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‘ Change of the Dissolved Oxygen Content in the Process of

Silicon Deoxidation.

Yoshio MIYASHITA

Synopsis:.

L.

A new method has been developed to determine directly the dissolved oxygen content in molten iron
which has oxide inclusions in it. By using this method, the change of the dissolved oxygen content in
molten iron in the process of silicon deoxidation has been clarified. The method is based on such an
idea that the primary deoxidation products and the oxides formed during cooling and freezing can be
differentiated when radioactive silicon (silicon-31) is added to molten ironjust before the cooling begins.

In such a case, the oxides formed during cooling and freezing are radioactive, while the primary
deoxidation products are not since it has been clarified that the exchange of silicon between the metal
phase and the oxide phase does not occur. That is, one can estimate the dissolved oxygen content by
. measuring the radioactivity of SiO; extracted from iron samples, since almost all of the dissolved oxygen

has combined with silicon due to its large affinity for the latter.

In each heat, 1.2kg electrolytic iron was charged into a magnesia crucible and melted in the indu-
tion furnace. The temperature of the molten iron was kept at 1600°C. Radioactive silicon was added
" to the molten iron at certain time after the addition of 0-5% silicon for deoxidation. SiO; was extrac-
cted from iron samples by the nitric acid solution technique and its radioactivity was measured with
GM counter. As the half life of silicon-31 is very short (2°62hr), all the measurements were comple-
4 ed within 8 hours after the radioactive silicon was produced in a nuclear reactor. The change of the
dissolved oxygen content with time was determined from six runs in which the radioactive elementt
was added at varions times after the primary deoxidation.

The results are as follows:

1) The amount of the dissolved oxygen decreases very rapidly within one minute after the deoxi-
dation and then continues to decrease very slowly. It is confirmed that the time required for the ch-
emical reaction Si+20=38i0, (Si=Sit+ +4e7) is negligible since the observed oyxgen content at each

stage of deoxidation was found in agreement with the value predicted by equilibrium relation with
silicon. This fact also indicates that the rate of decrease of the dissolved oxygen can be estimated
from the ‘rate of increase of the metallic silicon in molten iron.

9) Comparison of changes of the dissolved and the total oxygen shows that the rate of decrease of
the total oxygen is determined by the rate of removal of the deoxidation products.

3) The analyses of primary deoxidation products show that these consist only of SiO:; and do not
include any FeO. Thus a small amount of FeO found in final products must have been formed in
the processes of cooling and freezing.

This technique is supposed to be applicable to other cases in which elements other than silicon are
used for deoxidation.

(Received 3 Dec. 1965)
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Table 1. Sequence of silicon additions.

Time ty tg

Active silicon

(m1%)

Experiment-A

Inactive silicon | Active silicon

(m1%) (m2%)

Experiment-B

(2) MRS hic 881 137/ bic B—iRd
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HIELTWD SiOy @ Si LEHL 7.

(4) 381 2@l Th B B RERIRE D 72 DRk &2
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e b 27z SiO; DEIZMERTX 5.
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Fig. 1. Changes of dissolved oxygen contents after
silicon additions. '
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75, .

Na=(1/100) m{Ooqa (t3) + Os}an «---eree-eeeeee (1)
Ng=(1/100)m(O2)ay cereeenenenenn (2)

7KL ag XD LS CERDIND.
aly =ag 2 e (3)

my—m(O;— Qs) +my
U5 RVE t 18, RN *Si S —KBER LSO
Bfv )z voEE S~ %L FERLTWVS. A, Bx
NENDOEBRITI VTN L7z SiO: ORURAER o7
SRUFETHET S L, FHEEREREREo&TILplT
LIcHRABELNS.

Is Np  ag m(O»)

In ~ Na~ as m{Oca(t) +0q ()
(3) {xH5 L,
Is _ a ms
Iy ap my—m(O;1—O03) +mg
m(Q2)
72 {Oua(t) + O3} (%)

#18%. ERICR o7kt T, Si0: &L THE
T58F% Owt &T7UT,
Otot (ts) =00 (t3) + O3
THHrH (5) Rid
Iy _as ms m(Qg2)
Ia an my—m(Q1—0s) +mz m{Oxos(ts) }

cerrerrenenenen (6)

an, as, my, mg, m(O1) PEERBHCHMDBZ LBTED
5, Si0; OHHHE L D m{Owos(ta)} %, HAHISIOD
WHAEAE X 0 I, I #3RD B &, (6)RTH VTR
¥ m(Q2) OHEIRD, ZOEEREDL T LB TE
5. 7tk (6) R Dbd» X5, aa, as T O

