D H200CHRGIRED SBALAE T Y, HEBEAME W2 & hhh
272

1] U RIS b & T LIS EN R S 720, ER LA RSO BMEE XRDICE DT L7z, R1IC
20 =24-26"%40kV, 30mA, AF ¥ ¥ AE— F02% min 'O TUMELHEE RS, FrhoMximeEizstQ) &
nskD7z,

IR = ORE R FEO RS E — 7 OB IR O MET Y — 7 D) x 100 1)
AR A & OV BB (3 BB B X OV RIR S & I L TR & e L S e oo Ao IR 35 & OV B PR Ak BB 40
FEThsI i, MuEbHPLTwE I EE2ERLTBY, Mtk R s724i ke ko7 UL, WEZL
Bd 5 &, BRIREMIMUOHEE & 010U EEWliz/Rm LCB Y, BEMLLIL - REPRIZED 2 BMOFEGIEIVETH

BENBEEND, TOZEDL, WL TENMSH b L E XL bN5,
Pib &y, 1.36mol-L™'BLLEOCaCL/RIRHE % &t &4, 1500C UL, 12K MM Lo+ itd s & T, KERKRE (i
HEMERIR) 2 OERIREBENIHO T 285 M ERFEL /L ZENHRRTH B EARB SN,
4 FREH
0.36 = 1.36mol- L™ "~ CaClK I & M THIR 0 SR L % ik 7 R DRI FL % 472,
(1) CaClykisiti & & L, 120 LA E OB % i & & TL400T A & BELAHEITT 5,
(2) FRSL L7z BROMMALTE L, BEME L 22 REDD T Td o 7272 OBRRESH L1 .
(3) BRALHUEEINE R ORI T, @SREILIc b ES L7,
(4) 1.36mol-L™'Lh EDOCaClLR % &is 4, 1500C UL E, 120 MU Loz iy & & T, KEREE FEBHMER

) o OEKEEIIHBT 2R R E LD S LA TH B
041
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BRIOFZERIMUT ALSICy BMEDBEREIZI LT3 SPS ORIR
(LU S53y 7 ZEEHTR R ) O |18, siEZ, ILOAE, BILERE

1. &5

BARICIDOED ALSICy XM k¥ DRFEDOERLIFILAILL TERSH, £
DRFAE BIELEEMTOR TS D, Ei2, ALSIC, ITEVELE (2353 KD &b b,
ZH B B NE RO I3y /AL L CRBL IR L E Th D, Al-Si-C
FOEE R I BT K OBRLEE L RIE, B0 REE SIS EDIEMN
CTENTELICE BT A2 EREF/E TS Y,

Al-Si-M-C ZOEAWMEOA B IO EEROEREZ BFEL T MIZEREBLUTF
B BTN CA R &R, TORER., SRIMOBFEIT FesSi, THUVIMDGE
IZ TiC DSEIAEREL T ALSIC BNERRESN Tz, Z0 ALSICs 2Ry MR L HE
TR EREIZL o T, Al-Si-M-C RDERRER AT LZA, ALSIC, DETIVIALL
TRIDRIED Rz CT&T-, £/, SRR THD ALSIC, DOBERE ICHININFRICL D R
MmN T,

FIT, AKFETII ERLUZEBAEZBRF 7202, fBLOFFo2RML
ALSIC, AL, BT S~ S 1E (SPS L975) BI Oy L 2L (HP £9°5)
T ALSICy BEREAEZERIL . ALSICy DB ICB LT TR/ FIEOEELREFTILI,
- BERBRRIZBIT AN TR OB ELIRIMEIC OV THEL . ALSICs DEERF B
FOFDEEREROREREREL,

2. EBRFIE

JFEHIER T V=7 5(99.3%, -45 um) | @B U= (98%., -75 um) | Rk En
(98%., -75 um) THD, IHFIFEIL, &BT ¥ (99%., -45 pm) BILOEREER (99.9%.
-45 pm) THD, ALSICs DEEGHARK L (mol b)) THREMEIRA L. BSINFEI 0.01, 0.03,
0.1 mol ZZNTNT A= AOEFGHEAICANET CHRINLE, B8V YRITIES
WEFRE L, FUREEE 10 K min! O 7 VI HESK T T 1973 K, 5 BRRMEL 72 (17
BRIIRETTFENERGAHD) ., B % . SRWIET7T VIR —/LULT 20 KEO
HRMRELT, SREREO X BREHT & — 13, 2°=10-70° D&% 2° min” THoék
L7z B RGEREIOBERE SE1L SPS BLOYHP EHICH—RUTREIZ 40 g 2EEHL |, BEZE
FHEKICEBRLUIZIFNICREL, FIXEREEICL>T30 K min” T 1973 K
FF2L) £TCHIR, 30 MPa ZHIIIL 2B OREA ST -, KB IREICB W TERINFED
ZhRERETT D701, IREIEE CORRIIER LT,

BONT-BEREORBYMIIER , 7 as N IB T NI AT REIC Lo CTEE

62
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ERIE LT, BUER, B BRI IO ERIET R EER~ME) 2t Th il
ELTz, BEREEOMRRIL, BEMERL EAEFHEBE CHEL, BBRROER
B LI e ~IT AT ABBIECTHIELTZ,

3. FEREEBE

1@, (b)), (IZTIVFAT 8 :z [?\E—E\E
ZETCHELEES&ZRMLE 2 95 | Hot press 1
ALSIC, BEREED AT RALE, & o
MESBE, BNTBEETLE. 8
®2 (2) ITBEREEMBFEL .~ 8 44 Spark Plasma
T AT AEDE Y ) A—5—THRIE § 5 | i
U EEERRT, K20), () < o (QEATRAE

WIRTR OB ERRELEICEHL 0 002 0.04 006 0.08 0.1
7= - BERE R D AR EE B L OV Amount of Fe addition / mol
SALERETRT, 32

9. X1 (a) DRITRIALE
WXEEDOEINE LBV T D BERE
FETHREDTAHZERND T, ~ 26

SPS 2L B BEREIT HP Kb BT g 24 Hot press 1
SHERF A SE ALSIC, DB 22 |
R RELCVEILNbYS, & 5 21

? 3+ Spark Plasma
E Sintering

C
N
[+ ]

T

=
CBEDTRMEN 0.1 mol ez, O :2 L L, AER
SPS BEE i O FLAMT RALEI "0 002 004 006 008 0.1
0.12%L78 57, 1 (b) DA% Amount of Fe addition / mol
B, SRORMEEL LB ITHEINL .
SPS It kAR orsEEr e
HP L0b 20%BEAEABIEN 232 Hot press
bhotz, DX (c) D RS %‘ 3.1
BEICERT2L BNEDR 003§
mol ECHERFEI»PDLT, & 3 S —
BxTHEINLTZ, 0.1 mol ML £ 29 Sintering
& HP CIEIBICHMLEICh D §28 () RANFERE

Y 3 ~. :‘p‘ J\ )
Mbbd ., SPS TIRHITH AL 0 002 004 0.06 008 0.1

= Amount of Fe addition / mol

LOBRREBFHT OO K @y grmmLt- ALSIC, BREEDRM IR
2(a) IR EEELTFML, AEQ). AEEE (D). RATEE ()
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SPS IZ XA BERE RO E R E XD
WIMELHITHR 2 12 N4 2288

«
(%)

(QEFE

@ BEFE
binotz, 0.03 mol FRMNETHHE 23-1 I Spark Pé?rfgﬁng P
MEBITREL, 0.1 mol FAFFIC 3 /‘,

133.07 g cm™ &72077, K2 (b) IZ g ‘¢ Hot press
TNENDTIEIZLDBEEEDE Qo |

RBEETRT, 0.1 mol WMMDEE 2 [

TR DT IR 96%L R 2.8 | ' ' '
Hoiv, RONTRILED 0.12% T 0 002 0.04 0.06 0.08 0.1
HBHZEDD, 0.1 mol FINDIEESRE Amount of Fe addition / mol

EONEIZEAR LR S -Z
LERRMET S, ZOBKILEIT 4% 100

LRBALONIZ, Lo T K1) D R 95 ¢ Spark Plasma
AT HBENBOTIEENE 2 90 | Sintefing
SALOFBRERF TEB, 2 g5 |

ALSIC, BRDFERBEILSPS o 80
(ko CHERES b E T0%CHY, 5 78 w]
Ty hFLAD 69%LVBEEREIME & 70 () R
ELTWAZ L3 bhoTz, K BEfE 65 - : ' !
N7 35N T S I 8 0D U 0 002 004 0.06 0.08 0.1
mEebiz®@mL7, =710, &0 Amount of Fe addition / mol
AR mEommEn B2 KERMLI ALSIC, BREORER

SPS 7% HP Ihb2f&Fll xRl
SPS DRERICB XTI R IEE
EIZHEN TR ENbh Tz,
Tz, HP TERIL - BEf RO B8 B I ST EAR AT ML 72, 0.03 mol HSINET
SPS LDZEMNKEVA, 0.1 mol ﬂ%ﬂu@&% SPS JEAE AL u:lt}uﬁ_o SPS | HP i%fﬁi

r

E3 ALSICs k?&ﬁﬁibd:lﬂﬁ%’é Z"?]l] Lt AI4S|C4 IE%EPFCD SEM &

. . T e
AT .;,, b
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DERMEIN DRGSR 1T B S 52 TWAZENE L NS,

ZZTSPSIZdD ALSICy BERE R DOFE R B DB T AE R Z MR ET 57201, BE
FERHERR OB EIT o7, K3IZ ALSICy 3L Fe(10%)-AlSiCy BERE A B D K
FEFBETT, ALSIC, B TIX 1973 K THEMBDESANTEITL TWADITHL
T, Fe(10%)-ALSiCy BERSADMMIL ALSICy RIFTIZBHD NI RH BN, i
1% ALSIC, ZE AR T D EZDEIERRMI TS FesSi THAHZENDMY, ALSIC,hLE%
B TR BIFI L 220 T BEE 2 bid, $50.1 mol TRIND AlSiCy BEFREED RANT
iR R L 725 T- BRI, FesSi DOEhiiFE (Fe;Si Dt 1533 K) IZLDBERERETH
HEEbIS, BAKILITM RS BRI CTh o7z FesSi ABEBREIZBWT
RRE72D . ALSIC, R ERE T DL XICERTAbDEEbiLs,

X41%, SkB LB L TFH

2
UEREIUT. ALSICy IEREIEDE oL o Femm
S EAEERIIEHRL TRL A TisEmM

i
N
T

7o, [FLER 20%FEE D AlLSiCy 5E
FEEIIRERTHAZEN DN,
INIZEREIRIMTAZELITL-T
e IEEMENREHL T ZE
BodyoTz, % 0.1 mol AL
ALSICy 1XEEM (283 Sm™) 7R

A

3
(=]

'
@

-10 ¢

log Electrical conductivity / S m’

42 ' ' ' '
JI &L ALSICyRIF D EF B E) 0 002 004 006 008 0.1
NRILBOE TIZ L - TRERE D % Amounts of addition / mol%

FSNEZUICEBEEZTVS, E4 BHIUFEUERMUE ALSIC, B
654 A 138k 0.1 mol W FOHEE

ALSICy BERAEDBYRE ROV

TOREFRBRIZOVTHERL., BAKILE 4% AU E~DEE, ALSIC, BERE

ROBIIEIL 5.2 BRI SV THL IR TR A T EL TV,

4. £
-+ ALSICy BERE B OIERUIME 7 I A B DAY NI VATV EAL THDH L

By oTz,

RO L ST, ALSICs DEEREAMEESNDZ LD Do Tz,

FROUIED 0.1 mol DEx AR EE 96% D ALSICy BEFEEIHEOLIT,

BRI Lo T, ALSICy BERE B DB EM AR BT HZ L b o7z,

& 30k
1) WHRE, “REFAMKY—IZEINDHE - REET—, p. 62, 2006.

il
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26 SIS (CER5E 4 220 ~230 B

i T IR B 4t R AT 5
(3) BRERMIKRIAICHINE N BIETTROIHEL

Wit Z 3y 7 A5RERE OZ2IWEE IHOWHR

Diffusion of the Various Elements Added to Carbon Powder Body

Yasuhiro HOSHIYAMA and Akira YAMAGUCHI

[l

RERGHMKYNAIRICBTIER & LTV 3 =7 2R RILIFWE, RI6E) Fa L oI5 min S, TilfHim ki
HEREHEZRLL TS, BRICBIT2INSFEMMORISIEMEZ AL TETT A I EDBASNT WSS, FOHE
ZITHY BHE IR0 AW T, REEAN NP OIMALY & T 7L L7z BURALUR & /R L ChnsE %
e, FHTTHEOILEIZ DWW TRE L7z,

