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Effect of the Use of SiC-Added Fireclay Brick on Oxide
Inclusions in the Bottom-Teeming Ingot

Synopsis:

Hiroshi NAGAYAMA

In order to reduce the oxide inclusions originated from casting—pit refractories in case of bottom—teeming
ingots, SiC—added fireclay brick was used instead of usual fireclay brick as casting—pit refractories.

_ The effect of the use of these bricks on oxide inclusions was studied comparatively.
of runner brick was investigated by the same method.

The results were summarized as follows:

Moreover, the effect

1. It was recognized that the content of CaO and SiO, in oxide inclusions, the number of macroscopic
. inclusions appeared on the ingot surface were decreased by using SiC—added fireclay brick.
2. It was observed that effect of the runner brick on oxide incluions should not be neglected.
‘ (Recieved May 8, 1970)
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Table 1. Physical properties of brick specimens.
T Item | Water Apparent | Bulk . Crushing Shrinkage by
\ absorption | specific specific Poro(s;/tg strength reheating (%)
Brick specimen (%) | gravity gravity 9/ | (kg/cm?) | (1400°Cx 2hr)
Ladle Pyrophyllite 88 2-55 2:08 18-3 242 +1-40
brick SiC-added pyrophyllite 78 2-56 2'13 166 606 +0-10
Sleeve | Pyrophyllitye 11-1 2-56 197 22'9 235 +1-39
brick SiC-added pyrophyllite 12-7 2-60 1:96 24-8 520 —0-40
Nozzle | Fire clay 9-6 2-47 2:00 | 19-2 550 To8e
brick SiC-added fire clay 9-3 2-83 2:24 20°8 650 (1 500°C x 2hr)
Runner | Pyrophyllite 11-8 2-53 1-95 22:9 325 +0-41
brick SiC-added pyrophyllite 12-2 2-59 197 24-1 520 +0-92
Table 2. Chemical composition of brick specimens(2).
Component
Si02 AlgOg Fcan CaO MgO SiC Sum.
Brick specimen
Ladle Pyrophyllite 74-44 22-48 2:72 0:70 0-20 — 100 54
brick SiC-added pyrophyllite 61-66 16-29 2:76 1-08 2-13 16-55 100- 47
Sleeve Pyrophyllite 71-60 25-20 195 1-22 tr. — 99-97
brick SiC-added pyrophyllite 65-34 19-28 1-97 tr. 1-55 12-42 100- 56
Nozzle | Fire clay 68-40 29-33 1-37 1-23 tr. — 100-33
brick SiC-added fire clay 4260 28-63 2-37 tr. 175 25-64 100-99
Runner | Pyrophyllite 72-32 24-65 1-95 0-68 tr. — 99-60
brick SiC-added pyrophyllite 61-23 12-64 3-16 tr. 1-16 18-21 9640
Table 3. Result of X-ray diffraction analysis of brick specimens.
Mineral phase
a-quartz a-cristobalite | 3A1,0;-2Si0, a-Al,O3 a-SiC
Brick specimen
Ladle Pyrophyllite + ++ + 4+ ++ tr.
brick Si1C-added pyrophyllite ++ +++ + ++
Sleeve Pyrophyllite +++ + —+ tr.
brick SiC-added pyrophyllite +++ + -+ + +
Nozzle | Fire clay + +++ ++
brick SiC-added fireclay +++ ++ +++
Runner | Pyrophyllite + 4+ ++ +
brick Si1C-added pyrophyllite +++ +++ + ++
+ 4+ 4+ Strong + + Medium 4+ Weak
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Fig. 1. Results of spalling test of brick specimens.
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Table 4. Steelmaking condition on steel specimens in case of using SiC-added brick.
Hearth Tapping Ladle Casting
. . temp. T
. . Dolomite clinker Added Al Used Killing . .
Used time for repair ( kg/t) °C) (kg/t) time time ( min) Time(min) | Temp. (°C )
35~59 I1~15 (4~7)* |1600~1640| 0'2~0-4 1~5 300" ~6'00"" | 1'30''~2'00"" | 1 580~1 610

