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On the Behavior of Oxide Inclusions during the Steelmaking
Process of Top-Teeming High Carbon Chromium Steel

Synopsis:

Hiroshi NAGAYAMA

In order to investigate the source of oxide inclusions, variation in the composition and the micro-
scopic structure of oxide inclusions in steelmaking process of top-teeming high carbon chromium steel

were investigated.

In addition, oxide inclusions in ferrosilicon and effect of the use of low aluminium ferrosilicon on

oxide inclusions in steel were also investigated.
The results were summarized as follows.

(1) It was found that spinel (MgO-Al;O3), a main constituent mineral of oxide inclusions, was
produced by mutual reaction of deoxidation product formed by Al or aluminate inclusions in ferro-
silicon with slag particles containing MgO, when ferrosilicon was added and mixed at the end of

refining period.

(2) Increasing rate of Al,O, content in molten stecl was lowered by the use of low aluminium
ferrosilicon, as compared with the use of commercial grade ferrosilicon. It resulted in decrease of Al O

content in the molten steel before tapping and in the ingot bottom.

However, microscopic structure

and mineral composition of oxide inclusions in steel were same as in the case of the use of commer-

cial grade ferrosilicon.

(3) It was noted that macroscopic inclusions were greatly affected by Al content in ferrosilicon.
‘ ’ (Received July 31, 1970)
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Fig. 1. Variation in the content of Al insol. in

molten steel during the refining period.
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Table 2. Chemical analysis of oxide inclusions extracted from the molten steel specimens during

the steelmaking process (X 10-495).

Cr203

Sample SiO, Al,O, FeO MnO CaO MgO Sum.
Before ferro-Si 24 7 32 54 3 7 tr. 78
Before tapping 19 32 9 4 1 3 15 83
Casting period 11 28 4 tr. tr. 2 15 60
Ingot bottom 15 26 4 tr. 1 3 18 67
Before ferro-Si 23 13 27 tr. 1 10 tr, 74
Before tapping 32 38 2 tr. 3 3 26 104
Casting period 17 25 3 tr. 1 3 23 72
Ingot bottom 22 29 4 tr. 1 3 21 80

Table 3. X-ray diffraction analysis of oxide inclusions extracted from the molten steel specimens

during the steelmaking process.

Sample a-quartz| a@-cristobalite | (Mg, Fe) O-Al,O3 |(CaO-MgO-28i0; (CaO-Al;O3-25i0; | Fe,O,
Before ferro-Si tr. tr. +
Before tapping tr. ++
Casting period tr. 4+ + tr.

Ingot bottom ++ tr.

Before ferro-Si tr. T tr. +
Before tapping tr. tr, + +

Casting period tr. + 4+ tr.

Ingot bottom ++ tr.
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Photo. I. Variation of the microscopic structure of oxide inclusions during the
steelmaking process. '
Table 4. Analytical result of an oxide inclusion in the molten steel specimen during the
steelmaking process by EPMA (%) .
Sample SiO, Al,O4 FeO MnO Cr; O, TiO, CaO MgO
Before tapping 13 36 60 0-57 tr. tr. 35 7°5
Casting period 25 22 60 tr. tr. tr. 38 90
Ingot bottom 22 38 4-4 054 tr. tr. 31 12
i 2~5p T, REBREATH DD, Shrkslrict Table 5. Measuring result of cleanness of some
WCIEBRAD D DALY, PRRE CHkERE molten steel specimens (%) .
ABERE 2LTW5. OO NEEMRTF o {LEEHAL Sumole Sulfide | Spherical | ¢
vx, ferro-Si #ABKBBHC I LERARREHZ 35T, P silicate '
2 SO, DEHENEL, ALO; HEL X2 TVWHRERE Before ferro-Si | 0-013 0-021 0-034
: FeERI L, LT FeO 2 />5-4 CaO- 1 | Before tapping 0-013 0-033 0°'046
TRELERALL I R Casting period | 0°008 | 0°057 | 0-065
MgO-AlL,O3-Si0; ZDHDTH 5.
- AR I 3 I =R 7y 3 Before ferrp-Si 0013 . 0-025 0-038
Table 5T Hi$8, EHLGRIC BT 5 BEAHOERE 9 | Before tapping 0009 !  0-038 0- 044
HlEsE R AR LI Casting period 0008 | 0-067 0-075

Wk Y& — biE, ferro-Si AFIAM d 2L B Aix
<, RMBEOETCONTHEMLTE Y, HEHRELF
BoOEmEZRLTNS. .