SHET 70 L FESHEMR DD D T2 TUE L. FBFE 6

B HBEAEE Q: 13 m(0Qs) boiu, KR ITX
DTRDDB T EBTEB.
Q= (32/28°09)m(Oy2) T D)

F7z (6) RIFRDOL SWCERT 5 LEAEENRZ &
2 AN

I
m(Qg2) = Z:: —I%m(otot(tS)}
my+my—m(0,) +m(O2) crenenrnreneann (8)
mg
m(Oz) VE—fFC my, me, m(Oy) WWHASIWRD,
I
m(92)=ﬂ“ 2 m{Otot (ts)}
as IA
mi+my—m(O1)
- e (9)

LLTHE oo xinl, Al» L KM O HHL
%, LepsoT (7)) REBNT, BFHRE O 28D
TURXEBLENTED.
23209 Z_i % m{Orot(t3) }
my+me—m(QOy)
mg
EIRE TR Z KD HEHIZ W L Db & BHAIIE, RHl
to #ZE 2 7 BEBRZZOHFZT < VREEFE I . HED
B BT X BIEE X ) —2 OEHEEE R i A RE
FTHEETE, TN NOERFHRFE—ITED X ST
L, BRERFZOZFCEL CHEREOD HRETITRD
7 TS . HRAERITOWTIX 1 [EDERIT
X0 aa, In, m(Otop) ZRDTHIE, 2D EEED
B%Eﬁ?iﬁﬁibfﬁx’_é- FI-AZERD my, O, t3 X
BEBOZND OE L EBROBES LB TE L. At
gAY 5 St y3iA 2-62hr T B RAEES D K
MR ETH 505, T O %LZ Table 2 W/R¥.
ABHEVERSERM TR ELIORBE LR XD, &

Q.=

e ()

Table 2. Characteristics of 31Si.

Characteristic Value
Half life 2:-62hr
Energy of 8 ray 1-47 Mev
Activation reaction 30Si(n, 1)
Activation cross section 110 mb
Ratio of 30Si to total silicon 3-05%
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Table 3. Amounts of radioactive isotopes produced in lg silicon: irradiation 1 hour and
thermal neutron flux 1-0x 10!t n/cm?/sec.
) ) Amounts of radioactive isotope after activation
Element Wt Radioactivel - e jife |—(P5)
P 0 hr 1 hr 5hr 10hr
Al 0°032 28A1 227 min 1-5x 108 — — —
Si 99-08 818§ 2-62hr 1'7x108 1-3x108 4-5%105 1-2x108
Ca 0.092 4%Ca 164 day 28 2-8 2:8 2-8
' 49Ca 8:5 min 2:9%x 103 2:1x10! — —
Mn 0-009 56Mn 2+ 58hr 3.1x108 2:-9x 1085 7-5%x 104 2:0x10¢
P 0-007 32p 14-3 day 6-3x 101 6-3x 10t 6-3x10t 6:3x101
Fe 0-19 55Fe 3-0 year 76 7°6 76 7°6
. 9Fe 451 day 3-8 3-8 3-8 3-8
C 0.012 — —_ — — — —

WD LIy ) arPAOTRC X AHEBEGIT DWW
THHEATH LB TES. E@BE L ORMNBIHE
T E SR ERICREL IR A WX S InR LD
W, ZOWVEEEE AR EFEDO X S5 eF 2 HFL XoTK
DB LWRELE D5 H 5.
3. EBR O AE

31 % @

1-2kg OEMREE (C=0-001, Mn=0-0029, Al, Si
L) Rws 3T PHE (FES3mm) AR, W5
kW, 400 kC 0@ FpBEFCEiF L, HEZ 16005
°C RO TCITRCOEREZFTRO7. BRI