* Magnesia clinker for repair in case of steel specimen 1~3
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Table 5. Steelmaking condition of steel specimens in case of using pyrophyllite and fireclay brick.
Heart ‘ Tapping Ladle Casting
Dolomite clinker | 0P Added Al | Used Killi
1 11111 . .
Used time for repair(kg/t) e (kg /O time - time( n%in) Time( min) | Temp.(°C)
7~50 12~23 (0~10)* |1600~1640| 0-2~0'4 | 1~10 |300"~6'00" | 140" ~2'10" | 1580~1610
* Magnesia clinker for repair in case of steel specimen 1~2
Cuvh, YrEy VEBEEZERLHETKET SR
BRAREGRSRO BN E R L. lods Sy 1 T = ,
2 50+ Pyrophyilite /
750kg TH 5. > _ brick o
2-1-3 2 ) — THRE OB BRI H® % a0l !
o
& D ARNEOK IO R R R BT By, &h< 2 v /
PRI DV TRS L OBRRZEET S & LB0EE e VA
“— . 7/
LW2s, ThbOEMRREIESEED DR Y — ThH ° < o
HICOWTHET 52 2L, ABROMIIC >V T/ 5 %O el A
p . o
BRI 1 B EELHLRE Kb g Ll o0 SiC added
e N P hyilite
2.1-4 EB Sk g , Poren
AT Y, Ah b, BEXWZEEE R X CHEER A thORR a L L
X h AN z N 2L R Xf/7 - N s
{EMRNEWT OV TOILESHT ’ WRIEHT s X UNBATM Basicity of fapping slag (Ca0/sio,)
BT BRI IO R L A LR CH 5. Fie. 3. C i f decreasing ratio of slag
e il £ 628 e 3 o \ 1ig. 3. Comparison of de 1 1
(1) SEABMEEILS S £ OTHREERIE basicity by teeming into ladle.
SeHl D& O OTEEL, hRER X OCEHOE—EL _
BICOWT, =AY —ffE%e — L 23 —FiLXy, >
e s . - & 20} *~<l Pyrophyllite 7
JIS EEHET LD CHRER 450 mm? NOANFED 2 ~x brick /
EHE, £ 100, M EoNEO@EEkds L LD > . !
_ Q \
i, ESMNEDC OV CEMESEE 2T, < 5T N /
(2) WMEE 5 . N /
BN TR OMM Ic oV, BEE GERES) XD g 1o AN NS
1800A, 200V i CREMERE# {17 D7c. : NN 2
2.9 @ o s ks
%ﬁﬁ%\ N 2 st ;\\ﬁéff“\\w/(’o
2:2-1 L ORFEPEBAT THROLEL - o——0 sic-oadded
Fig. 3 WEOIRBWMILLD 25 D IgEE (CaO/ § . ‘ . pyrophylite brick
SiO;) DETEEZHHL BRETRL 2. 2 3 4 S 6

Step number of sleeve brick

Fig. 4. Comparison of erosion resistance on sleeve
brick.

ek & D _EHAMRC K 525 7 OmEE o2t

— 108 —



TEAROBRILWFRAEDTH T 2 KEARRERAORE

109

Table 6. Comparison of mineral composition of altered refractories.
Mineral phase [2Ca0-[{CaO- |3Ca0-[3Ca0:|CaO-
| L S0 i his et [AnOREeOtacleeo: fe: [ Calvseo
Brick specimen Si0, [258i0, |{CaF, |28i0, 2810, 2 2 e (e | B2
Pyrophyllite ++ ++ '
Ladle | §ic added pyrophyllite o+
Pyrophyllite + + +
Sleeve |SiC-added pyrophyllite(1) ++ + + ++ 4+
4 (2) ++ + +
Fire clay +4+ | + +
Nozzle | SiC-added fireclay (1) ++ + |[+++ + +
” (2) |+++ ++ 1+ -
Graphite* +4+ | + ++ | + | +
Stopper B A S +
” (2) [+++
Pyrophyllite ) ++ ++ ] +
Runner [SiC-added pyrophyllite{1) tr.
v (2) tr.

* In case of using pyrophyllite and fiireclay brick except stopper brick.