Table 6 B HNEWD THEREHT 5 a-
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Table 6. Measuring result of X-ray half value width on the main constituent

minerals of oxide inclusions.

a-cristobalite (101) (Mg, Fe) O-Al,O,

Sample a-quartz (101)
" Before ferro-Si 15-75
Before tapping 15-75
Casting period 11-25

22:5
18-0

18-0
33-0

Table 7. Variation in the chemical composition of refining slag by addition of ferro-5i(%).

Sample Si0, Al, O, FeO MnO CaO MgO Sum.
Before ferro-Si 19-00 1-48 149 nil 55-22 14-89 9208
After ferro-Si* 18-66 1-70 1-49 nil 56°62 14-37 92-84
Before ferro-Si 18-52 143 1-12 nil 64-10 621 91-38
After ferro-Si 19-14 .2:03 1-64 nil 61-43 7:96 92-20

Table 8. Variation in the mineral composition of refining slag by addition of ferro-Si.

Sample B-2Ca0-Si0, | 7-2Ca0-SiO, CaF, MgO 3Ca0-25i0,-CaF,
. Before ferro-Si ++ ++ + -+ + +
"After ferro-Si + + + + +
Before ferro-Si +++ ++ ++ + +
After-ferro-Si + 4+ 4+ -+ 4+ + +

* After ferro-Si=Before tapping
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EBINFE NI O TEMIT B VT, e-quartz D
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EEZLND. HRINCIEA LT a-quartz {1, 15 8 e
iz 3\ T cristobalite ~DEEB DD DR L LT X
D, EENENNILAEDZE PLEMIBIIER T2
BFETHB. LichioC $HARHFHAR O AEDIT v
T, a-quartz OEMFEIVNE L L2 TWHDIE, HiEH
BIAMP IS Eh T WWic a-quartz DISNC, Fricice D
RPN EWTIRALICDDORDHZEETTIDLERD
_NETHAS. a-cristobalite oW, HERETIAHN
ROANTEMICIE L, SARFENC 3V IR EL /D
X7 oTH D, ferro-Si T X HEELEKRM THS cri-
stobalite D # 5 2L VA THNB T LEZRLTY
5. ik, ACRILOEMBDOELITDOWTIE, Photo.
Lzh Ro5N5 X5, BfsIsHariEicsLd
LDTHY, POLPTHEROECLLBIDLEEXILN
5.
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3.1 HRBICRBHZ

f3k ferro-Si ¥, A ##lix IO BHEOWHRMED
07 BUC GBI Al ferro-Si TH 5.

ferro-Si OELMOLH, ERECIEMEIIT HE
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BN NEMOEHEBE S X O EPMA K X551,
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Photo. 2 [z 5, ferro-Si rh oD 7E M D BRSSO KL
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Ao o> (Photo.2(a))iTid, 50 u BB DIEE
$HIRD a-ALOy, 20 BEOHF RO R A UHED L
5. B##lod o (Photo.2(b) itz v uordd
100, BREFMICIXINSHESLT 200k iZHETS
FERE SO TRALTERONED P SHERDL LN S.