A BPEmTEL L XV IEkeE XS, Pt-13%
Rh-Pt BE SN X 2 CTHEGHICST 7nofz. E72BHRD

Bibah<icw, 7T HF2ARHRL, FREKE Rk
7=, BEEHIE LToy Y a2 (Si=99-08,Fe=0-19,
A1=0-032, Ca=0-092, P=0-007, Mn=0-009, C=
0:012%) 1%, A, BXN LN OERDERE ¢ Tk
5'5g (0°5%FR%, 3 ~4{EHD/NR) %, B EEHRORZ
t; 1 1'0~1-5g (0°1~0-15% #8, L{EADN) %
VR RIS E o0 TR L 7. 1 BORIIC X
WL T, RV O s BITIEGR AR D &N
10g Thorns, & LEFMPOEN S DEFEFEL 72D
Ty, DD EFRPTERIND T L3 mh 7.
3.2 JyaroRsHt

3181 R HLET 572, YU a kTR 3x101Mn/
cm?/sec DJRTIAT 2~3hr JAGHL 7203, L OELEEX
vyar lg BYOBHEHSIZEWTIN 03 3 V%Y
—TdHotz. WAL L CERLEY Y ar lgi ik
F# 1°0%x 1011 n/ cm?/sec T lhr MBBH L 7285-& 1T 4R
ENDHANENOILRDOBIHERISIILR D& & T ORFH
T B WMERLFEL T Table 3 IR

INX Vbbb X5, BRERMTTEDS b, &

BHID & OVER B DT <, EEBEO b OEER %
EHRAWELTLE 5720, Bath 1~10hr ORIC
Bl hE, BE T B ERAITIR #Si & 5Mn
DB EED. EROFHEC X D HoRAEEE OBk 2 1R

L7eds, < H X OGS S 72, B <
BORERAI TSI ST OB TH S L% 2 bh5. e
CHG LR OIE L AETRTHBBRTH O &
hY, DI EPHERIN.

3-3 RRORBELTRH

TR BERIE O 72 OFENITI L 72l EY ¥ a op
I — AT 5 LB 2 b BRI 40sec Lithic, W
% Smm OLEEEZBRPCRL, TV T HAKHT
ANTHC LTI VEBEE R THARR L. HiTic
DV T ERRREIC X D AMERSY, LEHECI) Y
VarveE%, BEBETED SOy &%, & OOk
COWTRLDOHEREL 7. FECXVEELL .

3-4 TEtRERIE

[iE 4 B DI BERIZE D 7o sic, 5~8g OEbkla i
TEEE (14+3) CHEMEL, FHRATZ 06D T 527 4
W —TEBL, TOETEEL THER GM FiKT
BEL 7.

TERBEIE DEREIC X D EBRBE DK T 281 5 2
s MEREAIET D LT LBREEZ R EINPSLIEBT 2
HUERB D, D7D HE Si0; oflEir X vl
%9 1,000 cpm DL EOFHELZEL L BPEE LWEE
Z7z. KERTIHEELZED S R HERROED T
B5.

(1) vy arBROBORIREEDS.

(2) BHEHEzELTS.

(3) BEEROEY t. WRINT5HEHES Y 2D
BE%LT5.

(4) ¥ BRHUBOMOEMENIIRELEDS.

(3) HMPDIDTHNHHABOEEZL T 5.

— 16 —




oY) a VBRI IS\ B IBRBBEOREENCONT

1053

Table 4. Time schedule of experiments.

Hours affer activation in the reactor

-2 =/ O / 2 3 4 5 6 7 8
Activation in  the reactor
Transport of an activated silicon Z -
Melting  of iron B2 “— silicon addition
Extraction for SiOz in HNOs solution
Filtering for SiOz
" Rodicactivity measuremen #s J l MJIV | 2]
(6) MREBELLBVEHCRIEEZRT TS,
DLED S B, (1), (2)T2WTEERTSRTFEO w%
BN % X OVEEE S ORI TES N EHORIE T \ T Oggen content (by vocuum fusion)
s . . . \ —o— Oxygen content in SiO= (by iodine
ot (3T OWTHEERRLZX i HO~1'5g & \L alcohol  techpique
fERLN, & DELZIBILEHELTLHILE VIR te - BA R o0 5 ——e—  Oxygen confent in FeO (by jodine .
Bov) 3y EBEOBRCHE RS X B IDIFEL \ aleohol fechnique )
<. (4)IEoOWVTiRE B HEE GM o & \
ﬁﬁﬁ,%m%mﬁ$ﬁ05ﬂﬁv%ﬁfﬂﬁ%ﬁﬁb © o005 ﬂ\\\
7z (5)b:o\n“Cb‘iﬁ)%’@féi}ﬁ%@?mﬂj@t@@B%Faﬁ%%‘ o
5L, HEoRY 10g BT s 23 drl | T S _
WEEZ b BHEERERED B 72D (6) DO&F % 2 P 6 8 o Iz 1416