2 EEFHE

HAELZ 7 VB e LCRVSRT 70 7y b &L, Carbon powder
RFEMAKEL AL SIC, ZeCEOTMPIR (R L 0 1) 127 c

= VEREINZ CTEREA, BB, MELZb 0%, REHRICT =
D= VIR R IR 7IREW IR L, BB, mE L T2 BEfED
AL L7 REBEICRBIRES (Sum, 99mass%) %, %7 Hg1:$$$;¥£§§§$¥£;Tmbmd
BMERERORICBREMEHL, 7TLVI=y 2220 TE
EEME (-50um, 99mass%) FMHH L7 BB
(Z4OMPadD —TIIIE, INZAMLELIZ200TC-10h & L7z,
TERL 7 7V & 3By K T1600C -5hBE Ak L
SEM-EDSIIEE % 17> 720

3 KR

HEETTHEIN U 72 BUR N TR 0 B2 S50 12 38 4 B 3
FLHOHAIIER L CSEM-EDSHIZ % 1T 5 72,

[s

Sample

SEM’(compo.) Al
Fig.2 SEM-EDS images near the boundary plane of aluminum

QICBIERRO—BIERT, WTFhOBMTED N containing sample after heating at 1600°C for 5h.
HBICEIRETHMALTBY, EDSvy ¥ ¥ /g - _

B THR A LB IR S5 & &, SRR IEHUS m_kmﬂmﬂ < e
BIOWZ ENbhror, ML, BIFRMmAEOSEEM 2 ZE50 L a0 V

Rz, BIBIORT &AM LRBTERAEES S |
DREWKIT~E NDUHART > TosFrBEsn & 5 | s

S ARA DEMARY I EDMRE NI ol zr
iz . : ﬂ

RIFFE AT 2 0201 L RE i A IFIED e % ) 52 T e
L7z, ZZICHEE£RT S, Fig.3 Results of EDS line analysis near the

boundary plane in several samples after
heating at 1600°C for 5h.
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XY 65 (3] (2013)

(16) MgO-CNADDEMERDEIE

MLt S 3 v 7 Z4ERREE O9Ee 5L

2 EIRER RPBE LR

Determination for Modulus of Elasticity of MgO-C Brick

Hideo ASAKURA, Houliang ZHU, Naoki SOGA, Shuji TAKEUCHI and Akira YAMAGUCHI

1 [@FUIC Table 1 MgO-C brick used in this study
MgO-ChA2NE, MEBIERCE S % Btk CORMMRIZE > T, K Sample size/mn|  345x220x89/96

T & & Ol A 5 1 CHBFE IS EATE U B 2 LA b T b, 4 (Chemeal - MgO 83

- B composition  |T.C 14.2

b, FHOWE, RIRTIERHAMgO-CILA DDV T B H BREUT Ifi) & Imass% SiO,(as Si0,) 2.47

WEFEOBFRIZ OV T HEMERM AL E LA, A, s IGo kA Al,O5(as Al,O3) | 4.65

Apparent porosity/% 3.2

LR OB RIZO W THE T 5.

2 REBHE

AR RO oWENNE, BT IZRT & 9125, il
EA A, i —lot ok 3 BUR 2 & W T 5 1) B 3K R
(345120 x 96mm) & 15/ J7 ) I EEE (180 % 105 x

—

FD test piece
v

PD test piece

96mm) ZYIMY, TNE &M HRIZB LT, P25+
2 x85mmiZ N L L 725169 ER K 2 M7z Bl S ool
S, ISO 12680-112#E U 72,

3 BREER

R2UIA=F U 7 BB ORI EERE RS LI
% EFDA A & PDA M ORI 2 =R D 5N 5, FD
FIE O AT & BIEi OHPER D ZIZ DWW THFT TR 2 D0
MOEOWHE" 217072 A, EDHEIE, 2 DOFHH
DEDOFERZE “D418fF L KE L, MHEIZWIEZLZEAIRD 5
N7z, ZoEIE, B2 IGRTEMNOMMOENITRNT 2 b D
EHEBEIN S, B3 ICPDHBN OCH O %2 < v T2 L
TRT o BIRT 5 &1 & o TIAREE ORI E 151 A7SD
0.02 GPaTH BDITH LT, K2 OSDVIERITKE Do 7%
WA 7 o 720 $ b b, ilEsE, R (LADTHLLE)
KBWTREZRT DO, ENHAHLRICE4 EEHL T
T&, A (SR ICBWTRKER->TW A,

ZhE, NAHULEE TR O PDINEZ O IR IE
Zho72b DA, ERMANIIED IZ2NTER A LHMEEDF
WEDIWEHEA D o 72 IRBIZ L > TWB I EERL TS E
EZbND,

4 FEH

WA, MgO-CHA SO EMZ IS 5 7200 T-E

ELTHEMEZEZ DN,

123

Fig. 1

Diagram of test pieces and test piece face names.
FD : forming surface direction
PD : perpendicular surface direction to FD

Table 2 Test results for MOE

After drying
Direction FD PD
Test face A B C D
Mean /GPa 47.21 49.93 32.33 32.03
n 48 48 24 24
SD/GPa 3.38 2.96 6.02 6.52
RSD/% 7.2 5.9 18.6 20.4
FD/PD A/C=47.21/32.33=1.46
Test face A Test face B
.-.=:;:-Hz_——_:—__—_—_——_—
— . — . — [T T e gy =
R ¢ R B e N

b) Test face B

Fig. 2 Model diagrams for graphite orientation of FD
test faces.

=7 >
pav s A |>40GPa
= 135.1 - 40GPa
L 30.1 - 35GPa
25.1 - 30GPa
[_]<25.1 Gpa

Fig. 3 MOE distribution schematic diagram
of PD test pieces in brick after drying.
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Al-Zr-C RIELEVMDERETDEILES)

—RMEEA EILETIy 7 AEATREE B, fTERY, BILRE, SE%XE
Synthesis of Al-Zr-C System Compounds and their Oxidation Behavior
Tomohiro NISHIKAWA, Tomoyuki MAEDA, Yasuhiro HOSHIYAMA and Shigeyuki TAKANAGA

1 FCHIC

RESAMKINRMEN CTEIBEILT AVI=0 L, LUarbiNNEw T Ry A P EERZRD
DEETHD ", o, RALRYRRE ORICHL & ENS, ZOLIREIMBNT, BL5 ISR 1T TRl
(LB SR EE DB N 5\ IR E R DR STt Ak D i TR A LS ng >,
—77, 2BEDOERBE SRS EARILY) 2HMFNL L TREET AL, ZOBRLRISISEREIC
DB TENTEY, EERCHIIFTAREME L TRES TV 9, A B ICiRmAl E &2
EEHDNEM K EM L ORI ST, Tk DMV E LT AR ORIESH B\ TR 5
Z&, WK D IEREED DX —RA L e 2D, IETIITNAI=T ALY DRILH DO OE
DTHD ALSIC, 1, RMAIEL Tho LbAFFES] *INE\ LA THY, Iz Ttk %D
BE AR ES L TND Y,

MK O ER G A TR TRITRON TRY, RESELAWIEH T2 TR I SbITHK
BB, TDIIRTERD RALMIE, ERU 7= 35 ICE DR IRNA L L CORTREME R RiAD B, LAsLA
Do, KL DERKBIBDIRNZER, ZNETHAI~GATHICE-sTELA RGO EITITH BN T
WU, LTzd3o T, BEARBZH b D72 0 DR Th A,

I REMBEERE T D201, TAI=TLED L a=y AOBESBALYICIEE L, ~0RbIE
B DBALBRLT AT DIV N a=T ~EE B0, BRCOBABEICHLAZLN TS, ¥
TALEMORERBEET D ALC BLO Zr-C A BV TR AF — 5 bR S RS S o
MRIELTEELV, AlZr-C ROILABITITNET AIZIC, HBWVIE ZnAlLCs DERENHESN TS
YD, RBTIET A=A, VN amy AOKEEEL B, REBICEAMOBEE 1000°C THRALA
BLZBR (LT, AERRERTLTD), I—R 7 Iv 7 B LR ENNOARER LT, KBRS
PO ORI DERKIKT2H AL, 8§ 72 EFEBEMEERIZT ALSIC, 2FLLTHELE ),
ALZr-C RIEEMDE RIS L T RE R B OBEAMEN 3 ITbED, -, 20 X57% Al-Zr-C Zfbd
YVDOBALZEEZREL-HEIT, KFEITZDIZUDTOFITHS,

2 EBRAE

BRTNVI=UN(99.3%, 75 um, HETAI=UL) 2ZOEEERLE, &R/ a=71(98%, F
HAMEE) (ZRTFIBER SN DBIREL T, 40°C TR E SRS TR L, BRI ARG
R (RFEHER 88%) ITMAT, B—HRo T 5u7 (9% E, B EEPRI TR 25 nm, HIEH—FL),
BRIR IR (98%, -75 um, FLEEFH) DIFEEL BRI,

Al-Zr-C FAEEMLL T, Leela-Adisorn 573 A1ZrC, BE N ZnAlLCs DAREZBEL TS 112 & i
EFEHDOBEEEE BB, FFEEORE IR 1 1R TE912 ALZiC DR 1:1:2 DE/LH
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ELTc, FRBERELILHLABTRALL, REVEEMIOITICEEL T AT REEAT,

1700°C (FHEZREE : 10°C min"') T 5 BT, F2 BAMHAL CERREEE, ARBED X #
[E#7 (RINT2200, Rigaku Corp.) /3% —2% 20=10-70°D&iFH, 2% 1> AL —F 2° min” THEIEL THY
MR EFIELT, & AR EREHE ISR TR E 7 — R v —b RICEEL, IEEE 15 kV OB
HAEE BB (JSM-6340F, JEOL, Ltd.) TIRRBLZBEEL =, B FOEBEEIIL Y ) A—F—
(Multi pycnometer, Quantachrome Corp.) T~ AH RABEHRIZIVEIELZ,

Tabie 1 Molar amounts and weight percents of
ingredients for a synthesis of Al-Zr-C compounds.

Ingredients Molar ratio / mol Mass / %

Aluminum 1.00 18.97

Zirconium 1.00 64.14
Carbon 2.00 16.89

B R IRDER V2B % 10°C min™ DFIEEE T 200 ml min™' DZERFFEKH DV L 656 ml min' D
TNy /S BRFRIEABEEHKOE BERZEHE (EXSTAR TG/DTA6000, Seiko Instruments Inc.) &%
BT LT, BAE B RERSIT OB, R4 LI AL I EHAE 4595 (REGA, ULVAC Inc.)
THW LIz, R EET LT B FC AT 700°C, 900°C, 1000°C, 1100°C, 1300°C DEIEEET
10°C/min THIBAL , FrEREICEIEE, HEBIREZERRBEOHEL DIIZITRAL TR I, &
WU RO X REPT 7 — % E L&A THIELE,

3 HBRELUEER
31 Ai-Zr-C RILEPDERICBLETRREROEE

1(a), (b), ()IZHFERBIFEZHLHVTEMLIZ Al-Z-C RILEWD X REFTF—vE2ENT
T, (@), (b) B2 BINTEIFE —71% ZrALCs BEIY ZnALCs IZIFBSh, ZhbDEA R
WG RSV, B/ 3F— 2 D 20=323°1ZFIT- Zr, Al Cs DEIEREE 20=33.5°1ZF T Zn,ALCs DFN
BT DL, fiE OMENEN oI, REBEDAERBRBLION —R T I 212hnbbT, I
ZnAlLCs Tholo, RERBEL DWW TCERIF2EIEML, RO FEMEEHEN O, & RISN52EED
BE AV & B BV 31T AT LR OB & LR DO B biZ L > THRETH B,

(TR TITHER B ZL DV D L2FEDE G R DY — 7 LEBIT, 20=26.5°1ZBEhDE—7
DPEKSBRNT, AL RBIRE BT 5L, BRIRBANERIEIEEL, TO—HF TARBERRZRLT—R
YT T TIEIANTEREBIR T N TEBRSITHBE SN LB 2 b5, R BEADIRBIROEE, B/
BISHFER LIZSNWZERTFHEIND, FERERFE THARERBEN —R T TN IRISHEREL, B
REBENIPISHENENZENER THAY, LLERD, R EHEZRFREL CODEERSICT L=
VARV N A= AHDNIZTNODEEITFRD SN o7z, ZORIZ OV TERE I TE 2N,
BT RETEREDOIRE U BRI T DL A7 8 SBITBE A A T2 B BE R TH D,
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1.6 ———

® Zr,AlLC, (c) Flake
- O Zr,AlLC, graphite-
A Graphite

1.2

Intensity / counts [x104]

10 20 30 40 50 60 70
2 theta / degree

Fig.1 X-ray diffraction patterns of AIl-Zr-C system
compounds from various carbons; (a) ligneous carbon, (b)
carbon black and (c) flake graphite.