** In case of using SiC-added fire clay brick except stopper brick.
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Table 7. Chemical composition of ingot scums(%) .
Chﬁ,gge I‘Iifﬁ“ Position Si0, AlLO, FeO MnO CaO MgO Sum.
1 Middle 42-71 10-14 8-01 24-81 14-40 tr. 10007
1 4 Middle 77-23 14-06 2-75 2-44 3-72 tr. 10020
7 Middle 47-26 6-80 5-03 38-81 2-09 tr. 99-99
15 Bottom 41-05 32-95 2-60 14-33 1-76 6-90 99-59
1 Bottom 51-55 18-48 4-57 22-10 1-65 0-64 98-99
9 Bottom 53-01 21-52 6-75 1-21 18-32 tr. 10081
2 13 Middle 54-51 30-00 3-01 10-31 2-31 tr. 10014
Bottom 55-72 23-81 1-63 2-17 8-88 tr. 92:21%
15 Top 4213 31-47 4-80 4-26 17-38 tr. 100° 04
Bottom 41°25 18°04 4-60 34-91 1-02 tr. 9982
* Loss on ignition 7°62% is not included.
-Table 8. Result of X-ray diffraction analysis of ingot scums.
CaO- |3Ca0O- .
Charge | Ingot . 3Ca0. - MgO:|FeO: BAl,Osla- Mno: |a- a-crist—- .~ |Gra-
No | No | Position 541,0, 12eGu| 23102+ 1410, |ALO, [-25i0,/AL0, [SiO; |quartzjobalite SIC | ohite
102 Can
1 | Middle +
1 4 Middle + tr. + 4+ 4| ++ +
7 | Middle ) ++ | +
15 | Bottom + + +4 | +4+
1 Bottom + +
9 | Bottom tr. ++
) 13 | Middle + + +
Bottom tr. + ++
15 | Top + | ++ +
Bottom ++
FHBBEDOLND. INOOMERE, BB X5, RE hiclisrb, —ROv VEEREZEA L BRI
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Table 9. Chemical analysis of oxide inclusions (X 10-%95).
Used brick Charge No | Position Si0, Al;O4 FeO MnO CaO MgO Sum.
1 T 18 91 5 tr. 5 27 146
B 27 81 6 tr. 3 12 129
9 T 26 74 6 tr. 11 16 ég?
. B 44 115 -5 4 2 31
SiC-added 3 T 33 110 10 tr. 8 15 176
fireclay brick B 52 66 18 3 5 45 189
4 T 26 65 6 tr. 5 28 130
- B 33 91 26 4 5 19 178
5 T 26 78 8 tr. 5 40 157
B 53 84 15 5 4 41 202
1 T 51 76 7 2 9 19 164
B 48 80 4 1 13 22 168
2 T 36 gg 3 tr. 9 24 igg
. B 40 2 tr. 11 29
Fireclay 3 T 40 92 4 4 13 30 183
brick B 55 112 3 4 10 28 212
4 T 48 138 4 3 17 36 246
B 46 150 3 2 18 34 253
5 T 56 88 8 2 11 33 198
B 56 89 6 tr. 7 30 198
T: Top B: Bottom
Table 10. Result of X-ray diffraction analysis of oxide inclusions.
. : . SiO; (a-qu- 0 (a-
Used brick | Gharge No | Position | GaO-6ALO; | MgO-ALO;| 102 (a-qu f;ist%(game) a-AlLO;
1 T tr. tr.
B tr. +
_ 9 T + tr. ++
SiC-added B tr. . tr.
T + tr.
fireclay 3 B + + + + tr.
brick 4 T -+
B ++ ++
5 T + +
B -+ =+
| T + + + ++
B + + + +
9 g + + + +
; + + tr. +
Fireclay 3 T T H + M
brick B + + + + +
4 T ++ + -+ + +
B ++ ++ + + +
5 T + ++ + ++
B s + + + +
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‘Table 11. Measuring result of cleanness.
Number of inclusion Cleanness dggx 100 (%)
Used brick | CBaBE | pogition
100~200 g | 200~300 p Sulfide Oxide Sum
T 0 0 0-021 0-042 0-063
1 M g 0 0-013 0-037 g'ggg
. B 0 0-013 0-071 .
SiC-added T 0 0 0029 0-054 0-083
fireclay 3 M 0 0 0-017 0-042 0-059
brick B 0 0 0-042 0-063 0-105
(T 0 1 0-025 0-058 0-083
5 1M 0 0 0017 0-042 0-059
B 0 0 0029 0042 0-071
(T 3 1 0-050 0-082 0-132
1 1M 2 1 0-037 0-071 0-108
B 0 0 0-046 0-075 0-121
Fireclay T 3 0 0-029 0-075 0-104
brick 3 iM 2 0 0:017 0071 0-088
B 2 1 0-029 0°071 0-100
T 0 1 0-042 0071 0-113
5 {h& 0 0 0-042 0-063 0-105
B 1 0 0-029 0-071 0-100
Table 12. Result of magnetic particle test.
S Ued brick SiC-added fireclay brick Fireclay brick
Charge number Ttem Inspected number | Disqualified number | Inspected nunmber | Disqualified numder
1 15 1 16 1
2 16 2 16 1
3 16 1 16 0
4 16 0 16 0
5 16 1 16 0
6 14 0 16 0
7 16 0 16 0
3 15 1 16 1
9 15 0 16 1
10 ’ 15 0 16 0
11 15 0 16 0
12 12 0 16 1
13 13 0 16 1
14 15 0 16 0
15 15 0 16 1