LMY e BEOMBLLORARKEEL, BELMC

AR NVEOLODERLN, KBOIDIINALORE
ANEAETD VI 5r—rRODOLE BRSNS, Fi-
Photo.2(c) iR L 72{& Al ferro-Si hodp#Edmiy,

R v OREEETHARIKES, IV a-ALO,;
LROND BRI REGE»SE>TV 52, L0
Wbin <, RO —RBHMEO DR b X 5K
ERNMEDTE >R B XN DI,

Table 9 (Zft5 ferro-Si Fip Al Ca kXt Mg
DEREER %R Lie. '

{5 Al ferro-8i 13 Al £HRICFWCIITHIEO —&H
MHADDDD 1/5 BETHDH, Ca, Mg OEFEIX
BEAERBRTHDLENRDLNE. ZNLONEY
DNT, HEHIRE O BE ferro-Si fDAEHIT2
W EPMA T X B 5T 21T/ 275 %% Table 10 iz
RL7

Table [1 X 12 iz HF QEEHEEEDO XEEIR S
LSRR E R L

Table 9. Chemical analysis of Al, Ca, and Mg in

R g

C

(><400x1'25

ferro-Si samples , (%) .

(2), (b), Commercial grade ~ (c¢) Low Al grade Sample Al Ca Mg
.Photo. 2. Microscopic structure of ferro-Si "
samples Commercial A 1'32 014 0-05
: . Sampies. grade B 1:68 | 035 | 004
Ca XU Mg 2w li, MIBK 4% pH % 125
- 8 — 2 {k Low Al grade C 0-28 0-13 0:-03
WiFAgEL, NN Z357R%EL LT EDTA g LY Ca
Table 10. Analytical result of some oxide inclusions in ferro-Si by EMPA (%) .
Sample Si10; AL Oy FeO MnO Cr,0O4 TiO, CaO MgO
B (1) 19-4 60-0 014 tr. tr. tr. 19:5 0-46
S (2) 16:0 62-5 014 tr. tr. tr. 150 0-46
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Table 11. Results of X-ray diffraction analysis of residues extracted by HF.
Sample- a-Al, O, (Mg, Fe)O-ALO; | Al,Oy-Si0, MgO-Si0O, a-quartz a—cristobalite
A + + tr. +
B + + tr. - +
C + ++ + 4
Table 12. Chemical analysis of residues extracted by HF (95) .
Sample Si0, Al Oy FeO MnO Cr;O3 - CaO MgO
A 452 39-0 2:0 tr. tr. 79 6-3
B 37'5 465 35 tr. tr. 70 5-4
C ' ' 55-0 234 tr, tr. tr. tr. 11-7

IO —REIE D S DONFERIE CaO-MgO-Al,
03-Si0: RO DO TH Y, X OHTHIRIIEILFRED
CRohs3io k;‘{!?{LJ\L“Cb‘é@kﬁL, % Al ferro-
Si mofiEmE, Ca0 #iF: AL &%k MgO-
Al,04-8i0; FZOLOTH D, T OHFHIED —MHE
DLHDDPFE EPR VR OTWS. TRO—EHIE
@ ferro-Si AT, FHRDOXSTLR VD BED
CaO BE&EhT\V55, HF LEEKREDO X EEIRI
BT CaO EFFMAEEERD HIvipv.

ZHIZ2WVTHE, AR AEWTHS B il
ferro-Si - ONEMWIZ 2T, EPMA [T X 5245 R
b &3&, CaO-ALOy-SiO; FROEFEMIEE S L
T HF @iz 2% ZL2BELHBR LD,
CaO-Al0;-Si0; ZDHFIAE LT HETHZ LI X
H5HDEERETE /.

R HEE L.

CaO 25 -

4. BLMBNEPICHT BIE Al ferro-Si
tﬁﬁﬂ@ﬁé-’%

11 RBEE

HFC RIS 10t FEIUFERO EEERFES = 400
O, R BT, EBILEIC AT S ferro-Si
¥, TRO—FHIMED LD, 3 X UYL Al ferro-Si &
LT#& 10 9=i:~v'§">?eﬁ?€’ e, NEMITHTS
DRI R X R AT 2
LR EBDTHB.

42 RS

. Table I3 X0 14 icohth HEH, EBERICE
I BAEMDILES W 5 X X RESEERE R L.