BRI Al-Z-C RALE YR T DOFE
FrrERME A EEETERECE
BL, Z0BEE 2 [TELHTRT,
SEM bbb I, REKRENLE
FRENT Al-Zr-C RALEPIE 10 um FREE
DEEAETh Tz, —IRRLFITERE 2-3
pm, EE 500 nm BEOKIR THD, 71—
R T T bbNALRIF DRI
RERBOLXINVLHESDORESTH
2T, EITRLFIZFEE T/ NENERIRIC
BRENTZ, ALSIC, DAL PTHEEL
12T, FERBERFBOERICLSTERK
RLF DHCRAE DRI B O THERD S
Too RERBBIOH =R T To7005
BRI AlLZr-C SRR TOEEEITZN
FI4.69 g cm®, 448 g cm® THY, K'E
REBEDOA LT DL I ThE R H
ElIhednizbtEbng, — 5T, Ty Sare oAy P
BERBAEZDLHBL SEM BBV THE Ry Al e S 1500 50

BL-BegnniToxhiEesh, X #E Fig.2 Scanning electron microscope images of
Al-Zr-C system particles synthesized by using
ligneous carbon, carbon black and flake graphite.
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PFrOFERBEMFITONT,
32 Al-Zr-C RILEVDERLEE)

B LT Al-Zr-C BB F DEE BoR Z 2T (TG-DTA) OfE B2 B 31RT, (a) D& BRI FITRE
BICARE RS, (b) DA FIZRBRICH—R T I/ 2B IRLIEb DO THD, BHRERNDERL
TR F IR B L TR T 5720 TG-DTA DS SEMNLRII LT, B 3 1BV TKERES i>v TEBL
HARIIBVEER (TG), 5V TIBBRL 72 IR Z2 (DTA) iR E R 7,

40 - 200 40

, - : i - 200

" (a) Ligneous o (b) Carbon
o 0 carbon S0 3% black 150
<~ 30 1400 S 30 © 100
] > 8 >
2 25 - 50 2 2 25 50 =
2 3 8 , 3
o 20 0 g_ o 20 0 c°=
2 45 50 § 8 15 50 §
© - © : -
£ T E } T
§ 10 . © 100 § 10 ©-100
2 5 450 = 5 . -150

: il

0 ol L - . : _200 0 : - ! (RN [N PR, B _200
0 200 400 600 800 1000 1200 1400 0 200 400 600 800 1000 1200 1400
Temperature / °C Temperature / °C

Fig.3 Thermo gravimetric and differential thermal analyses of Al-Zr-C system particles
synthesized by using (a) ligneous carbon and (b) carbon black.

3(a, b) D TG HHRIZIE R 5L, EEMEMUIICDS A | O (BRLERAA) IRE X 400°C iEE TH
olre I—R T Ty IDFRIL 300°C TETHoT2, BALBMBIBEE T — KA FROEIZLALDEEZ
TWD, A il B EIGEIRE (BRAIOE# R) THY, KRERFET 550°C fHi, I—AR 7T/ T 500°C
FHEThHoTe, R A iii (ICRITHEEEMBIIAEIRFE T 36.6%, I—RTTFv7 T 35.9%ThHhol,
Zr;ALCs DEEB(CEERIICE 25L, HINT2EEIEIN (1) 0168 26%E RELOND, LInLRYD,
TG IR S OHEFREE 10% EE> TEEHE X 72, 800°C £iL T Al-Zi-C RILEWITTTEITERIL
SNRNZEDTRIBENT,

ZZI'3A13C5 + 41/202 - 621'02 + 3A1203 + 10C02T (1)
221'3A13C5 + 21/202 - 621'03 + 3A1303 + 10C (2)

BR{L RUGIBTRIC BT ZsALC DERFENHELULWES, R (2) BMRESND, ZOIGRITLTZA
TEBEAET I IUL, EEEMEIL 40%EFHEIND, TG HBFOBR R THD 35-36%ILZHITIEN,
Fhebb, 900°C EEETREMDITRLALHOIRE (BRRILYBHDNIA IV REEERE) THRIFSH
TWARREMEN D, TG R il 525 v(900~1300°C) DEFHIZISU T 10~15%DEEB A EZ R, A
vV IZRBIT A EBEMBIIARE RENOERUIERLITF D 25%, I—HR T T INBERUTCRLF03 21%T
—E&72 o7z, 1300°C 1T CEERIIR B B MRITKIS LI ZE 08 h 0Tz,
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BT L7z [FLEFED DTA Hifg%d R5L, 1 #BAELT I S TRAGICEORERE— BB L, L
7230 T, ZOBE TIIBBLEISHEITL T3, I O DTA BT AR TR, ZOERIT
900°C FTIZREAL —I BB LT=Z kL, 900°C DL E TR BN — 7 DB 722 LA G D EST-T-H e
EZbD, REWC—IDBERIIBEFTIRERD L LAY OHERICLILDEHERIL TV,
M-V IR —IAHBL T, ZORSIIRBSNIREBES OBILEEIC - T &S L
BFHEND, BRI, EEBD SICHY TARBRSZEFL CODAEENEL, BRI
(Lo TRALDD LB b ~E(L T BB CHELZEZL TV AEEDbN S,

DN, RERBOOERLIRL T2 ZEE T T, LLITFOFIEEE (700°C, 900°C, 1000°C, 1100°C,
1300°C) TR DI LICL o TRRILRUGIBRR DRSS Z TN D 72, BRERTI LUNBVARL 4 DRI F
O X BREHTAZ— 2B 4 1R LTz, (@) 1B 1(a) ISR U AR D 2 — 2B LEZ, (b)ITRT
700°C TIXEHED Al-Zr-C RILBEMTHDR, 210, DAERLAFRD BN, () IZ7 900°C T Al-Zr-C &
EEMDE—7ITHERL, Zr0, DERNEELTZ, Z10, D —7 13V b 7 o — R Tt s D& VR EE
THDHIEDPTRIREND, 900°C 1L ZrO, BNHEAHENLIEFN B~NEBTHIEETHY, BALGEEFRD2
DO —IRHBELTZ, (d, €)IZ7RF 1000°C LT 1100°C THIITHIRL - — 21372, BFH & Zr0,

2 I ! | ' | ! | ! I ' 1 !
® Z2r.AlLC

2

- o A oo | ALZIO
L S @0 @) A WAY ) <>m-Zr(%2
= 1_6_e)1100°C im | © Unattributed
X
= Ao
c d) 1000°C
3 1.2} M
g c) 900°C
S oohen A a
» b)700°
c 08¢ =
e s
£ L © o OOOM

) As-synthesized @

04}
°
10 20 30 40 50 60 70

2 theta / degree

Fig.4 X-ray diffraction patterns of (a) as-synthesized Al-Zr-C system
particles by using ligneous carbon, and quenched particles at (b) 700°C,
(c) 900°C, (d) 1000°C, (€)1100°C and (f) 1300°C in air.
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DY —TFEEDIHPHEMUT, (F) D 1300°C TIXE L —27 23581720, Zr0, DfE N EleoT-Zedh
73%, 1300°C THEREE Zr0, DB — 758 EL BN T2 RSN EE -, @F 1300°C TIXESF&EHD
WIEL T NS TAIER— RIS TS Y, ZOEENI KSR T, RFEOR{ILHE
BRALL TAERSYE T Z0, 13EiE TH ER R RERE T A RBRIEE R LTz, BRIF T DRBITITLDEER
{EBDNIAF L IREEIE 2 E DBALBROFREORKEEL, BLEAR TRRTAZLIZE-THL
DN CELZEREAFFLIZN, B LB RSN RIEIT 210, DA Tholz, —FH T, T/VI=T LA
Gy DEAGIZ L D4R (ALO; 728) 1, 1300°C ECHRMIZE —I B3 HEBLL e o7, B 4D ICFETE
ROE—27% ZEITRUED, ZHHDE—7 DU D03 EEHE ALO; IS AT REMEDN$H D,

DE, BB EREADGTTOBRE CRALZI A E B CRIE L TG-MASS #F 5 1”7,
TG ORIEITF X VT HADT NI AT 4:1 TRELEZFHIVTAZEA L, BESITIZETH
ELTZH AL CO & CO DI THoTz, (Q)ITTRT I, CO, FAZEHBROE —255 TG FROE NI
95 600~700°C, 800~1100°C DFIREEITUZTRNTZ, —F, TG BRI & 462D 900~1300°C (T
BT, CO, HASEMHRIE 1100~1300°C (28— RNH iz, Fiz, (b)IZRT LI CO HRE CO, HA
DOHRAELFICIEER Ch MR HEENT, L EDZEND, BREET ADASNIE CO 28 TS CO, HAMN
FEETHY, 1100~1300°C T TG H#RAEA T BRENLIR B DIERICEIDE D Lo oTe, AT
235, 900~1300°C DER{LIBFRIZIB VN TRBER D DEFEL TOBIEEEfTIT T,

40 - 5.0E-06 40 5.0E-06

35 (a) co, © 35 (b) CO o
X o X o
< 4.0E-06 -~ ~ 4.0E-06 ~

30 ~ 30
2 o 8 9
o 25 O 925 :
© .OE- 0 ®© 3.0E-06
2 20 3.0E-06 o £ 20 ®
-~ 3 -~ 2
£ 1 n £ I
2 s 20606 § 2 13 2.0E-06 $
z 10 - s 2 10 s
c T £ s
3 1.0E-06 € & 9 1.0E-06 E
= S = &

-5 ) 0.0E+00 -5 0.0E+00

0 200 400 600 800 1000 1200 1400 0 200 400 600 800 1000 1200 1400
Heating temperature / °C Heating temperature / °C

Fig.5 Thermo gravimetric and combustion gas analyses of (a) CO, and (b) CO from Al-Zr-C
system particles synthesized by using ligneous carbon.

