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Determination of the Oxygen Content after Silicon Deoxidation

by the Herty Method

Synopsis:

Takashi SASA1 and Rokuro SAKAGAMI

Changes of the oxygen content in liquid iron after silicon addition have been determined by fixing the
oxygen as Al;O; with thin aluminum wire previously charged in the sampler and chemically analyzing
the aluminum content of the inclusion which is a mixture of Al;O, and SiO,.

The results obtained are as follows:

(1) The oxygen values at a certain time after silicon addition are independent of the amount of alumi-
num charged in the sampler and the kind of the sampler used.

(2) The oxygen content gradually decreases and reaches to the equilibrium value.

From these results and the calculation about the reduction of SiO, particles with aluminum in molten
iron, it has been confirmed that besides SiO, particles (>1 um), a large number of minute SiO, (€1 um)
exist in liquid iron and a part of them remains to the last stage of the deoxidation process.

The result that the melt is super—saturated with oxygen untill the equilibrium is reached, is explained
by the fact that the minute SiO, are easily reduced by aluminum during solidification of the sample.
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Fig. 1. Experimental apparatus.

Table 1. Comparison of the amount of charged
aluminum with the analysed aluminum
content in the upper part of sample.

Charged aluminum Analyzed aluminum
(%) (%)
0.080 0.082
0.067 0.068
0.031 0.030
0.023 0.023
0.017 0.018
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Fig. 2. Dependence of alumina content in inclu-

sion on the charged amount of aluminum
(Remaining is silica).
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Fig. 3. Changes of the oxygen and the total
oxygen contents after Q.19 silicon addi-
tion at 1600°C.
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Fig. 4. Changes of the oxygen and the total;
oxygen contents after 0.429, silicon addi-
tion at 1600°C.
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Fig. 5. Changes of the oxygen and the total &
oxygen contents after 0.65% silicon addi-
tion at 1600°C.
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Fig. 6. Changes of the oxygen content after
0.429, silicon addition at 1560, 1635
and 1670°C.
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Fig. 9. Change of the oxygen content after 0.19;,
silicon addition, obtained by the use of
various samplers.
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Table 2. Solidification time and reduction of
silica particles with aluminum,

S ) 4 i Copper | Silica Silica sampler
ampier use isampler | tube Water | Air
, | quenched | cooled
Solidification
time (sec) ﬁ 0.05 0.3 3 { 9
Oxygen of SiO, u " {
reduced by .
aluminum 1 6 25 54
(ppm)
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{FETH. ZE®D Si0, B L EHEETEND
EELRBPT L0003, KE B), C) @ RAnkil
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Fig. 10. Distribution of Al and Si in inclusion
shown in Photo. 1.

Si Optical

Photo. 1. Electron beam scanning images of inclusion in sample taken at 1 min after 0.19

silicon addition by copper sampler.
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AT S.
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ERULEBRER SR IZDDLEEINS.
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1) &7eix Si0, R FEFS &I > TETT
Bl L oo fT Lz A bh, £z, ZIZWEET
SiO, OFLETHZ &2 5, Al OHREIF+5TH ok
EEZBND. ZOXSEE, RISOETIZ SiO, K
FARED Al 4 LI Si it > T@EEEhs &
HLENETHY, BEXHEHEERTET TS LRIELD
g

2) FBHRELME SiO, AR Lisve b, Bdh
BB D Si0, R F-ORM% 5D, —KONEIITER
T5H01E, 2A14+30=AL0, FJETHAR L7z Al,Os LA
HNRICHFE LR V. L Las s, S0, KT o FEIifH

ALO, DHTEHEDONDE T L1374, TTDEFFRIC L
/1< Si0, BEHFELTWS.

Ll E SiO; BRERMic $ BB TN 2 EF, B
ErLORMVITRAEH Y, SIO;H Fi3HHEH SiO, X
DT HBLPIETEIND L WO REOE X HH ST
B o & A B2 & 7 D7z,

TV, kP D SiO, ORIEES T E iR E s g
DXL >THRALARE B) wd, 2%bh S DR,
RO HIBREILRO OB D EEMEBEOTVB.

T ZTWIE, RE B), C) @5 % {5 B) LA
DWB®HDELIBERRITLTHLS.

4.3 Si0, OREE

HERBLIVLED SO BT IN B0, EEokr
FREEPEFESE PO Si10, NTOLFHE S, X0
FBLAREVWDPLETE2DLITHEN, ZOBEXHTI
BERIC p A — 5@ Si0, R FLIshic, #fmis Si0O, A3
SREELTVWDHZLEBET 5.

5 Fig. 4 WRLAEL S, 0.42% Si ifhisk 1.5
min OEEFE VI FEREEREX b < 100 ppm FHV 0 T,
CHIRYT2EES 2T S0, MBS LEET
5L, EEEBONESAICD EOWTEHE LETE
V72720 Lppm ThHHh 5, EEOREMHT 100 £5
PlEXREWZ LIt B. Lo Lisss, Fig. Ap-2C o
WESfMORb T, §XTD Si0, ZEEO0.1 4 Dfr
FLLTH, PMFFEMMELO0FECHERTIICTE R .
BERRTIE g A — 5D SiO, T HFETHZ L E2EE
T5&, BIULESFEED 100 f5LL L dETE L%
AT BdITIE, 0.1 XD XS SiO, HFF

Table 3. Debye patterns for inclusions.