- ferro-Si A X HATEWH ALO; D¥EHNEE, T
JED—FEHOME DA I LR Al ferro-Si OA1IE

Table 13. Chemical analysis of oxide inclusions: extracted from the molten steel specimens
' during the steelmaking process (X 10-49%).

ﬁiﬁf_gf ~ Sample 5i0; | ALO, | FeO | MnO | CrO, | GaO | MgO | Sum.
Before ferro-Si 30 10 36 3 3 7 1 90
1- Before tapping 29 35 -2 - tr. tr. 1 19 86
. Casting period 31 37 4 tr. tr. 3 20 95
‘Commer- Ingot bottom 48 36 12 tr. © - tr. 1 39 136
cial .
grade Before ferro-Si 36 13 48 4 4 3 3 111
9 Before tapping 32 30 7 tr. 1 1 14 85
Casting period 34 32 8 tr. tr. 3 15 92
Ingot bottom 74 27 7 tr. tr. 6 15 129
Before ferro-Si 33 6 42 4 2 3 1 91
1 Before tapping 29 12 5 tr. tr. 1 12 59
Casting period 30 20 2 tr. tr. 1 18 71
Low Al Ingot bottom 27 19 4 tr. tr. 1 18 69
grade Before ferro-Si 46 8 38 2 4 3. 2 103
9 Before tapping 43 12 6 tr. tr. 1 14 76
Casting period 65 23 9 tr. tr. 1 25 123
Ingot bottom 28 16 3 tr. tr. 1 21 69
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Table 14. X-ray diffraction analysis of oxide inclusions extracted from the molten
steel specimens during the steelmaking process.

) ; !
Kind of : a- i (Mg, Fe) | CaO-ALO;- Ca0O-MgO-
ferro-Si Sample QUATE | cristobalite | O-ALO, | 2Si0, > 1 250, Fe, O,
Before ferro-Si tr. tr. +
((:ligxlnmer- l Before tapping tr. ++
rade Casting period + tr. + + tr.
g Ingot bottom + + ++ tr. tr.
- Before ferro-Si tr tr. +
Low Al 1 Before tapping + =+
grade Casting period + +
Ingot bottom tr -+
Table 15. Analytical result of oxide inclusions in the molten steel specimens during the
steelmaking process by EPMA (%).
}i;fg_é’f Sample .Si0, Al Oy FeO MnO CaO MgO
Before tapping 31 12 51 tr. 30 21
Commercial Casting period 45 14 33 tr. 21 16
grade  Ingot | Crystal part 28 38 40 tr. 40 23
g Amorphous part 33 18 3-0 tr. 24 11
Before tapping 50 7'5 4-5 tr. 26 11
Low Al Casting period 43 10 1-6 tr. 29 15
grade Ingot Crystal part 38 24 45 tr. 55 27
g Amorphous part 45 14 2'5 tr. 26 12

& 1/4 BETDHH, LissoC HERRBAR £3h
LDRNHEMPD ALO; OEIELLD2TW5B. HEEkIC
BT NMEDFOERS DLEININ XL, FeO Xk
W Si0; T\ K BOEENRDOLNLEBETHS. L
FORMEDCENTD, ThODEHIKL VLRSS & D
TSP ONEMOEE L IZERNBEOCSHE LT
LT¥k b, KAl ferro-Si ZHFE L& I AHEDh D
ALO; EFEIKEY RTEEMN BDLNE. Zhb
O AFEDO X BEiERIC LEZC 2D 5h,
AlLO; SHEMITH B R LA VD ENTIRIEEHME Al
ferro-Si ZERALABESIIETLTWS. T-0vTh
@ ferro-Si DIFBITDH, & VNHLWIL & DEEH
ORI B WT SiO; EFEMNELLBEMT B 85
55, ZHSOBEITRVCHESEARDK I £ Dyl
WHELTRALEY Y #RF, BLECEFANED
ELTHREINALIDEELONS.