4 F£e¥H
I E A RACIRRLL 72D Al-Zr-C RRLF OB FERAR Tz, ZOEBICHTHHREEBOIHDD
EDTHDRBIRIZOWTEHEL 72, AL CTHEONIZRH RE SO ITELD T,
(1) AL-Zr-C REEDOERIERTIRERIL, RICLIBE (RERE) DIFHI—R T Tvr
DERANRFHETHD,
(2) AR THELSNTZ Al-Zr-C LA OSEIHLEIL Zr,ALCs BL O ZnALCs THD,
(3) RFBTRICHER BEnE 5L, BRIREENL Al-Zr-C RLAM DAL Ry MY EBIEDND,
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(4) RE KRB DA LS Al-Zr-C RALAH OB ZEENL, 500°C ITfE CELOSBRtA SN D, T,

1100°C £ TRIBM D 2 HRFUIZEFBERISBEITL, 1300°C FTICREMR OB HHEINS,

(5) AL-Zr-C SRAL B M DBRALIC K> TEM TS Zr0, 13 1300°C CHALR R CHRET S,

1)
12)

13)

14)
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HTMEHEMER S CPM25E 9 H27H B M)

Al-Zr-CRIEEMDER & Z DB LEE)
R ENEAN MY T 3 v 7 ZAEANRWIWRET WP, arlEZ, B, mRKs
Synthesis of Al-Zr-C System Compounds and their Oxidation Behavior

Tomohiro NISHIKAWA, Tomoyuki MAEDA, Yasuhiro HOSHIYAMA and Shigeyuki TAKANAGA

1 [FUSIC

WA O R T L7201, TVIZTAEI VI AOBARWIIEH Lice TORYIEE & OB
LS TNV IFTHHNEINIAZTNERT H720, Sl CTOMHREICLIZ 5 I L TE L. FLEY O SHE
PDOALCB L UZr-Cif VWA L F—2 b5, UYMW SN AHEEME & LTEE L. ALZr-CRILE
MOERIZNL 2D OHEDNH LY, KMTETLIZ YA, INI2y 20KHEMAEZ S BV, REBICEEAM OB
#1000C THRALAAE L -8t (BLF, KERFBLRLT ), "—Kr7 50 7 BLUBKES > SAR T RHiz, KE
WENHER L7 ALZr-CRALAE Y OWALEE) 2 A L 72l 132 <, RIEEEDR LD TOHTH 5,
2 EBHE

TIVIZyh, YhazZgh, REOLDML 1 20FNVLTEEEENZ2HEL, HASKTHEAE L, RAYWEES

ZOIFICHEBMLTT VI Y FEMAT, 1700C (FimEE  10C -min™") TS5 MM L7z, P HARSH L THEB K
7 Udfﬁ:ﬁ\ﬂ)ifj T XA, SO BE A T ML, U, BERTREMONE b b, BEERER

DATTHAET B AL, WEAE ST L72, 700C, 900C, 1000T, 1100°C, 13007 o £ B T Ok &4l
DlEE, TNENOMETHH 2w L Th o XMl 2 Wi L 7.
3 BROLUER
31 ARZr-CREEMOERIC B LFTRRRDOHE
B1 (a), (b), (c) &MEKREL L HLWTHERLL

ALZr-CRALEWMOXFNT 8 — ¥ 2 2 EhuRT, (a),

-
»

—
(c) Flake
graphite-

—-
@ Zr,AlLC,
L O znAlLC,
A\ Graphite

(b) »obhdEITKRERFEA-FRYTIv %D

-
N

HbwabILZLoT, EHFE—7 I3 INo DS HAWIC

IR B N7z ZoALCEB L UZnALC S ER S N/zZ & 8

[/ g(b) Carbon 1

@ black -
10 o e 0o SligfMeee gm

(a) Ligneous

o
©

bho 720 Zr,ALCD2 6 =32.3° DR & Zr,ALC,D2 0

=335 DNz YH L, MBEOMEHL®C, EHIE

intensity / counts [x104]
o
'S

NN = ¥ K 7. N . - A R L 0 + . . = L .
b 59, FMHIZOALCTH o720 T OEBIE AR R 10 20 30 40 50 60 70
FELDbVT2HE/RL, BIMEHEI D2 —J5, #IK 2 theta / degree
Sl b nak, 20 =265 0 — 738, sikmey  Fig 1 Xeray diffraction pattemns of Al-Zr-C compounds

from various carbons; (a) ligneous carbon, (b)
VBT EHEIENDbdolze 2750, ZrALCHB L U carbon black and (c) flake graphite.
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Mg K¥ 65 (11) (2013)

Lo ALCHE BT &7z RBBUI DO, 20 2 HIHOMEE RALW & IHED 5T 5 2 LI BECRELE Lo Fi 4 T af
ETH b,
3-2  ARZr-CRIEEY DB LS

BH L ALZr-CREF OB ERIREHDHT (TG-DTA) O#RER2IIRT . (a) OEMMFIERFBIAERE (b)
DEWHMFIIRFIRICA =R T 7y 72 BRLbDTHL BRBH»LEW LR FIIRFELENT 572DTG-
DTADIEBSI R 5B Lize B2 128V THBRZI—vTHEMLAMBIIHRER (TG), [V TR L 2 thi#HidrE
O (DTA) itz &9,

40 — 200 40 200
35 (@) Ligneous Il N 150 150
iv 35 | i
< carbon < }
~ 30 100 = 30 | 4100
3 > 8 ; >
2 25 ¢ 50 = 2 25 450 2
£ z 8 ; z
G 20 0 o G 20 40 .—?
4 % % o ®
T 15 -50 g 15 - -5
£ T E z
S 10 - -100 S 10 4+ -100
] [} i
2 5 B 450 = 5 | -150
0 i— Lo : it 2200 0 -200
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0 200 400 600 800 1000 1200 1400
Temperature / °C Temperature / °C

Fig. 2 Thermo gravimetric and differential thermal analyses of Al-Zr-C particles
synthesized by using (a) ligneous carbon and (b) carbon black.

2 (a, b) OTGHFUIIEHF 2 &, HAMIN B2 ERMMFIALREKT366%, 7#—K¥77 927 THI%T
Hotze S0CHIETALZ-CRILAEWIZERIZBAL S N W EATRIBE N2, DTAMMA S T E A ¥ — 2 13RI X
HIRALBULAEIT LT W2 2 & &, #RH 2 HI00C I £ TRFELME A S P ORBECHRIES N TV Tl D
B BALRISIZ & o TRALW A SALW~EAL T 2 BB THE(LEZ R LTwb & Bbh b,

4 FE&o

W7z BERAWER & % 5 AL Zr-CRETFOEB 2 AA 7z, SOBBIHTZHERED) bDOV0EDTHBRER

WOWTCEHili L7z ABISETHONICHEREDEICE L7,

(1) ALZr-CRLEVDEBIMEIIT 5 RFEIL, RIELABEOED» A —KR YT T v 7 OFHITHETH 5o

(2) BB ENIZALZr-CRALEY DIEWMAMNT ZrsALCsB & UZr,ALC, T 5o

(3) REFEWBIZBERBSMZMHAT 2 L, BIRBSH L ALZ-CRILEM O VR Yy MRS NS,

(4) ALZr-CRALEMDOBRALE DI, 500C L8 CRALABIG S B, T/, 1100T £ TREWS & 0 L7 SIS
HEIT L, 1300C F TITHRFEMS % HH$ 2,

SZHR

1) U. Leela-Adisorn, S-M. Choi, N. Tera, T. Takeuchi, S. Hashimoto, S. Honda, H. Awaji, K. Hayakawa and A.
Yamaguchi: J. Ceram. Soc. Jpn., 113, 188-190, (2005).

2) U. Leela-Adisorn and A. Yamaguchi : Key Engineering Materials, 280-283, 1379-1384, (2005).
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lif k¥ 66 [3] (2014)

(3) BRI ABKUBIEMICKBDAISIC,DEEEE(LEE)
(=D I 3 v 7 ABARIRBUEE O BRINRE SRS
Oxidation Behavior of Al,SiC, in High Temperature through Gaseous Oxygen or MgO and Al,O,

Tomohiro NISHIKAWA, Yasuhiro HOSHIYAMA and Shigeyuki TAKANAGA

TAIZTLEY) Ay OREERAWDOVEDTHLHALSICAE, KESAIKYOFTMAE L TREEOBALH L%
RO BB ED DB TS IXALSIC,OMALIZ X > TH BT 2. ALSIC,OMEALIE B TR = 2 BA AR &
NTWBY, LaLads, B (MgORALO,) &ITF L7z E EOBALEEIIHG ST v, RIFFE TR
TP, EHUIE P28 5 Mg035 & UALO I & - Tt 2 5 ALSIC,OMALIZIER Lz, —J7, ALSIC,OMALIE DO %)
EFEANCHGT T A 72002, FULREB L CBESTEORIHRM RO B2 WA L7z,

2 REAE

ALSICIEEHRD & B 0 1AM LA 5727, ALSIC, (dy=10um) 2MgO (99.9%, 240nm) & 5 12 ALO; (99.99%.
170nm) & FRZNARIL T @ 1 THRA L7z, HAYZ BEH IR L, 15000 (FidiE30C min™"), 30MPadE)
MET, 7T &P T Or 2 & 0 s L7z ALSICH ROBALEEI~ OB ERRER T Z b BT
DEO2MWMY TEML, T, EREMKTERD S1300C £ TOMPIZ B W THEEE (10C min™', 1C min™")
DEZEBEEENE L, —HT, FREEZECLTCFY ) THAOT LIy HOBEFEOHMIC L 28 ek
L7z
3 BROKXUER

BT IZALSIC i R #E R (TG) ZALIH T 5 FildEo 45
40 + (a) 10°C min""
35 | (b)1°C min-

WREIRT, (8), (b) 2L CHIBMAEELC min~"T121000

<
P
TY EOBREMICBI BTGB, 1, o 3o0% s & 30
@ 25 -
DI Bl 7z, ALSICOBELRENE BALIUS RIS X 2 ER S 20
[2] L
WD S EET S L, L 1L, NEALOESICAERT 28 & 0 |
=
AL DB HEAT L, TR 00 AR TSICAT L L T5e 4 g 5 ¢
0
LA 5T D EE L SND, 7, BESFESHEL 7 5
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FOR: % S L S L 2si gt 2 8 L, SHBESL & Fig. 1 Thermo-gravimetric curves of Al,SiC,

DML DRSS & 2 ALSIC, DIRALIE % S50+ 5. depending on temperature-programmed
rates:; (a) 10°C min~'and (b) 1°C min~".

L EDOMHET AL ABALBH 2T 5., —F, Bt En

Xk
1) IR RFEEANRY — KU S NS - BB T -7, Wikt T 3 v 7 ZHAFREUWET (2006) pp. 62.
2) WEOHE © "REEAN Y - BOE2 S & - BEE -7, Wit 3y 7 ZRMRBUGET (2006) pp. 72.

3) PNRYE, WM, ALINZEE, IR SST2MSUR M S B S R AR, TR %, (2012) pp. 75-81.
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TR AR & CPI264F 4 A22H ~ 23 H Bilfik)

(4) ARSI RBICRIETEEYDFE
(=) e 3y 7 AEAFREME OfEz 2ILHEE =SEKSE
Influence of Nitride on Slag Penetration

Tomoyuki MAEDA, Yasuhiro HOSHIYAMA and Shigeyuki TAKANAGA

1 &S
BEREAM KWL, BEFHATIEBVCERICGS NG EBL L TEETAEZRET 2, RSN EERT 71
B, AT 7O EED D, HEVIE, BIMZOLONATZ~WYAEN, K2 EO5TiENHD, BAL
72A T 7 ORENHR L ClitREEOm 2SN S, RIFFETIE, ALOySIN AILADSEE 2 T, K~ D 2
7 7R E BRI E OBRIZ D THE 21T o 726

2 EEAE

RVIERLABBORAREEZRT, I VWESEAREL X5 7E  Table1 Composition of Al,O, samples and
i OB EBET 57010, BIRAE 0 - 3 mass% 2 E LS4 72, apparent porosity after heating
BB, RIOBEWE ML, 150MPac L BNIE I & 925x25% |52 O-SN |OS-SN] TSN | 35N
60mmiZ B L7z, 1500C, 3R, ST v EBH R TR L 720
RERBEDORMTEILEEZr g VRO TUX A FAFEICLDIEL
720

AlLO;(-1 mm) / mass% 60 60 60 60

ALO[< 75 pm] / mass% 30 | 30 | 30 | 30

Al,04(ds,=200nm) / mass%| 10 10 10 10

Si3N, (dse=550nm)/ mass% ex.0.5( ex.1 | ex3
F BRI C/S=1.32 (Ca0 : 42, SiO, * 32, Al,0O5:26, Na,0O :exb 0.2 mass%-CMC / mass% | ex.5 | ex.5 | ex5 | ex5

/ mass%) DEWAT F % RWT, 1500C T1053BIMs§ 2 5k TIT Apparent porosity / % 24.6 | 236 | 240 | 252
o, T, B WEEER - BAFMRICBW BT 5720, &
FHIRER G CER TR s S,

RO LENE. FRERE ORI 2 SEM-EDSTHHT L, AT ZFHICOAE T N5 Caflitr DR A S THAL 72,
3 RREXUEZR

KRTVIRT D12, B0 R TERILEER, S wERNEOR 4
i, BB EEAR S Nz. BT WRBEMEDE TR TR
LB AV U2hY, SRR T246%, FIHREIT 1 % RBETH
L2 EnH, 2FEHIIBI AT FREICE KT TRILEORE N
SECd B &Il L7z

) P , |
oL Ze
3 1k I
foo T2, BLTVEORNEBEZMENSEEIETHAT 7 ORBES 0

VIZHHABHI BT A2 7 7 OREH S 2R T, BLwELRENL
PRSI D MR & LR L TR 7 7 DRIE S AN E o

Penetration depth / mm

PNE o tey TNHOMBED, ALOJABHEANELIT W Hi % OSN 058N SN oS
BT 5 & & CRBEEAT LT B & dbhols, BALLEAT 74 Sample

