754 L g o @ maE g7 B

2) FRHE, HEf: BEI®RE, (H23), 2, 140
3) FKHE, HEe, Jvak: ibid (fE26), 5, 149, 159,

235
4) HD, BfF: Eﬁﬁ&m%$4l%ﬁ§EAﬁﬂ
(H24, 7)

5) W. T. Lankford,-S. C. Snyder, J. A. Ban-
sher: Trans. A.S.M. (1950), 42, 1197

6) \|F:, THE, HE, X BIHHE (B 27),
6, 351 '

7) @3k, TiE: ibid (1B 25), 4, 33

8) H. J. Williams: Pey. Sci Inst. (1937) 8, 2,

56 ' |

9) L. P. Tarasov: Trans. A.LM.E. (1938)
131 353 ,

10) C. S. Barrett: Structure of Metals (1943)
395

11) R. M. Bozorth: Phy. Rev. (1936), 50, 1076

12) C. A. Edwards: The Structure and Proper-
ties of Mild Steel (1953) 185

S OB ﬁﬁﬁﬂ%@%m%?%ﬂ
EURNIIIE B i R T

STUDY ON THE METHOD OF TAKING A SAMPLE
FOR DETERMINATION OF OXYGEN IN MOLTEN STEEL

Shizuya Maekawa and Yoshitake Nakagawa

Synopsis:

The method of taking a sample for determmatmn of the oxygen in.steel fresh from the fur-

nace has not vet been established, although it has

been the target of discussions.

- This report treats of the results of the study conducted on vacuum sampling method which
is almost perfect and comparatively simple in operation.
The sampler for vacuum sampling method is as shown in Fig. 3 and 4 and Photo. 1, and
suction tube of the sampler has been made vacuous with its tip prepared as shown in Fig. 1
In case of determining oxygen content in steel in an acid open hearth furnace, vacuum samp-
ling method has been closely similar with bomb method but apparently different from casting

method, which has generally shown higher value.

While in case of a basic open hearth furnace, vacuum sampling method has shown a lower

value than the cases of bomb method, suction met
It is diffiicult to draw a conclusion from the ex

hod and. casting method.
perimental results because the amount of

gas released during solidification of molten steel is variable with its chemical components,
temperature and solidification condition. It is presumed that some amount of gas may be
released when carbon content in molten steel is medium and silicon and manganese contents

are low, but in most cases the amount of gas released has been within analytical error.
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Comparison of Sampling methods and their respective advantages and disadv__antages.

Position of samplesx

being taken . | Samplingfmethod

Advantages and disadvantages

' Taking a sample by dipping
a mold directly into the
bath (Al is put into the
. mold beforehand).
Inside of the - 4
furnace

Proficiency is required in taking samples.
Difficult t6 prepare the sample afterward.
Severe wear of molds.

By dipping the mold into the bath tempera-
ture drop and change in O; content of the
bath is considered.

This sampling method is excellent.
will be an ‘effect 6f air in the mold. .
6. Show a tendency to decrease in oxygen con-
tent caused by gas released durmg solidification.

el

‘There

Taking a sample by dipping
© suction apparatus directly
« into bath.

1. Comphcated equ1pment difficult operation.
2. Theoretically very good but difficult for .
- daily operation.

Taking out a sample with a
spoon and sucking up mol-
ten steel from the spoon
(Al may or may not be ad-
ded beforehand).

QOutside of the
furnace

1. Be affected by oxygen in air.

2. Show a tendency to increase in oxygen con-
tent caused by reduction of slag wheh Al
is added to spoon.

3. Due to molten steel being drawn out of
. furnace, change in O content caused by tem-
perature drop must be considered.

Taking out a sample with
a spoon and pour it into a
-mold (Al may or may not
be added beforehand)-.

. 1. Show a tendency to decrease in oxygen con-
tent caused by gas released during, solidifi-
cation.

2. Simple in operation.

— 25 —
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i) ZEERELR

EEpiE e Table 2 105 \
’MMeZ@WLlDW%E%%®Hﬁﬁ51%f®
%%?«1M~mf% LT b B SRR TE
niE 10 BUNTHRL CEEP AL Z L, ¥/ Al %
1% ALTEMLTHEREOROMET A ELVWHHH L
EREAETD &, WEIEMNE 50~80mmHg O 7
=t /73 A DE AT L D FRWBEREXO [ T] %
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- _kﬂ
le- 27— > 7
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4 N J AU
FProtective  Suction cement
tube tube

A-B:Position to be broken after sampling.

Samplér for determination of oxygen
in bath. '

Fig. 3.
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~Ho- wire SR E |45 % Fig. 3 35 X U8 Photo.
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Schematic diagram of the vacuum fusion apparatus.
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Table 2. Preliminary experimental results.

