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Determination of Changes of the Dissolved Oxygen Content after
Silicon Deoxidation by the Use of the Radioactive Silicon

Synopsis:

Rokuro SARAGAMI and Takashi SASAI

Changes of the dissolved oxygen content after deoxidation with 0.1 2, and 0.42 95 silicon have been
determined by fixing the oxygen as the radioactive SiO; with the radioactive silicon (silicon-31) previously
charged in the sampler and counting radioactivity of the inclusions extracted from the sample.

‘In both cases, the dissolved oxygen content decreases rapidly below the equilibrium value, and then

increases gradually to reach it.

The mechanism of the silicon deoxidation has been discussed from the viewpoint that such changes of
the dissolved oxygen is due to the non-uniform distribution of silicon formed in liquid iron immediately

after silicon addition.
The conclusions are as follows:

(1) In the regions where the silicon contents are high, SiO; (¥<2) is produced, owing to the fast rate
of reaction between silicon and oxygen, and the oxygen contents decrease to lower value than the

equilibrium one.

(2) The minimum of the dissolved oxygen attained immediately after silicon addition is regarded as a
mean oxygen content at the time when silicon and oxygen dissolved uniformly in the melt.

(3) The oxygen content increases again by the reaction SiO, (crucible) =Si+2 O and the deoxidation
processes such as growth of the deoxidation products and adhesion of them to the crucible wall are rate

controlled by this reaction.

(4) The composition of SiOx is not widely different from that of SiO,.
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Fig. 1. Sampler in which radioactive silicon is
previously charged.
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Fig. 2. Changes of oxygen, silicon and [% Si]-
[% O]2 with holding time after electro-
lytic iron being melted in silica crucible.
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Table 1.
analysis of extracted residues.

Comparison of the oxygen content obtained by gas analysis with that by chemical

Method Gas analysis

Chemical analysis of extracted residues

(Ar carrier)
Time

H,SO,(1+9)

I,-alcohol I,-ester

Oxygen ( min)

1 3 15

1

3 15 1 3 15 1 3 15

Oxygen* combined as SiO,
o,

(%)

0.043

0.029] 0.017| 0.044{ 0.029 0.018( 0.041| 0.030| 0.017

Total oxygen (25)

0.043| 0.030] 0.018| 0.043

0.029| 0.017| 0.044{ 0.029] 0.018] 0.041{ 0.030[ 0.017

* Oxygen combined as FeO is trace.
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Fig. 3. Changes of radioactivity of inclusion with
time.
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Fig. 6. Change of the dissolved oxygen content after

6007 T T 0.1 94 silicon addition. Effect of the charged
500& 1600°C Si 071°% amounts of radioactive silicon is also shown.
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0.1 94 silicon addition. Effect of the solutions

used for dissolution of sample is also shown. Fig. 7. Change of the dissolved oxygen content after

0.42 9, silicon addition.
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Fig. 8a. Changes of the solubility product [95 Si;] -
[9 O,]2 after 0.1 94 silicon addition.
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Fig. 8b. Changes of the solubility product [25 Si,] -
[260:]12 after 0.42 9 silicon addition.
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Fig. 9. Change of the dissolved oxygen content after
0.1 ¢4 silicon addition into molten iron melt-
ed in alumina and magnesia crucibles.

400
[ . T T
°. 1600°C Si 036°%
300|e 4
\ quasi-static mel{
)
Total Disolved o *c .
200 ° oxygen oxygen o Si
. 'g \ ° . ~-018
=%
o
&
o100 N
x L o
O 80 /.’—:_\-\e
60 \.\ .
S
400 8 16 24 32

Time (min)
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FEORMEFHECEELTVWBZ L2 WE>TW 5.

* EEAFCRRIICER U Si0; 1, R@LicY, H—FHOREIR
EAETDR - BETHLEALNS.

TEFEFPETTS LIRS v, HESKRERNFOR
LDHZ I OTTebhs L33 &, MEBREELFRK
FHEEICBLET S 2 L RBIHRARETH 5.