ST VR Y A, BEPEAHIN L 72 & AN S LB,

4 oFED

ALOFIABHEAND BT VEARINE, BA L7 X5 7O A S, B2 ) b S a7,

Fi

g. 1 Result of slag penetration test.
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(6) E—IU RIND Y —DFHFRIRCEAFEDIRET

(=) BINE T 3y 7 ARAHREIWE] O asiE  KNgHh  BIUERE SREE
mlll) 797 b)) =2 NEHRL SRR

Heat Transfer Characteristics of Mold Powder in Continuous Casting Mold

Erika NAKATANI, Shuji TAKEUCH]I, Yasuhiro HOSHIYAMA, Shigeyuki TAKANAGA, Hirofumi OGATA and Takayuki SUZUKI

1 #®E

E— VRN FT =, AFT T 4N LPOFERIZE YRS E—L
FAOBZERGIML, S SER EREomE bz ey s L %2
LNTwb, LALT74 VAR NA LR -E— )L FEOEARBM L5
KIS NTBE ST, E— NV X F—DERLAED L HICHELET 50
PAEWTES o TRy, RIFSETIE, L= =TT v P aiklL o T
VY =T AN LADBILHEEWEL, HFUNERICEETLEEZLNS
FN %ML 720

—
o

(a) Sample 1 o Crystal
- & Glass

E. ®ecogs
<><><><><><>

©
oo

o
o

o
)
T

Thermal diffusivity /mm?2-s-'
o
BN

©
o

2 RERE 0 200 400 60Q) 800
Temperature /°C
1400C THMBLOD M BREE L7283 ¥ — 2 5 7 & R RIS T _ 10
' b) S le 2 Crystal
KT B720500C TOHMT =— 1) > 7 Lize TREIGES 4 2120 ki (b) Sample e Crysta
£ 08 ® $ Glass
LLAATRAEF YTk, S512750T T 1 KM BALEL L ik il S & 72 £ °
206 ®
FEEEY T DOWT, RiRETOIILHRBLMNE L, T, ab5hT = 0.6 s ° o cee
(%]
MO £ ) A5 77 0 AR E L s M A B L 2 04 F €0 o o o o
©
ThD, 2BUMEZT 70 SNODFHINIZHK DR A B 2 /S goz- <
¥ —% o 5
- £ 00 : : : :

o

200 400 600 800
Temperature /°C

3 #ER
PRI D 557 7 AT LD RMEO A 2, #E

Fig. 1 Thermal diffusivity measurements
[f D g T mm (i~ 400C) TSample 24Sample 1& 0 & <, & y

of crystalline and glassy samples:

500C L ETidizizM &z " LA (K1), Sample 1iZCuspidine, (a) Sample 1 and (b) Sample 2.
Sample 2iZGehleniten fth L, A2 4 2 72 b BRI £ Uz 0
LEZLND, " | 600°c A Sample 1 Crystal

B Sample 1 Glass
A Sample 2 Crystal
O Sample 2 Glass

©
[ee}
T

T2 MEDKR, KEMELSKE < %2513 EALHEIINES (2D
EEAA (B2)o ME L umTIRIA 7 ZH L D HMEDTTAE A,
EOMMEPKREL B EME L umD# T A E & RSEREICTASZ 08

o
(2]
T

Thermal diffusivity /mm?2-s-
o
~
>

A
AT &7z, 02 | ® A A
4 FED
5 A E T O T I O A IR ¢, SERCO— O T . s & 10
MO 7 A AL ARME LS X B kB & i o i Dy & o 72, L L 3T Surface roughness Ra / pm
MELZETHL, 79 AHLHNEORE VWA OB LM% L4, Fig. 2 Relationship between thermal

diffusivity and surface roughness

LI ENG, BERALICE D 7 4 VAR LS MY 8L e = T/ at 600°C

EER, BMNEBRICRESHFGLTWDEEER S
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SE2TIHNAE R AT A & (FR264F 4 122 H ~ 23 H B fi)

(W)W Z 3y 7 ZHAFRE T ORILRE SRIXSE
Densification of Al,0,-Ai,SiC,-C Material at High Temperature

Yasuhiro HOSHIYAMA and Shigeyuki TAKANAGA

1

=il

iKY PR EERO—BRE L TEARIM OB 2175 TE Y, ALSICRIZBW TN Z @ R {LE&Y
ALSICATEH L TWw A, INETORHDS, RESHIKWICALSIC,ABNMT 5 L EBAIRXSICEFMLUALEL DD
KELGBEHEIBONLZ EDDDo T B AT, COMBLMEY % L ) BBIITHHT A L 2% 2
ALSICZZ K A SELMEAEEZERL, MELRIB DAL R 2 FEIOWTHHE{To 72,
2 REITE

B CALSIC, O RUS AT L2 BRI B MM S N B S EEH Tape 1 Composition of AbOrALSICHC

ML, by 7 2OKFEHDPALSIC,EBRD SR EERL - sample
FK1OBAEY %ML TISOMPaTHIEH, 250C THIFALT7 =/ — b : (mass%)
Fused alumina —1mm 60
IRz AL S, BEEUR & U7ze MR L 72508 % b B sk i Gl L ¢ Al2SiCa —20um 25
ALSIC, D BUS % AT S 4, SEMALINS & OBl % XRD, SEM-EDS# ) | Flake graphite  —150um | 15
R e Phenol resin (novolak) ex.4
T L 72 Hexamethylenetetramine ex.0.4
3 R
TICHER e 0 R ILE % R 3. 1200C L TRILEDIETLTH Y, 25
ALSIC,& COA A & DFISIC & BRELANET LT\ %0 42, EIFHM NEN)
g5 L 7-20h D RIS R BERK 2 CIRIRED B 7 & & b ICRILEATE YIS Q 15 | 3h
LT LCI500CTid 4 %L TISELTHB D, Ml T I28V TR lifka 510t o
IR EhDEZ Ldbhotz, g1
¥ 2 121500C — 20hBE & DHEHI DT MY v 7 2 D% % SEM 0 L . . s
AR L7 A R, BERET c:&‘lﬁ,‘if‘foof:ﬁP)‘bi)lmﬂi)ﬂém CEoTH 600 800 T'gi‘;era‘ti?:/,,c““’o 1600
CRHESNTHY, SHCRONL L) LumA T OB RETF  Fig 1 Apparent porosity of samples
P ELR LR 2L, TORBIEBumOBE T & after heating.

VEETH L) ITREIIHA LT BT IBIE S N7z, EDSHHT O
R, WFIISICECENRFEL TV EHRLEON, ALSICH FAELEL
TV O AR DS L TR T2 2 L TREENzL 0
cHEME N,
3 FEH

ALSIC, 2 % { & &7z AL O ALSIC-CH B 1 B it T Tt i Kl
MR T 5, IR S IS, B/ R SRR IRKLF 27 0 B 7 o 72 BT

L R T b A BTN B U5 RS % T e '
ﬁi‘%‘ SR EDERE L CRENIIOAT S 5 U5 R 2 i 2 R4 Fig. 2 SEI\/I image of sample after
Sk heating at 1500°C for 20h.

1) BIRE, RBUISFER, IOWIR 6, 60 [10] 540-548 (2008).
2) BihF#E, \WOWE, BEWSFER @ik, 61 [6] 290-294 (2009).
3) BIARE, WWCWIR, BUISEHEN  ikd, 61 [10] 548555 (2009).
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fig kP 66 [3]1 (2014)

(29) I\/IgBQOD‘:%EJthﬁ’L%

(=W REZ 3y 7 28 REUNE OlpidE  2INRE mRKE

Synthesis and Properties of MgB,
Hiroaki TANAKA, Yasuhiro HOSHIYAMA and Shigeyuki TAKANAGA

1 s

MgO-CIA DD & L TMgeB,Chk EOBRILAWORMA A HME SN Twb, L, MgeBofba®T
HHMWL~ 7 2 7 2OFMEEIEH S22 SN Th v, AUISETIEIMgB,D & & 2 DR #i L7z,
2 RERFE

WEEE L LT3 oMeg s £fEBIE (B,C, B, B,0y) M/, BC% Table 1 Composition of mixtures

Mg T 6 L CMB,h E I S5 BUERHLICLE (R 1 iofis 2) Tl L7zst / mass

B O BAR A G CARRT, 800 ~ 1100°C THALE L 72, 7=, MUKHE L2 L 2 3
S 13) e L Mg 40 46.8 50
B (R VBORE Y S AR L 72 SULIE, B, XRDETG  [g.G s0 T30 50

DM % FEh L 720

3 RERHER

2 %800 ~ 1100C CHALIE L 72 OXRDMERA R ER 1 ITR T, W OERE T HMgB,D & B AR S 7z,
KON TKEL o7z, 800C TIERIGOMgh Bl S 7z, 1100T

Bl

MgB,® € — 7 8 131000C ¥ TIXIEHE { 2 5
TI1EMgB, & [ 2 MgB, o & B MBI 5 1 72,
AUBCHL %72 2 72 30K 1000°C BULI A O XRDIEE S 4 B 2 1255, Bl Lo it &
S, HEALRIE X ) MgBRIORE 31245 & RUSMORIIER0 5N ol
£ L 72 MeB,d K G 354 5 TGIES0 ~ 100% 20> T Bk A58 & L7,
4 FEH
Mgt B,CE DRISIZ X BAMgB,D AWK # MR L 72,

2 T RBUEB,CORBRERN

B L7z MgB,OTGEB) & 1), MgO-CILA 23D AL IR R A 5

T&5%, 5, MgO-CNAMIZHEIML, HFHE~OBELHMNAEAL 2,
B
1) WELH—RE, B, fRoRRZ, S, XI5 ik, 53 [2] 74-75 (2001).
2) BREfid bk, 46 (5] 269-276 (1994).
12000 [oMmgB, mMg aMgB,C, —5 9000 —
oB,C aMgO eMgB, Mixture 2 1000°C s 2\,
o 800°C Q =3 2
s 04 M0 4o X =
) 9000 @ Mixtureﬁ
o S 6000
%‘ 6000 2
g % Mixture 2
= + 3000
= 3000 £
[o]
AL 2O A *f4 A0 °A°1100°C Mixture 3
0 0 - TR !
5 15 25 35 45 55 65 75 35 37 39 41 43 45 47
20/° 20/°
Fig. 1 X-ray diffraction patterns of mixture 2 after Fig. 2 X-ray diffraction patterns of different mixtures
heating. after heating at 1000°C .
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B MgB, ® CO FEK T TORERRIGEE)

(=8 MILEZIy 7 ARIRIREME ORfEE, EILRZE, &RK=E
Reaction Behavior of Synthesized MgB, in CO Atmosphere at High Temperature
Hiroaki TANAKA, Yasuhiro HOSHIYAMA and Shigeyuki TAKANAGA

1. #E

MgO CHEDFMESZEL LT Mg = BiC OFMABHESINTND VD, Mg iZERENEL,

RPN EN D, BFESEOR WA CERRLTH LTM&E%%EBZTE) z é: DEI BT
W5, BaC 13 FLARRE PN T BaC+6C0O=2B203+7C DERD & 512 H T AFADERL & B — R > O
WL > TRRBRDEBLEGIE L 2B 2 BB TWD, LaL, Mg & BOHFRLEYTH D MgBe
WOWTIEHZEEBDPHALIZIN TV, 22T, FEHE L TEEMRKFTRE CHEMZH72 Mg &
BsC 3B E LT MgBe &L, €Dm{bEE%HE L,

BIT#R T MgB, D& DORE & BRHP COBLEEEFEM L Y, A TIE CO FEK T TORIE
ZEEPFEL, Mg BC & HHBHRFTT 5,

2. EBAE

HFEREE U CHARERZED B,COHIE 99%, FXIHIfE 0.5 wm) & Mg(FiE 99%, HIE 180 1 m LATF)
R\, R1ICTRTEATEAL, BRFZHAWT Ar &itH 1000°C CTEVLE L T MgB, A
L7o(U, R|ETIX<AEBMB> L RiET2)Y, <A MB>0 X REFRFEEZR 1 I12RxT, <
E % MB>XEABH MgB, TH Y, BIfEE LT MgB,C Y, HREUG B.C DIEHF & B b e —
7By P NN SV (I