PEEC IR LA THY, v IAVERTFIILY
72U TH 5 8hr DI T T ORUAER EEKTSE
85 ¥ 5 HEARA L. BN R BRI VR
% &, HERERIZERE 2> B3I, 0-00019, D IEFREE F
2 Tn DR X IELES L Ldbh DT

Fe s GMAEFI I 5 RURRERIE C 720, BOEER
I, BRIC X DTN EiEE ASERTED D, B
BT SHECRIC D W THERIRIC X B EOMERT 21T
Foote. WERCTRINT B UMY ) T v DAL s
an OFEHAZ b B Fodic, FHOBIT A—0R%EN
WA (dmm¢ X1mm) % v Y 2V E—HECRFFRAE
AL, *OHsrEaERZREL . 1A, Bt
AOEEICOWT, HEHAEER O EE b XD
TR AER L 7eas, oD ORIERHC ST DRI
WFROERICEWTS 1,000~10,000 cpm TH D7
3.5 EBROIRE

BST OMHEA 2°62hr TH D, TORHREE S DD
CEAECEET L0, EREEBRCKTSEoLR
Bdote. Fiofe & 2 BIEO DI TRBSREE DD
TWBBEIT D, FHHL SRR EORER
BT B oI B VN EIEZ R T SE 5
EHeEE L. Table 4 i EHBOTREOREN 1 Flz
T, CoBs, BEAERDMEO 7D ORI 8 ATH

Minutes after silicon addition

Fig. 2. Changes of chemical compositions of deoxi-
dation products with time.

St WRL7HE 5~8g ZIAME TTEAICERT S
Fe b CE L -EENES < 04 lhr, BWIHET 2hr T
b M 7 PR SRR BT 5 eI T A Y
L — & X ARBIFEBE TR0, FIHTE SEED
2 SICEHIR X T W o 7e, FmicE L 7crsfilz Table
41chD L dCEL o PR EIE%R, FilRo
F F B AsRlE s ILIC AR 7278 B i JlE B o7,
Table 4 ORIEREICVIGEE/NE T ORIECE L 72k
HEENTWD.

4. EBRERBIUBE

4-1 E{LPERORENEES

FiEER L LT, ¥ 3 U HmEORIC X SR{L?
KRk OZEEh & BRERIEC X B SIO: D4t DEMEOR
SHafinot. EREMITRTCERAERLFALCTHS.
AW 351 5 EB T, MEE RSB S0 &
FeO D%Th D, L OthoBbtWiziz L AEEHTSD
BELBRTHS. BRFARE2IRT VI~ VR LD
CHW LR % Fig. 2 Ry, X Dbord 85
z, ¥V 3 UAINESCER L 72 Bl s v TREE
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Table 5. Results of experiments.
Heat No. 1 2 3 4 5 6
Minutes after silicon addition [ty] 025 0-50 1:20 3-00 650 12-00
Initial dissolved oxygen content [O;](%) 0113 0-106 0.104 0-139 0-138 0-138
Metallic silicon content (%) — — 0-402 0-385 0428 0-396
Dissolved oxygen content determined in ) .
the present work [Os] (96) 0-0378 | 0-0210 | 0-0104 | 0-0097 | 0-0095 0-0062
N. A. GokceN & J. CHIPMANS) — — 0-0084 0-0085 0:0081 0-0084
Calculated :
D. C. Hiuty & W. Crafts® — — 0-0086 | 0-0088 | 0-0083 0-0086
oxygen (%) S Ma K. GuNj1 & '
T Rewvasan — - 0-0076 | 0-0077 | 00073 0-0076
T &5,
]
008 // ERF—FBC oV, i SiO: ZEWERICEL T
R o o® 3 SRR ZZEX THI SRR I 23 5 B s
3 ok, BFEMSBIENC XS L SiO; oficHE
= 0.06 = -
£ ° B 1p UTFORMTZEHERDTD L mEDD D,
i O RRIT X DT SiO: ORUMIFBIEPINTVE V5 T
5 Soo04 L LB 2 SNF, T OFEIL Lo TREEKSE 0 SiO.n
s 4 ELSKHESNTWD L 2BRB T LnTE7. B
%;O 1% WikiEZ SiO; DM OL®IC T D X 5 1R <
.02 B ¥
s & &;° TE7eDU, AMERCBTHHMY Y 2253059 123
N
& ‘&K BLTOWRZEE, ¥ 3 DA OMhosBTRitE
S Ll Lishrofeied B2 505,
(o] 0.02 004 0,06 o8

Oxygen (by vocdum fusion technique) (%)

Fig. 3. Relation between the oxygen content in SiO,
extracted by the nitric acid solution techni-
que and the oxygen content by the vacuum
fusion technique.