Photo. 3 &5 X (% Table 15 T, FhFhHE, E86
B BT 5EMb o AMEEsts L0 EPMA
KE55ERE, MRboLh & B LR LA,

wIFhd SBED FeO 2447 CaO-MgO-ALO,-
Si0; RO HDTH v, Table 13 TR L ABILIBANE

WD {LEESITEERIC L, CaO OEHHEEGH? k&L
ALO, DRRNEL EDOT W, # e ILBROETIC
ohT ALO; OEFHGBHEML, ‘ CaO p3ur < B
BT 5EmBERONS. SlbhONEDCR T SERE
#4513, CaO ML MgO, ALO; B &L > TH Y, B
DB ACANEEERETEDIDTHY, < bV v o R
#4313 CaO 23E < ALO; 222X\ CaO-MgO-Al,
03-8i0; ZDO DD ST WS, ferro-Si A DH#ER
X5 ML~ NS L, b Al
ferro-Si ZHHA LB, ALO; OEHEE ML 1
HEMB RO OENS. Zh b AFEMD HRHMSEAIHE
i, Wiho ferro-Si ZERLABEC BWTh, H
SEATIA MR DN, BT o 0 U REOHMILA
o7 28R VE SREETE TS KRV »~ ¢
T, 30~60p it RE LTV 3. &L EHIRO—fZHtE
@ ferro-Si ZFRA L7z HE&iE, MLIPITALRNVE
RONSHEIKEZET D 7~8p OFR KM S50
HLTVwa088ED 5h5. Photo. 1 & R b 85iAE
BB W T D NEWITHRALBRCER Lk, #
BAMEMIC 3T ACRIVORENZLL 10
ETELTVS5dD3H 5. KAl ferro-Si 2{FHLE
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LREREE/ e AROMMBRCET ABILDRENEDOEHITOVT : 911

In the case of Low Al grade In the case of commercial grade X400 1°25
(a), (a’) Before tapping (b), (b') Casting period (c), (c") Ingot bottom :

Photo. 3. Variation in the microscopic structure of oxide inclusions during the

steelmaking process.

HE AR — R E D ferro-Si ZER LIHE L & Al ferro-Si ORI XD, NHEMOKE XN

T, NEWOFMBEHIAEIT I ZERAERD oo X<, BEELMETHIEMNEDLND. LichH
Table 16 T i, EHMARICHIT S BWEHEH I STHHOFRRIEET 2/APELNI

sl D W TR E OBEIESE R LR L, Table 171

HuiE 3 X OB IRIESC L5 RBRL LE L R e R 5. % =

L 5.1 SEEBRICHITEIRILVRNEDOER — &<
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Table 16. Measuring result of cleanness.

Kind of Number of inclusion ‘ Cleanness (%)
- ferro-Si Sample -
40~80p | 80~1204 >120 p Sulfide Silicate Sum.
Before ferro-Si 0 0 o | o013 | o028 0-041
Commercial | Before tapping 1 1 0 i 0:013 0+038 0-051
grade Casting period | 2 0 | 0-008 0-065 0-073
Ingot bottom 1 3 2 | 0-011 0-073 0-084
Before ferro-Si 0 0 o | oo | 0.0% 0-039
Low Al bBefure wapping 1 v v (VMU 0-030 0-044
grade Casting period 1 0 0 0-007 0-035 0-042
Ingot bottom- 1 2 0 i 0-011 0-042 0-053
Table 17. Comparison of failure rate by inclusion detection and urtrasonic test.
Kind of ferro-Si ] Failure rate(%) by inclusion detection Failure rate (%) by urtrasonic test
Commerial grade | 0-84 9'6
Low Al grade | 0-24 54