Table 1. Composition of mixtures / mass%

Mg | 46.8
B.C 53.2
3000 .
@ ® MgB,
= O MgB,C
o A N
(&)
>
2
IS
=

20/°
Fig. 1. XRD pattern of synthesized MgB,.
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Table 2. Composition of sample / mass %

Synthesized MgB, 2~0.3mm 30
Flake graphite 99% -100um 70
Phenolic resin ex. 3
Hexamethylentetramine ex. 0.3

CO FHE T THO<ARL MB> OGS & M4 5 72 Ol ik BRen & MAG hE 7o E T Vi
B2 /ERL L TMEL L, S L, MEE (L 2R LI, <A MB>Z2R 2IIRTEIETEAL,
—HlINE, 150 MPa THE LTz, AIER % 250 CT S hnE L, 3BREE & U7z, SUBHIER 12 mm,
BEHTmmBE, BEEN 1.5 g BEOMERIRE Lz,

EMNEOTNVIFREEFEEFERALC, M EI—AR 7Y — Xk L, 800~1500 ‘CORT
EDRETE ShME Uiz, MEVE, WL, ¥R XREITHIEZ EE Lz, $R X REFTOHE
éﬂtr I, RINERYOETE— 7 2AKICT 570, EEEEIF1° -min' & Lz, £z, MEE

TEL &R T D728, SEM/EDX TEIE L7,

3. R

L Z 800~1500°C DETE DIEEE THMEA L 72% 0 X MEIFRFE K 2 IR, £, B3 IZE&HE
FRFR D ETRE 2 MEVEE I LT a v b Lz, 728, EPHREXMORFSREEEE LRV 20
fE (MgB, : 33.6° , MgB,C,:454° , MgO:62.2° , MgB,:354° , B,C:37.8° , 2MgO - B,0s :
19.8° , 3MgO * B,Os5 : 33.5° YD E— 27 D HLERR LTz,

MgB, i% 800°CT~‘3“T° WD M hE > TE Y, 800~1000°C D TEE & & & HizAsIzEd L,
1100°C LA £ TEAIZIHA Lz, MgB,y i MgB, DN T 900°C A2 TAER L, 1000°C TR
BNHERTHY, 1100°CTHA L, 1200°CLLETIEIEE L7z, MgO X MgB, D 2346 E % 800°C
LA LEAYD, MgB,y, MgB,, MgB,Co DIF « HRMAFRH 55 800~1300°C DM TIRE A = <
IRAINEEERENEL 2D, 1300~1500°C OB TIHEENE L 2 5I1F D Lz, MgO 24 L
158 5 1400°CLL_ET 2MgO -« B,0; & 3MgO -« B,0s B4R L, 2MgO * B,0; 1% 1500°C TAERM EN %
7polz,

MgB,C, X MgB,, MgB, & 317 L TV A ILEE L THEFE L, MgB, {HK% D 1300°C TIEE LTz,
B,C % MgB,C, 23 VH 4 L7z 1300°C CTARL L, MBVEENE L D IF EARENR L hoTz,

4 |ZINENET(250°CHNZENEE), 1400°CHNEME D7 EHD SEM/EDX BE %77, 1400°CHNEAVE, £<
D MgO BN<ERMMB>HITFRIZHA L, —HB<EMMB>HLT, 77774 MILFRERIZH>T
I BB L QO DR BIER SN, E, MEGNIFRD bhied o 7o <A MB >R
(ZHERE L7= C 23 1400°CHIEAE 12 i STz,
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Intensity / counts

310

PR R IREE (2008-2014)

20000
® MgB,
O MgB,C,
18000 ~--ww v {omgo
1500 : M VAY A MgB,
AB,C
16000 - -mmmm e | X Grapnhite
1400"% \ ¥ 2MgO - B,O,
14000 =T 7 \ V 3MgO - B,0,
D 0 T o < Unknown
1300°C © 9
12000 - =~~~ e mme e EEPE
1200°C
10000 Foemmm e e - T T T T T T T T T e
8000 +-----
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(@)
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®*
0 . . ; - -
10 20 30 40 50 60 70
20/°

Fig. 2. XRD patterns of samples before and after heating.
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Fig. 3. Changes of XRD intensities of heated samples at different temperatures.
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| )Afté heating
Fig. 4. SEM/EDX images.
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4. ER

<Em MB>® CO FERT COMBKISEEBEZALMIT 20, LTI, BA%ET—% %
RN THR I 7 fEIR & A D

EBRFEREZEHT D L Mg & B O{LAWITIKED HDOMgB2, Mg0)—@MgBz, MgBs, MgO)
—@MgBs, Mg0)—@Mg0)—®(B4sC, MgO, B205)D L HIZZELL Tz, 2 Z TODEMED B
DFEFEEL LT BeOs DIEREBEREEZEET D, @DEMED B20s3id MgO-B:0s ZEALAME LT
i sz, ZOECEMEFENICBITT 2 LMRT 2 2 & CUTO~@RDOKIGHEZbILD,
(D~@)RXD CO T mEER 5127 T, CO FfmEE R THEARL Y HOFEE CIXRISHNE T
MICETrZ L &R L, BB CHENCEEIXEFRERERL TN S,

MgB,; (s) +4CO (g) = MgO (s) + B20; (1) + 4C (s) (1)
2MgB; (s) + CO (g) = MgO (s) + MgB4 (s) + C (s) @)
MgB, (s) + CO (g) =MgO (s) + B4C (5) ®3)

Log Pcp / atm

=y A 2MgBZ+CO—
S ... MgO*MgB,+

: O

—9 T l\l/\l/lgBO4+gO(:_ ‘‘‘‘‘‘
+
40 A L TR
500 1000 1500

Temperature / °C

Fig. 5. Equilibrium partial pressure of CO gas.

MR OB OKILFIIREEREK TH DD THRFEDE 0.2 atm, EFRHE 0.8 atm THDH, I
B2 — R 2C+02=2C0 DEISHRD & 512t + 5 DT, KERE(N atm) T Tk Pco=0.33
atm (33 kPa) LARE LTV iz, LAL, 1000~1200CT MgBe & MgBa 23367 L TN e & W H R
Bt RARE 2D LR 505 CONEITEE LY bIEFITIEL, Pco=10% atm &> Tt ¥E
Z6N5D, Peo=10%atm ERET S & 1000°CFE Tix(D)ZAMELANZHEIT L, 1000~1200°CDH
TIEHQXDMERMNCHEITT 5 L EETE 5, Z O TiX 1200~1300C T MgB4 & B4C 23779
5L NERBRITE L > Tz, MgBe ROZDAERY MgBs 23 1HK L7ofER, HHEERY
IR ERAL, AEE LTI TEERE L R R DARIIBT LD EE X LD,

6 12D RIRIZHE » T ByC ML 5 & & D CO Ty EERT, TIE & L RIS, B
L0 LRI TIIRIS R EFTANCET Z L 2R LTV D,

B,4C (s) + 6CO (g) = 2B,0; (I) + 7C (s) 4)”
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Log Po / atm

500 1000 1500
Temperature / °C

Fig. 6. Equilibrium partial pressure of CO gas.

6 LY &gz sl & Ui CO Vi FEDOF SR L 0 T OREER T (493D~ DT O FRENE
LTS, MgBeCoDEHZET —ZBARR L TNDEORYEEZRETCE RV, ERER
DHIXERORI AR EEZBND, T 2T 1300°CLLETART 2 BC 2 4EMT 2 ME D
i & LT MgB2Csz, MgBs, BeOs T DIZE DT,

2MgBsCs (s) + 2CO (g) = B4C (s) + 2MgO (s) + 5C (s) (5)

7272, EIREER T BaC ARMIZE L TIE— ISR E N5 BiC IIMETH Y, RIBE
HT@WRANET LTLEY, BEEEE T BC ML TWRWDOT, Fic2iETEDRmED
HBHEEZEZTND

Mg & MgB, DL %95, &8 Mgl immr’i 650°C, 5 1093°CIZ % LT MgB, idiaREd, 1545°C
THMRTHLEVIMEEBEZAEL TN 9, K4 L0 <EHMB>IZBNTEH Mg AR L AL
FHTOBRAATHPBIE Sz, Mg ?&*ﬁw&)ﬁzmmmm‘é REMEHR T TO Mg DR
B, MgB, DR G % (6), (NIRRT, (6), (1)FRUZ & W HAET D Mg(@AREZR 7 127,

Mg (s,1) = Mg (g) (6)
2MgB, (s) = Mg (g) + MgB4 (s) (M

&J8 Mg DFRKEIT LT MgB, DARIZHE 5 ZEKEEIR, &8 Mg ([CHA_T XY miREE T
Mg DIEHNEITTHHMDOH D Z LD, £z, &8 Mg & <A MB>DEAFE LI T D
7291 Ar &G 1000°C T 1 h MEA L CEERAO R Lo 25, <HMMB> : +2.9%, @&
Mg : -89.1%CH v, B/ ZNTD b,

B DEESREIC Mg, Al-Mg AFMENTWVA2, Kb LT Mg RSN AL TL
FHZENHAHDY, <AHMBSIZZIOBOARLZEHYBRFTEELIHDLEEZOND,
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Log Pyg / atm

500 1000 1500
Temperature / °C
Fig. 7. Magnesium vapor pressure.

5. £&&
B MB &0 —AR 7 ) =X CMEL, COFHEKT CORBMKIGERT LIZER, LT
REBT,
® MgB2 i3 800°CLL T HEE{LAMAE D MgO Z4RL L, 1100°C TiHLT 5,
® MgB2 L 900 Cx##Mx D& MgBsZAR L, IRENEL 25 LB L, 1200°CTHEET
Do
® FIfH MgBaCo it MgB2 & L<iE MgBs & #FEL TV BRITLREICEEL, MgB: RO
MgBs 231595 & MgBoCo bl LIELT 5,
® 1200CEMA D& BiCBAEML, BENEL RIIZONTERRITIEART S, £k
JR1% MgB2Cs, MgBs, B203 DV 1k,
® ik B0s DEBN —EARHATH -2, 1300CE2H x5 L MgO & DibEY
2MgO -+ B20s, 3MgO * B2Os DR fER LT-,

ik

1) WEITR—ER, BRIERIE, RAFRZ, EEHE, KF@-T : ik, 53[2]74-75 (2001).
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1L26
Al,SiC, DEE R it & F D%

(RIS ATLE 5 3 5 7 2 S ATRBIITH) O - AL - RINAE - TRIEE

Oxidation Reaction and its mechanism of AI,SiC, / Tomohiro NISHIKAWA. Tomoyuki MAEDA. Yasuhiro HOSHIYAMA.
Shigeyuki TAKANAGA, (Okayama Ceramics Rescarch Foundation) / Thermo-gravimetric analyses of ALSiCy which were heated at
873. 1073. 1273 and 1473 K in air flow during 12 hours. were performed. Heatings at 873 K, 1073 K and 1273 K were changed a
rate of oxidation rcaction of Al,SiCy lincarly. This showed an appearance of an oxidation resistivity of AlSiCy until 1273 K.
These results suggested that an oxidation of’ Al;SiC, until 1273 K corresponded to the Jander’s diffusion-controlling reaction model.
A formation of SiC through oxidation processes of AlSiCy is probable cven in air flow.