. . . Components of
Molten steel |Time of dipp- | Value of oxygen determined ¢;| Gas releared *
Sagxrz)ple temperature | ing suction ‘,;yo}t“e?,t;?;sz molten steel %
: °C) tube (sec) A ' B C D solidifies in B C Si |"Mn
. , method &

1- 1580 - —_ 0017 0°016 — — 00001 — e —
2 ” 3°5 0.014 0°0l16 — —_ 0°0002 — —_ —_
3 1550 49 0016 0014 —_ — 0°0002 —_ — —_—
4 . 7 2*3 0°C16 0013 — — 0°0001 0°*09 | 0°08 [ 0*37
5 1500 58 0°COo% 0009 —_ —_ 00001 : — — —
6 1500 " 181 0°008 0008 — —_ 0+0003 - — —
7 1550 .2°8 "0°C07 | /0008 — = —_— —_
8 ” " 10°5 0007 | 0°006 | 0.008 | 0°C06 010 | 0°30 | 0%66
9 1580 156 0018 0017 —_ — 0*0012 — — -
10 7 46°5 0°019 ¢ 0°022 —_ — 0+0104 — — -
11 4 — 0°014 0014 _ —_ —_ — -
i ) 4 13°7 0°020 0029 0°023 0020 0-0010 -0°20 1 004 | O°12
13 4 56 0°022 0041 — —_ 0+0001 — — -
14 7 10°3 0017 0°018 — — 0°0002 — — -
15 4 43 0024} "C°025'| 0°044 0025 | =+ 0-0018 014 [ 0703 | 0°14
16 ” 1170 0°016 | 0-012 — | - 0°0001 — —

17 7 4°0 Q017 0°020 0°024 0019 0-C004 0°22 | 0°04 | O*15
18 4 — — 0°030 0033 L — —_ | - _—"
19 7 2°5 . 0*012 0013 — C— *Q*0003 — — -
20 7 40 0024 0°020 —_ —_ 0*0003 — — —_
21 4 2°0 0022 0022 — — 0°*0007 — — —
22 4 _4°0 0020 0022 | 0°021 0016 0-0016 015 1 0*03 | 0°12
A: Suction method in which a lubricator is used. B: Vacuum sampling method.

C: Casting method (Al in mold).
*: Computation of Qs %.

iz 20mm)

Fig. 4. Instrumenf for taki'ng a sample for
determination of oxygen in molten steel

bath.
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Photo. 1. Sampler for determination of
the oxygen in a bath.
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% Fig. 5 TL»H7. IR AT A
/
EHIAHT 3mmo AL KT §
St TR AT EICRITE L 2 G
7o ThedT ) X TEE e
1 FE o R %
_ LIFANRREED lm IR g
Wooden i cm o mare 1 oo {4
‘ ' { cover ODBLE TR L CTIEHH%
== =0 RIWL7z. kE&MEIC f .
[ e g LAY,
BHIR Al 0°5% (B *

Steel
mold
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Fig. 5.

Unit, mm.

OO

Fig. 6. Mold used in
casting method.
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HrAHE & RIRE ISR E O L 707,

3 WRT.
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%@%%% Table

-

/& No.3 DN EDHHEEE, MM ERED
HRLIC XD TEHAHDERE LRT 25 Bomb 2 HEgL
No.5 DfriE% O TENLNAKEZRETLDEHL &

& L7z

8w E DS A RS EEZ T

A L/) if:%ﬁ

DAL BEROERIIP S, TRV
(2) HRERNEO L S TE
FEEREHIE Table 4 c—E L Tx3.
F 7 EERDRBHREUC & 0 T H R RE % F—@EfT ¢ R
BT r o REET 52 EHSEBHIT & 2 BRI

Table 3. Comparison of the segregation of samples taken by bomb method and
casting method.
Fur- Sam- ['K]ndsf O: contint
' . ‘ : Chemical com-
nace pling of No. | position (%) Position of sample Position of sample in
type period | mold in bomb method casting method
method C|si|Man|l 1 2|3 4|5 6 | 7 8
- ’ : 1 1027|007 | 0°09 | a*017| 0°014! 0°014| 0*014] 0-014 0014 0016 0-017
Acid After A . S . a1 2t 1 (.
open pig 026 | 0*08 | 0°09 0 013l (64 015| : O‘Olé'
hearth | addition : | l | !
furnace i B. 3 0.25 | 0°09 | 0*09 | 0°013| 0°012 O'Olsl 0°013] 0°015| 0°016; 0°016| 0°013
; 4 025 _0'10 0°09 O.Ol4i 0°015 i 0°019
Basic | After A i L Jo.t6e!0%03|0°29 | 0023 0°021 0022 0°023 0042 0-036 0-038| 0-050
Ferro- "2 0*15 ) 0°02 | 0°31 0°026; ! 0°035 0029
open manga- | | | | i r
hearth | g™ | 3 014 003|028 - 0°031 0-024! 0°026' 0°035 0°032
Pstplivd se y : $ | 0°035 07032 0°031] 0°040
addition | By 4 [ 013, 0.02 | 0°29 ; 0030 | | 0°033 | 0°038|
— 28 —
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Table 4.