FeO &5 THHLET 545, 30sec LI L@ 5 L3

EAE 80 WS TORFREL, TINIEZRARIE

CXHBMER L TE—FHL TS5, Fige2ichsnTyvY

A 2l min PR FeO O CIE4E T % M %1301 001

%L T Th5. -

4-2 BEWEECKS Si0; HHOEEE

BISI DARIANEN T 25, BUEREIET X VWL T

Si0; OHPICE T HRHHZ 5 X< T 5 il

R ZERHA L2 ZOFRIC I 2T Si0; BRIEL <

T E LD ESEMERT B 20T, ¥ 3 Fhn 40

sec DMBEICERIL 7c [ —3lkhic 2o T BZEERE OB SR

EEZDFHECLS SiO; XELNEMEMEL LEL

T Fig. 3 2187, chicx 5L, ¥V a3 iRnESS

R\ ZEORBEISITRENTELL—HL T35

43 BEBEEITHIEOLH

le—~ DAL 6~ FOBREBRICL DT, vV
I IR D 6 A DOVEMEE R 2 Kbz, FOfEE IO
FEELKM%E Table 5 3.

2 ) A YEIRT ORI E EN D BEDER TN
D~ PTXDTRLD TS DVHE L 7B ek I 5
WP OHFELCBRRCER SO L L, BERADT
NI FRALEGDPAD TV BBEDOHERFNLEND L
~ MCBVTHBEL T L b— BRIl ss i 7 bie
X5HDTH%. Table 5 O&BRT Y a2 L Dz, v
U 3 ERINETOERSR &R BN BRI TR D2 0 t
WRWT Si0; KD TWiMETHL L L, ZOfHEI
SHGETHYY AVEERML7IY ) a0 0E»LX LD
WiehDTH Y, WERPOEBIRY Y 2 o ofiz i,
COERPEDLT L —EIR I Tuwi vk, Fh
e ~ M VIEIERERE, TV 3L im0k
B EPRBEBEODTWEHEIZDTHD. Higoi-wic, =0
BERbhoEEIRYY a3 v LHEICGE T ABMEOEL
EHEINTO L FEEHOPOME I D FHE L CRH#H L 72
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LB LNERRE L ERFROFREIL

W B 7o, [Fl— DM X0 THI D Feic B
b — h OEBRETAV, BEZREREIC X MR
fEx kT Fig. 4 WKRLI. THhICXD &
MEILThOE — Mo W TH Y ) 2 L Em
# 8~10 minTIHF—~EOMETL VT 5.

F - EIREE ST v Y 2 LsnEA I A TR
L, lmin TCIFIE—EDHEIEDE, Z DIBVX

X b TP DFEPLTCNDBE Z &30h 5.
DT LiESi+20=Si0; OILEI G Y 2

o VRIS 1min DINICIZEKTL, £EED

alé
a4 ~—°“
2 . Total oxygen (heat No.7 }
012 ° . (+ No 8) i
\ 2 . (* No 9)
210 .
© A& e * (+ NolO)
— o
ko 008 L x  Dissolved oxygen
‘o
& =\
D 006
O
004 ¥ ole.
(<
\ » ® r-Y \
Qo2 X
\x E\QA .
* x=® B g0y
o] 1 1 1 T i
Z 0 2 4 6 8 0 e

Minutes after silicon oddition

Fig. 4. Changes of the total oxygen content by the vacuum
fusion technique and the dissolved oxygen content in

the present work at 1600°C.
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006 \ Oxygen in primary deoxidation

FOEFIEGRAR O 1 IRGIERZE N & L TOIRER
FELTZETRY, ZhERDT Fig. 3 I
. Bk oz b A2 RT Fig. 2 1
BT, v Y 3R D min DL L 7@
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> 004 v
3
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Minutes after silicon addition

Fig. 5. Changes of the oxygen amount in the primary deoxi-
dation products and the total oxygen content.
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gen contents calculated from Mn-O equi-
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