A5 - nishikaw@optic.or.jp

[#E]
TAIZULETALAEZOBRRIEWOULE STHD ALSIC, 1T ANES MLEMTH D, AlSIC,
DOFEIE 2353 K T 0 | BPIREARZ EERMBI~DIEHR HIAEN S, F-HEET I v 7 2L TYH
JEBHAEZ LAY TH A, HE T+ irbiTuwiwyy, ko kL 9 Z2ISH % B3 LT, ALSIC, DL
PRt AR L Ch< 2 EIXTETH D, ALSIC, OFERIELEIEE ALO; DIEMNIZ SI0, HHWEILT A Mk
T D, 205 Si0RLT A MIMEBFIMR TRWELIRFENI L 72D Z E BN BNTND A, KD
PRAC L DRREIETEDE Y (BRAERE (L& D W IEfkeiiE (L) CRE A D, AU ALSIC, DE{LBREICB W
TR EN DD, ZBRBEIRIT & D ALSIC, DEL G OB % 705 2 £ & i & LTz,
[ =57 1k]
BESR DR - TAR LT dsg=10 pm (ZRIEEJHIE U 72 ALSIC, B A% & Bz, W (bBUS O fEd X B E B
(EXSTAR TG/DTA6000, Seiko Instruments Inc.) & & HUVTIT-o 72, 200 ml min”' DZER &AM SR8 5 10K
min' T 873K, 1073 K, 1273 K 8L N 1473 K ETEFNTIMA ST, Kl T 12 BRI HRE L1,
[FE49 & B4
BRTEIREEICRER S 12 R L7 & 2 OE 45

WAL Z Fig. 1ICEEOTRT, 1473 K THREFLZ o 40} RYPTR
EEL300 EMR D L ERAMRITA08% et 38

IC X DBGHERBMNE 43.5%) T—E & o7, 1273K 2 307

T (30 B ETICARARRNINE T, FoE £ B | ererK
AT L=, 1073 K Tt 1273 K S0 i 5 ﬁ

IR L7225, 12 W% o RHUNRIT 112%E K0 5 4 @io7sK
S, 8T3K (RFFTIHA X R ERIINGE - 59, ik § sL—"_ @873 K
1.86% Cdrol=, ZHLEDFEENE 873-1473 K £TO o ———
ALSIC, RO HERLYEDW] 52N e 5 7=, 0 120 240 360 480 600 720

N ; Holding time / min
- Fi < BN B Sl g )
DEIC Fig. | Tl b7 AERAL R D BE(LUE Fig. 1 Weight changes of Al,SiC, for 12 hours at various heating

DHEWFHREE IS T D IUSHak Rid7z, Fig 2127 L temperatures; 873 K, 1073 K, 1273 K and 1473 K.
7o i (RSO 85 & OIS 2 N RO
IS T LR

- 0.0
0.035

]_/7—:3 Flg 2 (a) % o 003 | ;:h 0.0002
FFF 30 X ETHIE T o025 =
DHIEPTEBH, T oo T
(b) TIH{EEF 720 45 0.015 = 0.0001
T THIBICE o0t | , 12
fL,l’C%ZsQ JJJ;U):_ 0.003‘ 1-(1-a) =kt . {1—(1—a)3} = kst
L ALSIC, DOk 0 120 240 360 480 600 720 0 120 240 360 480 600 720
;tg;fiéﬁgﬁﬁ& Holding time at 1273 K / min Holding time at 1273 K / min
NESUH Z D,

Fig. 2 Reaction kinetics models for an oxidation reaction of AlSiC, powder at 1273 K; (a) a

OB i ) .
DBLEIL ALSICy O boundary-controlling reaction and (b) a diffusion-controlling reaction.

3% R FERB DI RKIC &
HETHEND,
D) PN, AT Z, BINEZ, (Lo R ik, 2012, 64, 542-543.

AEAFZEABRESIVIARE F2IRMEL VRO L BETRESE
© The Ceramic Society of Japan, 2014
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2Q21

CaCl, ZMIZk VERIESEL-KRERZED S 7 U@

(= A AL 7 2y 7 ABAMRERME) OmNg - 68 - BILRE - BREE,
(BIMKRE) # LR, BRASHALT 7 /v Yy —X) Bl

Raman analysis of the crystalized wood carbon by addition of CaCl, / T.Macda, T.Nishikawa, Y.Hoshiyama, S.Takanaga
(Okayama ceramics research foundation), Y.Murakami (shinshu Univ.), GMatsuda (Iitachi High-Technologies Corporation) / A
CaCl, solution was infiltrated into a bark, and carbonized at 1273 K in carbon powder. The carbonized CaCl,-bark systems heated at
1773-2073 K for 12 h in an Ar. The heated wood-carbons were analyzed by XRD and Raman spectrum. All the sample observed
sharp peak on 20=26.5° in XRD chart, and observed peaks on 1580 and 1350 cm™ in Raman spectra. In this study, we found that the
crystallized wood-carbons by addition of CaCl, were graphite including many defect.

464 © tmaeda@optic.or.jp

[FEF) IEVER 2 & OIEMBRFIL, KRE A RMifEZ RS 2 &0 BEMAMEND, Bk BEN OB fE R
FITWOKIEEZ 3 2 &2 RS A ) 78 & OBBEMENIISH EN TV 3, BIEWAE TS AT EE 22 1R
iu ZDKES %@%ﬁ6$ﬂbfw5m\mm%ﬁ@mfiﬂ4ﬁvx§ﬁtt5$EF¥V¥%ﬁ%

EIZBAELTEY, TROERFMEOERE LTRNAMETH 272 51F, BN TREFE &SI
}: MNTE D,

g LfJ\T/f(ﬂ\’Er“%i&ﬁ‘é)tii[ﬁ—@i EPERFZETH Y | WILREMOIEWERFBITHERLT VD, F
R A RDHITIL 2773 KLU LOBBEEALERLE L 20 . ERkIZBW T2 X MBMEE 25560 &;6
ﬁ'tiﬂi,—%‘%ﬁ?f:}ﬂ:’rﬁz EDORERBMLICOWTE, HxeRLnENTEY, T Fe REDERBAIIMIZL B FIET
I, RBKOLEHPEOND, BRI TIERREORERENERFHETH 523, IINFIOBREIZ D E
SNBH, BEMDVEEEHEEZRTZ L0, MNAIOZERMRENELWIENRH 5,

AW B LT, REEEFIED D BN A 155 FIEE R Lo, Ca sy &£77 F T, 1673 K b b
S EE D, BRI OB TEMEDRFZEH LN :

HIEHRINETHLMCLE Y, Kk, Eibsg : M‘ -
7= KR ORGE AT 21T > T2 R & W L.ﬁ‘;’ s f ’
[R5 R Hok% L7 %I 0.14-5.44mol-L'-CaCl, /KIA » fo

Az Ui, Btk EIR T2 hizi L, B :
373K T24hwiffe Uiz, Wi oMEE 1273 K, REH !
RCIEA L TRAL S 7z, AL % OFREHT 1773-2073 K,

12h, Ar P CEMLEL A 1T > 72,

BLEL % OFER L ORMEE S W EFHIIT D 72012, oy

3!6 X MR ET I (CuK i) 2 )V T L 40 kV, 30 mAL 0.2 °-min™ v

ST U, £72, Mk L7oRFE OIS L STEM -
?if:ﬁ B L O T < s L0 i L, 5 um
[ ] X S84 — A2 BNT, T R_RTOAERE SUS000 30.0kV 0.0mm x30.0k BFSTEM
(ZBWLTHIWE— 27 2320=26.5 °, 7 r— F7Z2al4fi2 20 Fig. | STEM image of the CaCl,-wood carbon
= 153001 FNFNRBES N, 2 LD CaCl I & after heated at 1773 K for 12 h in Ar.
ARFEOFIMLITT OMICE Z > Cnd EEILND,

Fig.1 {Z STEM {QEZ/T\T STEM £ v, 30 um U);frunil 3000

(LU= A"ERE & 3nm ORI OREIRFENRIEL . ¢) $.44 mol-L!
WD EABE S, X BET Y — o O R e ﬁt PR |
To. Fio. L U7 ARE R R ORI IERE M O R E R E 000 |
B3 & LlE LT 10000 fER & W2 & A5, CaCl, AN & z b 1.36 mol-L1
2 176 F O AL LI R - PR ARG T & 2 TREME 23 21500 —_M_—.
Ellbhns, B

Fig2 IZHi T ~ i X ARV O KB R EOfRYr 5 % T
AL A& Tﬁ TRCOKERET, 77774 bOfGEa 5 W ) 0.14 mol-L!
ISR 5 G 23 F(1580 em’ )4:&77 - A l‘ﬁ’ﬁm = N o
DRMICH KT D D 23> F(1350 em YoMt &=, = 0 . .
ULV | CaCly BN Tl & | 7 KB IR 3R 1Ak K MG & 1100 1300 1300 1700
ZL GBI THHEEAD, Raman Shift / cm™!
(SCHR] 0 Az, iR, RIERE, @ik, 64 Fig. 2 Raman shifts of CaCl,-wood carbons after
(11] p.540-541 (2012). heated at 1873 K for 12 h in Ar.

NEREEABRESIVIRGE F21EAMFL RS HL BETRE
© The Ceramic Society of Japan, 2014
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CAMP-ISIJ Vol.27 (2014)-727

101
E—ILRROF—OHRREREFERE

Heat Transfer Characteristics of Mold Powder in Continuous Casting Mold

I TSR —XM RITHRR OfiREZ, PERKES
(—ED) RILESIv I A EMREEE 2ILRE

1. #
E-IRROE—E, BE-FHEREORST 74V LFD Temperature signal
ERMEERBTEoECLY . BE-BAROMES versus fme

HEL TS, LA LR -ERRBOEGREHEE 7126
BEhTELT . ASTTAILLIODERTEMN. 20

l]||||

EERIZHLTEDLIIZHEETH5DOMNEBHREICLG>TUVE

W KRAETIE. RST T4 LD GEEEFERZRIZE T, | Laser pulse |

L—H =591 IT k2T T — T4 )L LD BILE el
FEBEL. RST TAIL LN H T AR LEHROME Fig. 1 Dual layer method
ZEREEL -, Table 1 Chemical composition

SiO; Al,03 Cao F

2. ERFE Samplel | 35 6 40

1400°CT/ARLER 10 D RERIFLIZE— LR —% 84 Sample2 | 39 7 37
BITHRL. BREIE hERRET H1-8 500°CT 30 nfE7= o
— 2 Utz CRERES A RICMILEADEHSRE o DGlass _Snge layer
HTILEL, EBIT750°CT 1 BRIBMLIEL . SR ICH# o %8 @ Crystal _Single layer
BILEH L OEHEEY L TILELE, ChdHUTIL E o5 | B Crystal Two ayer
ORIEHEERMELIA . AEICBVTERTT T4V L zod
EFHEROREEZEERTA-012 BURBENABREDOTIL § 03 |
SFEMEERR 2 BREETL. REMEREEEL: 5 .,
A5G 4 1L L DRSO FHEE T 0 7=, E |
3. EEARE " oo

RST I LDBSEL. REEETIEICLYE Semple ! Sample 2

Y Fig. 2 Th iffusivi
T95, ATV T4IILEREMITIFERZOFTEIZEY M YA ig ermal diffusivity

HBEL, $H-X55 7L LREDEMKEN LTS o0
CETBEBMEAEILT B, CORIYIALLRED 2 os L
M, IO —REORNEEmOBETI e
B M ~MEIIOV A —F—DRELLALOMY z S
(51aY)) B EIEBRICKELEBEEZ DEEZOND, 291 o
D o2}t )
4 _FeW g
RSTTAIVLD 2 BREETIBICEY . HE-2557 2 o
VLR REEE BT 58S (ML) £ 5T+ 0.0 : :
DENHE, 7\7774Mn\b%naa$ﬁujott)%z¢ ° o E ’

Void index /-

BRIT TN LREOMONHFRNERICKSTEE Fig. 3 Relationship of thermal diffusivity

E5ZH5EN M oT,

and void between samples

Takayuki Suzuki (Shinagawa Refractories Co., Ltd. Research Center, 707 Imbe, Bizen, Okayama 705-8577)
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V,0; IS & % AlL,O3-Cr,0; RNADDHEED R L

— M EEARMILEZIy 7 AF IR E  OfMAMAZz BILERZE SRESE
Enhancement of Corrosion-resistance of Al,0;-Cr,03 Brick by Addition of V5,03
OTomoyuki MAEDA, Yasuhiro HOSHIYAMA and Shigeyuki TAKANAGA

1 #E

BREMDIREF CHRAET D AT 7L, Ca0/Si0 a8 0.5-2.0 LK<, TAH U 5% Eie Y,
T DT, WEF R KITEN A T T HENER S NBILFEEE O Tl Cr,0,-A1,0, %
REDT o LEHMKKYPERINAHENRH D 2P, WP D Cr,0,1%, OF NI EFEH
R QT A )R, @OREN 1200CLLTF, EWVHIEUERERDBEICANEKICEE R 6402
0 LMEEMEER LSV, ZOMBEE RIS S0 v L7 ) —it kP OIS B 2
BRONTWDA, 7 u BB ERERMEEOH D7 0 b7 ) —MikBIZBERESNTE
53, BETRHIESZ o A G/ Y OWERC S10, 7 ¥ OBt L1285 5 6 i v AbE
Yy DAERINH 2 e STV B 812