DT ERFEER X 5B, HBE~ONED
OFNER L DRBEEZEETELEDD 5 & &2 HBIICTR
LT3, BREGERE & IBRBEOBISEECEET 5
Zehh, HEBECKT 5HBEIARDL SitEbLTO
NEHEE)TH 5 5 **-,

Si0; 4+ (2— £ ) O =S8iOz ++reerrevrenirnrnnnenncnn (9)
(NRIJEDHEO(7)R LA, (751 Si0x o
BEANOBHMRERCI>TRILDOTIEEL, 0B
BT HBMENPES LTk, HHIBEECEBEL RN L Si0,

KELTHZ LI X 5T LD T SIO, OFEEERTS
ST LEZINLTWD. HIREETHE SI0, (kT 5& L
FoDVE, 52 RPELMAIERERRIVIBEIM L TH h Z O

*» AIRBTH, PBO Te @& 2T ALO; OB EMELLEEINS
LEDBBEINTVBID, COBAHARRERBTS 3, BRERO
BRTUEH (L, THHED» 6 DEBREDERE D Re, Te $5(8),
9) RORR & ARERYORE, HEBBRICRITRLKRTE UTE
53¢ BEEIN B,
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PNEET SI0, MRABEOLEENE» 5 THS.

LBELHEFRESITRS T FHECIE LD
Vi, BREESTHECEET 5 E THR&KPICEFELT
WEBHRANEDRMN C T HIBEEIHE - REEIhD 5
THh, /2 S810.1% mmEOREEH 0.42% XD TH
2B TTEDE, COBE(NEERX5EBEOR
TTEESIIR L, ERBENSX ) Gk P BhE
TH5,BLTHS.

Lk, BiERdpkinDish s X CHEEE~ O 7GR
B, BESTURORSELTHEST5ZL, ¥cZh
LOERX(7)EICOEmEEI X>T@ESh5 T &
B L. '

LZ AT Si0.1% DiF 5 2SI EiEcBhET
HHEE, BEHRW O SiO, HIEs b iagkrh~o Si, #HE
DBITBBRITH SN B E o7 AR LTWD*
DT EVE(T) B DETEE DML RIS X2 THGH
ENTWBEZEEWMELOTEY, HBEEERONEAR
13, Si0,=8i+20 FEORIGEEI L2 TlEIh5
tEZLNS.

PEEMEE R, BLEERRC AR E ST LaiBRA kT
OFEHILEZE - BEEED D WITHHREA~ O EERE I
IOTHEEEND EEZ LN TERD, TOEXHITIX
BAMICEEOR D Z EBRALM LDk,

5-1-3 {KARER (L9 DMK

ZIET Si OEFRER LA Si0, B LIE SizO ax+y
LD LTERD, KiICE OMAEEERAEhOMNE
ML HHEE LTH K S,

ESPITTRS LTV A R E IR MR & AR
BT 5 Th 555, MRZ(bic >V TiE, REB
BCER A E CORERT BN 1) 2BEOR
Lt X oT, BETRaMLE 5D, ETHREBRGO
EFT X ANTEDOTEEEKOTLBELBND. Tk
bhAGHEICE, BRSh 5 EMRMmE R/~ E <
F 7o FISIRE &V 72, Sid+2 O0—8i0; FG 234K
WMOE®D D VILIEEEP THET L, BRRER SO, &
LTEZEENS. TOFER, BAREhONMENOTES
HMARTE, 2B Si0, DIRAG G ESKPDLERID
MR E BRSO S,

zDEMT, (8)FE (Si0:+0—Si0 14y, SiOz+
(2— x)0O — Si0,) T X B4 HWBEKROMEZELIE X
bhs. Rz OBEOELITERDOTERECIRLNS
DT, REOERDPEMSRBEEE L 2L, 45k

* ARG THET S L, ARBROMMEEREROT L DB
T (8), (DRDLH(7) L RMITHETT 528, BITLTRL
BHRO—ZVBERINE»LTHS.

WHRBREL, KRFIrREET SRNOESHK» LK
WL T, AL RITTHE NS,
ZUE St iEhR 3 min %O AL BREBRO BKZEL
3, EE LT 2RAERSIO, DIRBATX 5FEHAMKDOZE
ftThh, BEABPONEDT, ZORATEEKPT
B85 LCW iR b & 2 Pk Si0, DREMEH
nEhb.

LT AT Fig.5, 7 OBEMREERS XCLERERLICX
E, M 3min ZOWEPILIZIERESE T h T3
25, KRR SI0, LEULL R BEAI
i, TOFEESMCI>TESCRECERITTH
5. L Lixsis Table 1 ©X Sz, Si0.42 % 7tk
DKL OB ELSITE ENEMMERE SI0, & LTS
W oRDOIMEREE, HWBENTIL—FLTY
5.