6-Al,0, Mullite

d(A) Intensity d(A) d(A) Intensity d(A)
measured ASTM measured ASTM
5.38 W 5.38 s 5.38
4.49 w 4.50 3.41 ss 3.42
3.40 m 2.87 w 2.88
2.83 s 2.85 2.69 m 2.69
2.72 s 2.72 2.54 m 2.54
2.57 w 2.56 2.43 w 2.42
2.44 s 2.43 2.32 w 2.30
2.31 s 2.31 2.19 m 2.20
2.11 m 2.11 2.12 w 2.12
2.0l s 2.01 1.85 w 1.84
1.80 w 1.80 1.70 w 1.71
1.54 w 1.54 1.60 m 1.60
1.48 w 1.49 1.53 m 1.52
1.40 m 1.40 1.46 w 1.46
1.39 ss 1.39 1.43 w 1.44

Inclusion obtained by Herty method, containing~60% Al;O;.

Inclusion immediately after Al-Si complex deoxidation, contain-
ing~60% Al;Og.
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BIU ALO,; DEAEK LA INS. Table 3 0k 5
I, AEBROMEDDI 0-ALO; @ XEEEIf/,$2 — %
RYDITHR L, Th&HRIIEIER—T %23, ALO,
SiO, H MR I Ak U 7o Al-Si HEEIER © N ED
(Fig. 2 @ Al,O3~60% DB D) Ha T4 MESZET
5Z¢+th, TheEATTWS.

75 3 AEE AR A BRI L7 3R e O A E (5~20 ) &,
FiiRic SiO, FIF & M . SiQ,, ALO; 7 LigR I
TW5. M SiOr O —HABMERAECTIT LA ERE
ETCEFLTV R EALNB T LW, HALTE»S
5_ LA

k220 2 5% ERRNCIRET Lichld TH %05,
REMORMD LB A E L LBAI, EBER
DOHINCAERILFE DT L hdbhDic. 1272810,
BT & A S0, ORITEEE E o/ F—& LTH
EofirEin Lo mldgdofitnd D, BEORES M
DRNEISHEOMAREE LTERSIND. -

L LIS DAEEBFEROEE, L, T4 Lb,
Si BB Bz SiO, B FLIAT X 1o TR
7 SiO, MEHIRIEICEET HETERFIL L TWDH L
BEROND L EEPOLPRTHIENTER.

5. & -1

Herty (i [BE% TG L, SARHRIRESY > 75 — 0 %
AL# Al iLX DT BME%E ALO, & LTEET 5%
2T, Si REEOREZILERIE L.

AN/ EREENTS L,

1) Si @mnkEERI9o< 0 & B LT THECEsE

+5. : :

2) BEMEEYL 75—~ Al EAR S X OREHER

HEIEERIZ I —FHT 5.

RENT EBRFISBELILS X SR DN, SiO
AR Al R EXDOTRITLEN D EEZLNDH, FHEHIC
IoTk i SO HFOBTEITFBHRR I X 5T

EVLLRNY, EREELIORLHEETH T L b2
o

EITRf, BES, EndESHECRAVWEL
BBt LR, dmekdinil p BEOXKE XD SO,
TSN R Si0, 4B EThTED, ZTDXD
7efEam SiO. 28 Al r X oTEREMc g ERcXhs s
EXBHTLICXOT, ERBREFELLHATESL
&R

Appendix ;ETE DR

Appendix 1 GEEE (97

REF T T~ (k)

RERE BB L EA LTk, HIELEE L
TH, FIREHOBH L-BELN (Pt-Rh 6:30) oS
RO PO BT X 51 £y FL, BEXRK
10A-DERERLTRL 1400°C whn#td 5. nzhE
T % &R CEREIZERIR L, DIROREELE
kL7, Fig. Al »SHALPR LS, ST T~
WIRA LICIAgk IR, KRS TR | see, ERT
134 2.5sec TREETIERTL, £hih 3, 9secik
WREZTETT 5.

Cu %77 — EHEE

S T 2 SR P LB DR B 3Rl & TR T 3 HRE
LELL, FFEaERME»S 0°C OfH W EASLEY

PHLEHEDHERN
00/0t=kgo (320 /0r2+ 1 /7 86 /0r)
0P <@ wevvereervmnessiinsionaeienenn (1)
%_‘z, ) b

BREE r=a:d0/0r=—h0
WS t=0: 6=0,
Db EEFWIRE L DRD -

1600
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2
g‘ 140
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=  quenc

1200 -
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Fig. Al. Cooling curves for samples which were
taken by the silica sampler shown in
Fig. 1.

— 18 —

)



e

~ %

Herty #iC X - Si BEBEOBMELLOME V 805

= 2 J1(pn)
0"’:06'12:}1 Pn Joz(Pn) +le.(p")

72 L Je LB 1EOFRREIZ 1 koD Bessel F¥r,
tn b 3) ROnFHOERTHS.

¢ Pakwet/at (9

ha=x ], (2) /o (x) o er s (3)
B RIRATEZLNS.
1
1
hipe= 1 R i ).(4)
a ( A In a +aR ‘

Oc: 277 — A LIB#OERE (°C)

Om : FABPLEIDORE (°C)

h2pe © FAFEZENREL (kcal/m?hr°C)

k IRE{ZEZE (m?/hr)

2 :510; 5k Cu OBYZEER (kcal/mhr°C)

a : BIREE (kcal/m?hr°C)

R %75 —0iE CEE) (m)

AEETHHRE LGS, RET T ETOEEED
KERE Tw 13 5~10x10°C 0fiFEKH 5 £ %5
noH, Kl® ofFRicxsE, To—T (Ts: KDO#H
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~ Fig: A2. Size distribution of silica particles in
liquid iron after 0.429; silicon addi-
tion. a) 1.5 min after silicon addition.
b) 30min after silicon addition. c¢)
size distribution at 1.5 min after silicon
addition obtained from a) and b).
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