C7NLIx— b RNEMOLERRRBICETZER

ATRD X 5, BEANENS X CBILMRAEDDOE
2T TN 2~ FRAEDE, BINFERNICHT 55
7, FHEGARRIC BT, ferro-Si AT S ZLic &
D, WP RE0CHNT 5 2 LB L h T Dk —
firiz, ferro-Si fiod Al V3BH 1% FHESENRTWS
2, X DO—Ex CaO-MgO-ALOs-Si0, FH 5 2FRiC
BIEENmRA R B L a-ALO; SR BN &
LTHETE. TRHDONERH DX 4 13, Table 9
WRL7c A, B =l ferro-Si 12D\ C D41k
RIEBITSE Mg 2T R_RTCACAVEHBRLTVWS O
LLTHET S &, ferro-Si hizi31F 0.3% BESH T
5T ETHD, AR ELTHESLTWVWS Al 0-11
% BELAE IS, ferro-Si o ALO; 22 ¥ L
DI, a-AlOy & XU CaO-ALOs-SIO; FRDH 5
ZMELTHET DI LMD, FIBORERIVELTOD
ALO;g %< ALO; i owvwT, Table 9 w3313 % Ca
% CaO & LT ALOy/CaO Wi, NEMTHITBE
NEHBLTHEDLE, MEMTEVTIX 3~4 THZD
L, Table 9 X W#H L CskdAEIZF T~ TH Y,
L7232 T ferro-Si iz 43 Al oD 40~709,
PEBEHD Al L LCHEETS it d. —AHED
DREWITIE, ARV ELTD ALO; KR LTYE
LD MgO »&¥hTk b, ferro-Si dhdAEHD
SHERPDPE L, X S, ZhbHo MgO i ferro-
Si FOREDIC BRTEI0LIELHV. ZhbD
MgO DR & LT, BIMFEFEHMUSCIIF L bR
7o\ 3, ferro-Si & AR OB TR NEEHIC 1T MgO 2543

LAEEENTHE LT, ferro-Si # A X IFKRIEL D
RILBRNWEARBNEZEND, TTIETLAT FHic
EFhTwi MgO AT D EEZLNS. T
b bEIMFFER, L<ICRIZIT 4T T,
LS, BRECPRMABE I T 2 5 Jdic MgO
PBIRATD. ThbHDRFITEL o ferro-Si Sy
AZH, 2K RAENRS E &L, ferro-Si L Ehickx
RENICR T THRTFE, ferro-Si R DA TEW I T OifEe
B THB SOy, ALO % & LHERGE 22 L,
27 7D CaO & D(REpIEIMES K Z v S10; 1358
RO pvowa vy — e BELED, ER
A, BHETERE, TLUE2E 2 VRGBS REE R
MR FET DL IR EDEELLNE. thbD
ARV FRHEEAMMETHD, E0F )5
WCHFEET, TOEEERPTEALNEDE LT
MIRINDEBEETES. FLINLDAR TR
NEWIEANTI PR DS SFELTES D, CaO-MgO-
Si0;, Ca0-ALO;-Si0; FDH 5 AHWHE L & L+
DLERXIBERL, THRKEMABBOHETIC DR C#L
RSN X D kR &Y, BRI BRI
ShHEBREERIC VT, RPNk X 5 20~
Wpi biETHHELDEENEZLNS. WEGE
KETDBEILWRNEDD AlO; XU MgO Lision
B4y DELI DWW, RFEDHEIZSR LRT, SiO,
AR D D\ SV T#EmL tvw 53 o
DDHH, —MRANTIIRELEIIL L, ferro-Si Az
L BBEBERME LT S0y 11, 255 L OMERRE
KX OARIBFIRE DN EWTEELES 2D, oiy
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EW & BEMT I VEEZLNS. THRKAI T
#ET 5 CaO iz oW Tid, FHFEARICOOENT 55
LhBBHN, KEHEE D AHICRNCRET ST &8
HETED. LA DTHEY 0k 5 LEXNMEDCE
FhdR5VREMIE, &0 77 EORKY
LERE LTHROCRALIZDDEEZEXLNS. Tk
bbb, ThBDOHEHIAE O RMIE &, BEHRE TIE
LAYERE LTHET D AR VT EOHEERSIC
X0, HRMMBELIERTS CaO-ALOy-SiO;, CaO-
MgO-8i0; Fig EFORMEDOREMESKEL LY, FLEL
ENTRHEINEANEDEERT D DO LERTE
5. BEBILWFENEDPO ALOy DIRRE LT,
iR X 5ic ferro-Si s AFiHLSIT EBRAT K
o ALO; BEz bh, ELLERNEMC XT5ET
WE = FRRNEWCOWCIRENSBERLEEZDNT
W35, Table 16 s X8 17 Rz X5, (& Al
ferro-Si OAERIC X D AEMH/NEL LD, EXNED
T ESRBEMERT D LD, Kiesuned®
BRTVS X 5z, ferro-Si ORI N SDHFN
HBEREN LTWD L EBEETE.