Ca0-Cr,0, R FIZAERK T 5 6 i v MMEEWIL, Cr,0, & F &DS 50mol%LL = Tid 1073K LA
T, 50mol%LA FCid 776°CLL T C CaCr0, & LTCHAERTAZ ENAbNATWDE B9 —%)
Ca0-Cry0,~A1,0; R FITEKT D 6 iz = HLEMIT, 1100°CLLTF Tid CaCr0,, 1100°CEL
1T Ca,AlCr0, A L, CaAlCr 1 EEABEMAMPICHFELTNDE I ENRBIN T
2 9, F72, CaAlCrO,iE CaCr0, £ 0 bK~DEHMEAE L, BELEMETH S sppm DL E
DiREZRHDD, RHBICE > THRAIZENT 579, CaCr0, £V HBREEAFR DK XV 6 i
sabfbbmlEx s ",

EBICHER SN TV D ALy Cr,0, ROMT KM EEEST D L, [MELed 6 Mirosbs
PITIEHE DO E VY CaCr0, EIEH DKV Ca,AlCr0, THDHEEbND, ZNETEHELIL,
Ca0-Cr,0,-A1,0, B2 T 5 6 i o 2MEAEW D LRI L OWMAN L 5 6 iy v sbE&H D4
AR DWW THFZE &2 AT o 72555, V,0, 1% Si0, & FARIZ, 6 {7 v 2 {bE Y O ERIH o hH
MIEFITE N E R LN LI 9%,

SiO, M TIX 67 v MEEMDOERMBINFTIETH B0, BMENS 25 LIREE, Kt
SMEEER LT, MEECKRTEZIIEEITAEENLH D, NABROHEMEIEL 8b
TllE, EEREDEENSEDZ LMY, 6 My u{bEWE TR S TRREANIC
DIRM B, Si0, & [FEE72 6 i v MMEA W O A& RINHIZN T & £ V,0, DRI X Y i k4 Ot
BUERM ET 57 61, AL, Cr,0, R AMOERIZL 2REAWEIRH TESELE26ND,
L2 L, A1,0,-Cry0, 52 AV A DS DA RAF T V0, IRINI D EEIZ DWW T D FEM R BB 1T 7220,
Z ZTCARWIETIE, AL, Cry0; RAVADHEL 2 AW T, AR I ORERREZD 6 il 7 o A
DEHEIZB IIET V0, RMOERIZONWTH LM T EHZ L& Lz,

2 ERBHE

&1 ICEEEIEEZRT, V,0, DIRINEZ 3massh& L, B EHIITERME L O 3masshd
SiO, Z ML= HE 2 Az, & 1 ICRTRAEE TIEAL, 150MPa © 1 BEIC XY 25X
25x120mm \ZFKJE L7z, 1500°C, 1 BERE, KRG THER L7z, BERLTE O A M E O REMSIL
RIrur el T A AT ZEICIOREL, BERE OIEWARO R E TR X BEHTE
(CuKouft) & AV 7=,
REABRITEFRYERIF TERT 227 ZHKIZE C/S=1.32(Ca0 : 41.0, Si0,:31.2,
A1,0,:25. 4, Na,0:2. 4massh) DAKA T 7% AT, 1500CT, 2B L5 HEIT-7-, #ERET
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% OB G T RE DI OB (LB L Ot RO M % SEM-EDS IC L W BE L, £7-, BAR
REDOFRBHZOWTIE, BHETIZB T 2R RERES RIEICHEE L,

6 iz v ADFEHRBRIZIE, AT/ ~ORBEHBLOKUEREE»SH 7 7 L, 45un
LIFE T L7oim &2 v 7z, 303, BRI T 10 Z0REAKPICHdi s, 6 B, ek
BE Lz, BEBRIEL, AT I70 74 0E—%R0THE#E Lz, MERKZ, EK 2nl ~
0.0Imol-L'-H,S0,¥& % % 2.5ml BLX RS T ==L B ANY R/ZEENK/ T N IBEEK 2nl %
TNENMA, ZES0mL IZRD LI ICEBKEZRICMA THE L, P72 =L AR Y R (F
L— }) THREICHEIE L MEEIE D 540n0m ORI 0T DR 255 3 THRIE L, Z Ofs 5
OB kg l2xF T2 6 i o AEHE (ng) #EH L7z,

3 HR-EFER

RVICHEMAZEO RNTRILEE R, BRSO RTRALRIT 22-23. 5% %7 L, Aoz
20 T Thote, 2L, WMEMEDEWVWICEZ AKILBOEEITIZITER TR LE LD
na,

B 1 ICBERE DOFREHI T 2K X BREIHT 2R, V,0, BRI T, Cr,0, ®EIFTE— 2 Ofir
BN S10, I & LR U T ALO, OEHFE—ZIZHEIE L TWAZ ENbhot, T E
D, Vo0, TRANTIE, ALOs 12 Cry0; BWEEL TV D R &N D Fiz, V,0, IATIE Na, V,0,
A Stz UL, IRILZ V,0, & FETH D ER T LI F (AL,0, & NaAl,,0,,) 3D Na,0
EDRISERD & BB, V,0, BN TIE AL0,-Cr,0, EVEK TS L U Na, V0, o WAERK LTV D =
Lo, REREORIGERETI2HENDILEEZOND,

2 \ZBERE DA A DTREND SEM %2 =4, V,0, IRINTIE ALO, B A D 3 [ 12 i 8 S L8
SN, EERMB LU SIo BN TIIBE SN o7-, SEMETRONIZE WS LV ZEHIC
BEtT 272 DI EEMGRE & V0, IRINCDOWTEDS I L A LE~Y v B IO E{To7, B3
BLUOEAICEORRETRT, EIRMTIZ AL & Cr ZMEBNCEEL TWADIZH L, V0,5
TIIEMER@EIZAL & Cr BWEFL TV ABEENHERINZ, XV, £fd XRD OFERTH
% AL05 1T Cry0y A EEE L TV A EATIEMRI S L OVEMEIm TH VD, V,0, DIRINIE, AL, KI~D
Cr,0, DEEZRET DHEND D EE XD, V0, 27F T ALO, ~D Cr,0, D EIEAEHE L 7= F

Table 1 Chemical composition and apparent porosity of the A|203-Cr203 bricks

Sample a b c
Al,O4(< 2 mm) 80 80 80
Cr,04(< 45 um) 20 20 20
Composition|SiO, (< 75 um) ex.3
T T R B T
V203 (< 75 um) ex.3
0.2 mass%-CMC ex.5 ex.5 ex.5
Apparent porosity / % 2+3d52 2+3(524 230'24
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L LT, NaAl,0,; (BLTFpB-ALO; & 529)

DREBNEE LTHEY, UFOLS A it A
BRI = > T TR 8 5, "0 112 opmimen,

B_Alzos &j:, @%%KKI@I 753@ < . 1823K 400 b O SiO,(Cristobalite)
AT 2> B o-AL0, ~fRx IR % it 0
IR E L TWA R, V,0, 2NETE 200 |
4% & 873K FRE ORIRE 2 5 AL, (o e ® o g lam
FA NI R 1T 725 2 BTSN 1500 |
THEY, V0, FINCIRHZELDHML 2 . .
ETREME DS B B 2, Rl ko TR § 1000 f "
5 AL, IMBEXRMEEZES, T > 1
WK 1200 Bl B b BEEEW 5 T ﬂ oo S
L7275 B o-Al0y ~ & FHEER 42 Z = o =2 I o Jkes s JJ\J
LR TS, ZhED, V0, iR 1500 F . a) Alp04-Crp04
INZ & v 43 S 7= p-A1,0, &, 1200K 1000 k .
%% Toakl~EB LT 5 TR AN B 0 |
WEBEbND, —F, V.0, MBI s00 |
TIiE, poaDHER E L - TREE T s | .
%, V,0,+0,—V,0, % 2Cr,0,(cr)+30,— o b=t
4Cr0, (g) D M+ 53 AT T 5 7= DB 0 20 30 40 50 60 70
FEHEMMET Lo 2 L 2R S R 2017

Bo SNMBEBES S & MRINTSI0,  Fig 1 XRD patterns of the Al05-Cr,0; bricks
IRICH, Bﬁaiﬁ%#?’i 0 AT L7z after heating at 1500 °C for 1 h in an Air.
Do T=DWZH L, V,0, WINTIE LAY

-Cr,04-Si0, |

| ) ALOS-Cr, 04V,

0 |

S LA R A Rl

Fig.2 Microstructures of the A1203-Cr203 bricks after heating at 1500 °C for 1 h in an Air.
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150KV 540 200ym s—s SEEERH

s

RoV,0, | X
: i{!Jazf.-a | .

Fig.4 EDS images of the A1203-Cr203—v203 brick after heating at 1500 °C for 1 h in an Air.

IKIRAEIL CORRB N EST L, B REOBEE K% Cro, H A Tl o 7= AT REME MR B 5 , BLEF A T,
INLOEZRERIMEIEIIEON TR 0nR, Bk 2HEE b, 5% B4 ERZ LV,
SBIZRBEIOMUERREZTRT, ARBETEH, [UEREHSRBTEELTBIRKFEZD
JREBEEEICBIT DR RBREI 27 LTV 5, RIERERH 2 KM TOREIR S X, V,0, IRIN<S10,
EINERIMOIET/NE L 7o TR Y, BEIERE 5 BER TIE, V,0, IS0, B=HEsmoligic
INEL TpoTr, WTNOEREIZBWTY, V0, IINTOEBEIITERMED /A0 &5
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B, Al0,~Cr,0, BRI AKM~ V,0, ZHNMT 5 Z & TWEMENA ETHZ EBNREINT, £,
SIO,IRME LR L Th, VO, WM CTREFLRERNPELNTWAZ Ehb, ZOFRILSI0, LY
LbEWEE XD, V0,28 Si0, LV HbENTZEHRNFI THHEBIZ OV THBENOHRT L &

L7,

6 |ZIRIERFRD 5
IKF [ 1% DR B A 55
D SEMBERT, &
AEHIIBE LTV D
RELT, 41 X
OB 6 Z 4 5 &,
RERBRZ OEMIX
RIEMBN/NEL 2o T
WABZ EDRbhrol,
kv, BSiZ
TIEBRESIZIZEM
TH D AlL0, DI
EbREEELE
LM ENhE,— 7,
KRB TOEW L
LT, ALO,B#f & A
FITERRG LT &
Bhha@&Emn, &
ik L O Sio, Ik
MTIEEL, V,0,
MTEADZRNE DI
BEINnE, hAn
BELERAT T EDK
JE AR BRI B
TWIZET Y B
T EIT > 17,

1-9 |2 BRI
5 K% D& RED
EDS B %/R7, IR
e Sio, dhn T,
2T TICDHREEN
% Ca [ HEMD
Y ARG R A
BLTWin, V,0,
wINTIE, = hU
7 2RISR L
TWey, ZDATY
BRAOZEIZ, B 10
IR EEERTOE
BRER S L0 AR

322

7 2h

Corrosion depth / mm
__ s \‘\‘\w
%§w§§§v§§

A\

> &\\\\\\\\\\\\

a

ALO4Cr,0s  AlbO3-Cr05-Si0,  AlOys-Cry05-V,0,

Fig.5 Result of slag test.

|2) ALO;Cr0; P T
._...._.;...TT‘FTA.‘_..—\ ‘i

gy T [A0:C60580, | o
ﬂg‘&g < 'r‘-:":;"«»;";.}:f Lo . 3 7 * X

™3

| ¢) AL,Oy-Cr,04-V,0, | ez |

o

| inside {3
N
v A L

500 pm

Fig.6 Microstructures of the Al,03-Cr,0O3 bricks after slag test.
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i NS e Rk

NI AN

Fig.7 EDS images of the Al,03-Cr,0; brick after slag test.

b) Al,O5-Cr,04-Si0, | &

e

Fig.8 EDS images of the A[zOg;Crzbg-SiOQ bricks after slag te'ét.
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6) ALO-Cry05- V50,

Fig.10 EDS images of the Al,03-Cr,03 bricks after slag test.
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Fig.11 Amount of Cr®* elution of the Al,03-Cr,05 bricks after slag test.
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Reaction Behavior of Synthesized MgB, in CO Atmosphere at High Temperature
Hiroaki TANAKA, Yasuhiro HOSHIYAMA, Shigeyuki TAKANAGA
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