DT ENL, Akl ZOREDBEEERY DM
VX SIOIT P DLW EHET B Z EBTED. E0F
FER LB OB ELRLZLET 5 L, e
5 3min ¥ T(8)RIGICIHESN/IBEEIX ~25 ppm
LERLND Z LD, FBEEOLROHED Si0,
LEIL B D2TWB EREZLREE .

Smms 13 SiO D4R ETE LTWEHY, FEHOM
B E LD TRE L OBOWB{LPRERT S
ERBEWERTEIAS.

B 3ITIE, SifRhngE SiO, MAERT B ERELT
BRRBEERDID, TORECEET 2RERERAT
EHERELHRING.

5-2 THEPOFABERRI~RY ML EBERRS

Si Figs O sk, RER LAY S T X
— IR X o CHEMAIREE THAET 5 T L 2k~ 7c2s,
T DIFERIR AL OFETHIENICIERT D &8 T
X5 TTHD. ZZCRAEDORINETRIRARY b+

CVORIE EBHEIG IR OWVWTESNRTH X S.

5-2.1 WD FRIMITIRA R b o**

Si IRMETFTER VR Uil b W 2 i
L, KBr Al X o THRABBRILA RS b v iz L
7o

1@ LT Si0.1 % @hnBoiERs Fig. 11 R Lic
2%, FEIRRED SRR LB hofERE, #72E
SiO, i ik 1100, 800cm-! @ vy, v, {PHEIRS)
CEBHBRINE— 27 & 475cm~ D vy ZEHIRENIC X SRR
Y- &R oL, RBENRHONEDE COEd
i, 1200, 1030cm YRR BY — 72 21T,
LD/ — AR Si0, S - HEDR
** REFIE
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Fig. 11. Infra-red absorption spectra of inclusions in
samples which were taken after 0.19 silicon
addition.
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Fig. 12. Changes of radioactivity of inclusion con-
tained in 1 g iron. Small amount of radio-
active silicon was added at 25sec after
0.42 ¢4 silicon deoxidation.

L5LDBRBALTVWDZERTELTERY, BT
WERILMOFEL T2 2B kdDLEX A
5.

53 Al FEEOHRIC D, BEBTHONERHica,
0, £« REXOEFELER L VWb LEEERIFIER ALO,
BPRYFET 52 EPREINTVEBY, ZOED
AEW SRR, BERSRER L Al OEEERILIINEG
Bl OMBRZE L 2~ TE R i S hiz b &
BB EMTES.

5-2.2 EMRIG

BEPIHEET 2 EbDTRIN R L E S, O

RIERBRERRICZTA2TwS EFEIEh, ¥ /-0
FIGOEFTREE S it X > THRIETRE L ZE 2 5h 5.

£ ZT 1600°C wffj$F Lic SiO, Wi A% Si
0.42 % [iiRR % 25sec iz, *Si % 0.023 % 5y~ 0.013 2
BN, *Si ihn 20sec DR HE T X > TRB 2 BT

L, #it LIc A EDORBSRGREZBIE L. BT 4
EBRT, ML Si i3k &3 10sec NI —IE
BT5zE, KIVCHED S OBBIRMIC LT 0.42
%S HEROBREAEIT ZLAEEE > SF vt %
ERLTH 5.

Fig. 121z *Si iR ERFZIC R Lkl 1 g th
CEENDNIEWDOIAAEDIBEZL(LZ R Lic. AED
DIRFIREVE *Si FRINEERY | min ¥ CREHI L Ch SR
L, # l10min C—%E L% 5. BRERAZALONDEDIXE
HLISW X2 THSRE S b o I M iR ER BN 5 —
7 HLED L EBHIBEEA~DM B X ST oDk S
EWHBBAT 205THY, %/ 10min H—FE 5
DIy, HIBAEED SiO, & *Si 11iF LA FERFEIS 2
I LERS.

ZORERIE, Si BB OB M N EDS S
HEEh Tk, BEL & DICEIREL LREIRE T
BRI HZLEERLTVS.