5-2 BtYRNEDCHT S ferro-Si HHOEE
BB X 5 ik Al ferro-Si 13, WHRO—AXHIME O
Lol Al EHENZE LKL, 8FT50EDD
2R NEEET, MgO-Si0, ALO,; Si0, REDY
Yy~ b2LEBBDTHS. LicpsT ferro-Si FA
X ABMRNERCE IR D ALO; SHROEME
VR ST EEEMSRD b, K Al ferro-Si Z{dH
LAt BT RO — R B 2 R L cGa o 1/4 8
EThy, LRWC HEITERTO NEDICSEND
ALO, £HED, {& Al ferro-Si ZERATHLITXD
TR 5 2 LSBT D X HEHRBHOBE
i, SEHARI B ATAHAEEORALET XS
NEWRS OB L, WP ERCEEND
ALO; &F &3, HMEBRhONEDTHITB Lh L
ERLLT WA R, & Al ferro-Si RT3 &1
Lot oNEDIcE T3 ALO, SHEL BER
THRERPEOLN. TRNEDDPICETD ALO, O
FAERREIL, ferro-Si D NEMIT 1) 5 LB
7, wWTEhO ferro-Si ZFRLIEED REA 0D
BMThs. chizovei, Kiesune 5D Hi~<Tw
5 X5, ferro-Si D7V T & — FRAEMI, BN
REMEL ferro-Si B+HICEHRLT WitWBE&IZ
WA N E B3, NEPOKES Y ferro-Si
DAIDKREZ EDLEBEM Alicd 3D LFEzxb
h, Thbd Al it X5 Bigsdiine MgO & DA

FIGHERMMA TV 2 — b RJANEROERZBEL TS
Feb LEERTES. Lo L ferro-Si iz 2 €2 VRN
EWE L= is g Al ferro-Si 2 {FR L-BE&C kT 5
HSBETIASAR ONEMIT BV TUE, REFR ML 2~3p
DEFHTH B, ferro-Si i 5~6u BED A AV
FNEWEEATY B —RAMED ferro-Si AL
AL, BB AERE BT HRAERVIE T~8p
CIXSEELTWA. LEnB2T7 VT 2~ bRAED
DIEE LT, ferro-Si DEBE Al 015, NE
MELTHAETS ALO; dFEAMELR HHDHT LH
EITED. FRANBO X 51K Al ferro-Si 2 AT
B iicxy, BMEPNEDCET S ALOyRFE R E
WEohdic, ACIVOEDEETS. X big ferro-
Si hONEMOEMEERIC DV, MEOER
X DZELUWBRBR Shizs, EMhN1EH OBRME
ML IBEE R Z RIS LT, HEEERIc oW
THRD XS LA ANDOREICERPRONSEE
ThHD. Pikk XU ONERITE VTR, EHR
BRIEKTEAIIFBICRT LUK WEERE
L omEkiE, BEE TOBBIC ST AR LY
LOERC I VEREEERECEREET D 0DIT, »»
2 5T L b HERTE A ONERIT B0 5 & FEROHER
FRABVEDEELHNS. Photo. 3R L7z & Al
ferro-Si ffif D& O PRI VT,  HIRATIASH
HBOBPE L, —RAIMEDDOEER LA
LA FRAUDBKELEDTWD. ZOEPNEDDY
LRI DWT, —RRIMEObOE HR LI HEI
Ca0-MgO -28i0,, CaO-ALO;-2Si0; 7c & CaO %
SR T IS WERBR OGN, LEdic
WD X 5 i ERITED bV, E oI —ERE
BT k1T 5 N ED O ARZE L OEEZ 2V T B ferro-Si
MEBEDERT X 5REED bR,