€y MAREEZERLZEBE SISERERTH YD, 7wk
FACRANPEAETLIHEBRIEROLIONEEHEZL L TE
v, EEERNMERIRR I B LRITHECHEEL
TWwa. ThOHOERBIERMEDT, RAEFIKERIED R
PR AVEWME BFELT W5iFs, Table 9 3 X U ELR
iz HE LIz X 5, FeO, MnO 7 FOLEH B KL,
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~Table 13. Steelmaking condition of steel specimens,
Hearth Tapping Ladle ~ Casting
- : temp. o
. Dolomite clinker , Added Al . Killing - . o
Used time for repair( kg /t) °G) (kg/t) Used time time ( min) Time(min) | Temp.(°C)
~ 100! ~ ! —~
437492 8~28 1610~ | 0-2~0'3 4~41 HO0U | Mo | 1590~1600
_Table 14. Chemical analysis of oxide inclusions (X 10-495) .
Charge | Position | Used brick | $i0, | ALO; | FeO MnO CaO MgO Sum.
{SiC—added 21 85 4 tr. 5 14 129
1 Pyrophyllite 30 98 8 tr. 5 25 166
B 1 {,S,i,G,—,gddcd 22 95 8 4 2 16 147
pyrophyllite 31 100 11 3 5 24 174
{SiG—added 14 96 4 tr 8 9 131
9 Pyrophyllite 57 137 11 4 9 16 234
B {SiC—added 16 91 4 3 6 14 134
Pyrophyllite 20 103 3 2 8 16 152
{SK]—added 17 93 3 tr. 7 15 135
3 Pyrophyllite 27 95 5 tr. 7 10 144
B {SiC—added 29 69 3 3 7 12 123
Pyrophyllite 58 88 6 tr. 4 17 173
Table 15. Measuring result of cleanness.
Charge Use d Position Number of inclusion Cleanness d gox400(%2)
No brick 4«980 p ?2120 v fl\%gOO u >200 | Sulfide Silicate Spinel Sum.
T 2 1 0 0 0-013 tr. 0-079 | 07092 .
SiC-added M 0 0 0 0 0-008 tr. 0-033 | 0-041
4 B 0 0 0 0 0-017 tr. 0-037 0054
T 1 1 1 2 0045 | 003 | 0-038 | 0-107
Pyrophyllite M 2 1 1 1 0-008 0029 0-040 0:077
B 1 1 1 1 0-012 0°036 0-029 0:077
.T 2 1 0 1 0-017 0°013 0-071 -{ 0101 -
SiC-added M 3 0 0 0 0-013 0°042 0-029 0:084 |
B 1 0 0 0 0-008 0-008 0-037 0-053 -
5 -
) T 2 2 0 0 0-008 0-037 0-021 0-066
Pyrophyllite M 3 1 S| 1 -0-025 0-025 0054 0-104
B 1 1 1 1 0-008 0-023 0-042 0-073

RCREGHRRL : LEEROFLIIREE Lo v RHE L
FREI, Bl EHEERES 1~8), F2E8 (@Al
2 9~16) RV, MEES 1 B IU9 UM
P&z, Table 13 B SREGHTEO RPE%
ELDCRLE. ‘ :
B NEDCOVCTOTE FERRTR 0Es VTH
5 : )
3.2 REHER

3:2:1 B{LWRAEWOMK

Table 14 CBEER S X OER X vt L7-E b

FAEMOILESTREREZR LI
NEHBD Si0., AlLO; ORFIKHBEHRERDE
LSRRPRLEER TR LTV BN, TOMDEKGICDWTIX
FLAEERDSED LR, i EMRBETOWT
LK HHERSRLN, REERRERI X VAR
B EMED BN 7B Th SORNTEWMOGIHKIT
I & A EEEPRD LN D ‘

3-2.2 EEBEMEHES IUERE .
Table 15 Z5Hl 9 £ O MR IC I I % SrERHEHH
REICES 0p D EOAEMEROBEHRZ, =
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VAEEMLEROSGE L R URL 2.