*Si 2FA Lo BBRELZLOBIET S > & b RE
BHDR, BREIGOEETHAS. *Si 2fmLTr
OERIEEE OBRET 5 ¥ TEHBRIGHLETTRE, 4R
Whic B hrc *Si 520 A ERO R AEREE X <
Y, BERBREOHEERECHEIVEL LS. LirL
IR DAEBR T *S fnEE LB 2R T 55
ZEDOTWDHID, LOMOBHREITER TS 2EEL
EFxbns. Fig.6, 7 iR Lickdic, BREBEE
*Si OBRABCEBARICILS BT E LI ThE2ER
T A,

5-3 ALO,;, MgO #1B(C$5(F5 Si BiEg

ALO,;, MgO Hii% 8 LB e, BAFaRREE
WRBBRT LT 1T 545, 3~4 min TR A{EIC
ELDDL, Slc/0¥A LT ~15min HiI013E—%E
g5,

Si AINRFERE S BRUTR T 5 D, SiO, HHEDE
B LEoL M X 55, BRFEOHMINIEYL,
HIBREECRIN S N TW HEE OBTIC X5 Fsh
5.

* BRBEPL 0.059% OEMFEE AlO;, MgO HRBPTHEL,
1600°C ¢ 30 min ¢ 5 &, EROBERPLL 0.03 35 2P d 5.
LT i3, BEL FeO-ALO; O X 5 BTEETHENERENIN
THBHLEERLTNS.
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O(ALO; or MgO) —— Q- vevvrrcurernenennnan (10)
REEIZ 3 LM Si0x I L, SiO; I2ZE{kT 50T,
SiOEETcHE bR /R I A hiE, Si0,-Si+20 Rt
T X2 TERIIEMYT 5.

BREE~THEREBRERSRTERASTEDR, 0
A S RBAERMONBEEL LB D —F, ALO,
3 L 1 MgO L DIFERIGIZ X > T, REED asiop D
ETHEFEELY, ThITHE LT Si+20-8i0; K
SETT 505 CTH 5. 72 8min DIELEE L IB/E
BEOC—HTHI L0, LOBATERMOFE ERE
BT L, DBEHHERNEEC K13 5 Si+2 0810, K
COETR IO TBREOCKRTTLZ L8b25

AlL,Og & MgO THIIBMEIZ X 5 EMTLAERDD
Niro70iE, FAERTERLMEFEOL &,
(10), (7)RIGC X 2EEFEOBFEE I X O LRSI
X % asio, OZALBREERCTH o7 b LEEN5.

ALO, HIBZ A LM LB OBLEE TV, TEAZERE
13 R & R RS I X o TEDL LR bR T 5. i
BOBE XV ELEENLE LBV, (7)RE0HE
25 Si, BEREOWBEIC XoTHEIh LD EEIDN
5.

6. &

Wt ) O CIRRBBRERO— R M ATRER b ok
SiO, : LTHIET 35 k2T, Si HEEtho AR
HELRBIE LR, EARER SRR FHELIT OfF
CABICET Lz b 5 ob it #ihn U T EiEcTE
T 5h (Si0; Hd), b LLBRKECELTILSK
O LC—ElicBiET 5 (ALOs, MgO ) T
EDFER S f.

ZDX 5k, SIS SKRIC R BRI
=h b Si OFRE—SHICEET 5 & LT Si BB
BEEELL AbhERzENT S L,

(1) & Si BEERCREGEENSE LI KEWT
W, ECHET 5 S, BERAETHELIS &I 21
A L, S10;(x <2) BEREND.

(2) BRBEOEKEE, S, BRSH-GEILL
LExDEHILIhABREEZENRT S,

(3) BiEEoBghicid, &b TEHIEREL
WNTEE LTHY, codDL Si, BRIGERTERRK

ol

BERfTRS.

(4) SiO; DEES XIUHIBE~OMEBRRI,
BRESARIAROES & LTHST 5.

(5) EEH (558) oREARIE, SO, »5iE
A~ Si, BEBTRLORCEET X>T@EESH
5.

(6) Si0, OMRFKIL SiI0, KL EVwEFLLN
5.
(7) AlLOy, MgO HBTH, WEEZATE Lk SiO;
DIEBRRBFILETT 510, BREERIIRAEIE
LT B s ET T 5.

B iz, AMEOFITICH i RIAEERZE DY
F LI RELEIRE R B FARELS XUHILDOE LDHIT
EVLEELAHERY IO F Lt RSB
B, ABIERE, BAEER, FALKFEZIRAHH— 0
TR OZFLLE T LL LRV LET. TAESBOIW

BIAEIEE R b b ¥ LARIb R EIRAAE, RF

ZEEHISBH O LS OHEER LET.
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