ferro-Si #AE 25 EXRNERIT F IFET 8T 2 C
v, Bo X 5 ik Al ferro-Si OEFERIC XD, NEW -
LD, ERNEDYRSTE L8 BDLN
72. TR OWTREIHD © X5, EANEDDOKEA
DELDDELT, NRPUTREBALLRZ FTRODD
L, BEERMICD EDACANBENRETH &
HEZ LB, & Al ferro-Si OFERIK L D A H v
OEMERT D701, AT IROBT ORI L
HDRELRT LB RHEZFELLNS. S HIT ferro-
Si hONEMIT I NT, (& Al ferro-Si OEHE VI
=, CaO-Al04-5i0,, CaO-MgO-SiO, FDH 7 2H
2 Y v P RBIFLEAEESERNDET, ThHDORF
PMEICRET HHEASNEI VI E DL O—FEIRLT
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VHLNEBETES. EANFEWO KRR Lk ok
LAMSMT, RB LD XS e RMIMEDIBADIE L D5
HLFZBNEDOT, (& Al ferro-Si OIS, BEIEH
CEANEMZERIES Z ETRBECO0WR, K
ferro-Si DA E NS DERICEA LB 2B XIET
T ERERTET.

6. %

PAE, RiEERES o f-\ﬂm\.owf, T DFGEE, EH
W BT SEE LR A M OMAR S X O SAMSENERE
DLELEFREL, 5 ferro-Si hAMEMIC DT
LFAETD L L, & Al ferro-Si ZFH LAHa0
NEMCE IFETEE T >VTHRELE. ZhboER
ZOoFITHRNXS.

(1) Efbi®k NEWO ERBREMT 5 28 FH0
V¥, ferro-Suf ARTDIEMAITILIZ & A EFE L7255,
HITHEIC B % ferro-Si HAD SV LT AL
kb, ferro-Si fhd Al 2 X BIERRERKN D B X
ferro-Si iz &b 702 R NEHE, MgO gﬁ‘
ATEASZ LD ARG XOTHERTB T &%
7o,

(2) TilRo ferro-Si dh O AHEPINE, AEHIN, a-
ALO; % ED TV E % — %41 CaO-ALO,-SIO, T
DH 7 AEMA»LKR2TH Y, BEPOBILWTINE
MR IT BB EEDL T3 Zhics LTk Al
ferro-Si TR\ TiX, WESHIZEL NFEDO Ea54 7
<, ¥ Tdn, CaO %igE A EEE7 v MgO-
Al O3-8i0; ZDHIDTH D, TONEMHELHIRLDE
HERED, VI EEEKRELTHIDOTHBEEE
Er oY sl

(3) & Al ferro-Si OfFEHIC X v, ferro-Si # Az

il

X HBEMANEMTEHTE ALO; &/ ED MR
ULET L, HSRHEss JesihoieEmcain
5 AlLO; EHHIERT BHEMBED LN, LAl
P NEMORMENERS LONEDI RIS Al
O; DFHEEAEIL, THIRD ferro-Si A LIZEE LM
HRTH Y, ferro-Si hDOAMEMZEHITEEFNE EXEE
DI T ENFRD BT,

(4) EX7NE 32— RAEDOREE LT,
ferro-Si thod Al (NMEME LT ALO; #4541 O
BIIREL, NRMCBA LIRS IR D
WIS 55, MEM & LTt Sh 5 i BEA7 Y
FRATALLESERTET.

b DiITHE%, ARRDOFEFR L T I/ (B B8
R ALBEN AR, ERiCHH Ih B
mm%5%k;u%ﬁl%ﬁ%&@%ﬁ%ﬁkﬁbfﬁ
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