40 p DL EONEWMEHT, HRCSWTIIZELALE
REPBEBD LN VDS, PEkE X TESRCH N TE» D
KREBENRON, REBEBLERI X VERT 5 EW
DBERD Bz, &L 100 g DL B KBIMNEmIT-DWT
V3, ZOEMPEZFCRD O, BHRECRVTH,
REBERERORET, HBIERONEDHERT 3
T EMED B, BEHEO R DWT i ko & %
— Y B, ERCKT RGO ZOEESRD
Lhs. LU ENEDNS XX R vRNED
COWTHEBESRD LA VIZDIL, HHE=ESHE
COVTIRERL LD SNAVERERLTWS.
T ERTAMESESERT, IR EFERETHD, i
ZRIR LN, DT.

4. BR O®

41 ERAWAPOBELHAPEEANTEDAOEE
e < DIFRITHE SN TVWBHID™ X 50, —fiF
WREEFRLE, v ARI0 Yy y MNABIICHL
A2 7B ICHEICHST 2R/ T, 2K~
YT ADBNT ESMBLR TV, FOREIXSICO
FEEE, BRLELR E0E» i, BEOREH & LTOE
oMK, REHR, BRFELEOERIC I >TET
LIFILOMME, BEDER E02ER, S CEHIEA
TEHENZNOEELRZT, P OVERTLI EpEL
s . ARRCHER L REEHERE, 27 7l
Ty ThcBRIEZ R L0, EECL Tida v
BHERELERENRL, £2RE L TR Y EEHFEL L DR
RERBPNZICEEOCLDTH 2R, L UikmER
BOSMmMRCE VT, v 7ARICY v v MEKR
ROEERB B 57z CaO-MgO-28i0,2Ca0-Al,O,
<2810, 747, CaO/Si0; DV 3Ca0-MgO-2
Si0;, 3Ca0-28i0,-CaF; /x EMB4ARK L TV 5 DHFRD
b, Fv vAERBICY v Ey MEBEOZLERB I
BEAERLNE W 2MnO-Si0; DFHENSRD LN,
BRIV Yy ®y VEBEROEBEAICHKL, 255k
BOBMAREL LD TWH I EBRHETES. Lo
CTAH LT B NWTD, MAWEBEBREITRS S
EORSAERME BB % Ca0-ALO3-Si0;, MnO-
8i0; ROGWMIBNRAIR L2 THY, i MgO &
BEIMERLTWEZ 0, PLPCHEMCIBRT
TILBORAEI LD TWH ERD L ENTES.
UL 2B aDfRiCiE, BRo X5k SiC offf,
Si0:/ALO; MREEGERLIGAEILTWSHZ &, a-
quartz OEIOV ) B RGWHA R BETRDD o 2 &k

el
-

Enb, BAL»T REHGERLO BAL ZEXbNRD
LOMBRLNS. FOEMTOHMBTIEBERDTHS
a~cristobalite Z 07 KB D a-quartz 5705 H D,
BOPICEBEA by OB LRLNRD DO E
PSFLD L, FEPLAROKEICGEVIRRLIC 1T B it k4D
DWELERD, TDEE, DEVRAITIRELGEEL
THMPITREAT B L ENEETES.

B LR IT OV T, B0 X 5 WREEAHE
DA Z FLBORI SIS BRE 72T, BRI X 2T
EEMPITRAT 5 A 7 5 RGBS BT, HBRELL
72 s 7ikEn CaO/S8i0; o Y AHEMELOBEE LD
BV, BN E/NSLTHLEBEL BN
Hriickh, ovAREHLEROSESCL Cao,
SiO; I EDEHESERL, Lis> TKBNEBDH
BHT50:EZLNS. S LUREEFRLIZ Y
FH, Y+ &y MEABRICHL, —RICEZERSENC
ERHBNTED, LARDTHEIEREITHT 2IEMD
BEBETHR2LRENEZZLNS. ZOZ LENED
OF LMWL THEBEREZ RS IIET EEL LN,
REBROER,LLTH &, AMEEARORATIIEE
ALBROBE WAL I NVDEF B OWTHELTALS
L, vvA, YvEy MVAFLEBEALCEES LIZER
BETHY, ThOLORBIILE/NIWT EBBET
x5.

4-2 BItPRNEDCHIT I BEHEEMEORE

BRO X 5w, HEREERT e D REMTICHEL
A5 T BRI T ChTwb s, Eimics LT
BV BpEBWEETASEERIR SR Aok, F
AR T EFED e D REHERE T LT Sk
RERLEZCSPPbbT, A0 LORITEO < 8
KOS B ERD B, L OFERRSEYIAED S5 EER O
O EREELRRZILL TV 58 EMRBETE
72

—FHBBEERIC 2V T DR D EbeRBoRER, Bk
WMAENED D Si0,;, ALO; WK EDEARIC OV
W BRERBSRD LN, REEBEELZEALBEIT
1, oo RREEAOBE X0 BEEL, ILTELD
FNEDBEICOVWTHWL SERT 5 2 &8 55
Thots. TR X 5 KEEOBRIEE, 28
— ) USIERFA Y OZRETRERATS dDEEZ BN
5. BibifEoh o CaO, MgO kD& FHEN,
BEBLOMEBEDOEITLDIE LAY 2B BRoh
25, THRZHhOLDESH, XI5 H5WEE HEH
KD R S SLBOR, B TREET5L0T
B0, BEPGEBICEETSURCIBALLZDDOLE

— 114 —



THMAROBLMENEDIN T IREERLEROZE 115

BB DT, REBROEMHT IV TOREERLMEIC
EREWERLNDPLTHS.

AL BN EDOILES BRI ST 5 &, BERE
MBEOEEIFHRD X 5 BRI ES 0 783, 40 2 LA
E, &L 100y LA EOKBINIEE OB DV TITEA
L ERRLN, REEMRERCIVERRTC L
DBERD L. ZEGREOCRIERGRICALOND XS
i, kMO rEE, < ECRE RT % EBIE RAED
5, 0V EEBEEROBAIH ULERT 5 2 & iR
TEHEHIDLEFZLN, BERLOHITOWTHI XD
R, WMAR—Y v FVEOREBRE N EHPHE
TE5. LRBWROEALRRIC, 2 €2 VENEDD
EXOWTRERBRDONGE WA, BRI bR~ 7
X5, —RITACRVRNEDE, HERERNTED L
BELADTCRENED TS DHEREDEZ &5, &
MOMH K OVEE, BEEMNOZRICX 513, K
BT A ERA LES R, 2 OEEBIENTEYH
IR T 5 i, KEMEMCOWTHERT 2HEW%
AL DEBETED.

5. &

TSI 1 B RLIRAEND S b, AR X
PNCREAT ANEW 2SR T 5 i, REMRTER
FEMBToWT, & D RDEO kg, RO w Y
B, Vv Ev MEBEORDVICEEEHRILE LT, [
BOEBTEREEL TRV, MEDCHTLIHELZH
L7

IHWEEHRICYWT, n vEEERL S REERL
L EMFNCIR D 50, WITHERAEREZTLVW L ORE
FEELE. BoniERey o BN 5.

(1) BB, YA, Yy ey NEBEICH
L, 2357t 5B EEAERT ChTs ), XY
ZTHERECE, o VAEFELOBEICLLERMSE RSN
5 Ca0/Si0; DRLE WA T FREMIHEMPED LI,
LMo TAH LB NTD, 277 IUOVEHET K
W& DORIGERN E RSN % CaO-ALO3-Si0;, MnO-
Si0; Fis FOEMFESERT D T LD b,

(2) BREHEBERE, ovA, Yy T NEHRTCHL
L, A¥—Y U FVEHFERT S TWBDIE b phbb
T, Ah LOHRITIIREEGERLOE S R DIRAD
s hERD BN,

(3) BbWRNEMCHL T, REERRLED v

Jif]|

s vy ey VERERLL, BHRE, MAL—Y s
BRRE Wb, REARLEZERATS LIKXY,
AFErh > CaO, SiO, 7x ¥ OSHEASER L, KA
MBI L is BEMH»ERD b/

(4) BHEIBRANEMITT T 25 ER AT E DR E
PIEDREL, REESERLERC LY, ERERN
FEWHBER L, & DICKRBNFEDH BT SRR TE
[ oY =% g Wy sl

b DR, AL ORR & T Shic () AR

YFABSR DR ARG R, KR Sh - FmEHER

AR, HR—MOFERICEHOBEZERT 5.
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