Experimental procedure.

Furnace type 1
i

Acid open hearth furnace

Basic open'hearth furnace

Furnace capacity

. Normal 35 ton

Normal 15 ton

Fuel

Producer gas

Reﬁning process

Cold charge lime process

‘Cold charge usual method

Kind of steel .

Medium carbon steel ;

Low carbon killed steel

Time of sampling u

Various periods during refining

Number of charge

Outline of various sampling methods

Vacuum method -

As mentioned above

Bomb method

Same as above

Casting method

Same as abdve B method

Suction method

A small hole of 2mm in dia. is made on the tip of suction tube
which is identical with vacuum suction method. On the oppo-
site end a rubber tube is attached to a lubricator.
dipped into molten steel, with slag removed, which has been ta-
ken with a spoon and then sucked up with the lubricator.

Aluminum has heen placedin the tube beforehand.

The tip is

Note: Casting method was method B.

‘Table 5. Relation of time in various methods (sec.)

Vacuum method % Bomh method Casting method Suction method
. Time from : . . :
Furnace Time of tube| suction tube | Time from suct- | Time from suction glmf bfr(;m suc-
being dipped| being remov-; ion tube for vacu- | tube for vacuum 1on tube 191' va(];u-
. type into molten| ed from tum sampling be- | sampling being ynm s::amp mg te(;
steel molten steel | ing removed to | removed to -the hlg e dmpve ti-
‘ to its being | the end in bomb | end inspoon sam- | san 1“:1 suctl
cooled in | sampling method | pling method tl?od mpling me
mercury : , )
Acid open i
hearth 6~13 20~40 2~-45 30~45 40~60
furnace | |
Basic open | | ’
hearth ) 16~30 20~40 : 2~45 30~45 35~60
furnace . :

BATE & L CAMREGEV . D> TAER I TIEEA]
& LTHEZREEE, Bomb ik, #idrkk X CRLTE
(Fo 2 LSRR THATERM A DA T — v X DR ETT)
DIEF &L, TES & HERNERZ 3o 07 1ERE
BN T 5 & L K BN L ERIIFATEE D29
DI DB E L. L LEORFORBIRIRAE LD
#He5E L CEIREE R R O KB LI ST ERELIRNIC L D
CRBELEaiLND. S ,

Table 5 L& RBHEIC & BEERIHOBIRE R -

E%ﬁﬁﬁx@%@ﬁ%m;&%ﬁ%TifGO@u

NT, BEECEWTHR T — /i & 5k CRRIEE
RAEC X B4 AU Th o T EENRRBRIZERIT45
BRETH 5. '

(3) ZEBRFER .

TR OREAR 31 BRI S RFOLHEIC &
ST R K OEE RS IR Table 6 iR T .
(4) HRBEOLE

W DR R b5 FRERE & E2 R L DS EDE
PR E ot R%y Table 7 Wi,

FEAR & b £ RE I X 2BMES IR Th S HZE
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Table 6. Effects of sampling methods on the value of determination of oxygen in steel

bath in open hearth furnace.

T T T
Refining ‘l Chemical Vacuum method Bomb Casting Suction
erio composition| . i . , method method !'method
) period ‘\ mposit “Welght Evolved Oxygen Sample‘ Total
v | .
IR : ' ‘Content/Analy- !Oxygen . Analysis value
® : i Sample | Co gas of- evol-| sis .
8| a C ! Si {Mn - ved CO| value %
s E | S cc gas % | % %
L] 0 .
=
= L B
8| 1t | Oreing per. 0'7910'05i0'06 13*3 0*11 | 0°CO06 | 0*0083 | 0009 | 0°Oll | 07017
‘é 2 4 4 0'4710.02@.05 10°8 *0°12 0°0008 | 00111 0012 0011 0018
; 3 { Liming per. 0'230‘05;0’06 25°5 ) 0021 0+038
b 4 | After lim per. 0'190‘06’0‘06 12°5 008 0°0005 | 0*0166 0°*017 | . 0°C20 0037
= 5 | Reducing per. 0°24/0°040°06| 10°8 0+03 0°0C02 | 0°0173 0018 0°019 0°030
§le| % . 7 07170030708 154 | 0704 |0°C002 | 0°QI80} 0°018 | 0019 . 02030
_‘é’ 7 v e 0°180°100°09| 16°8 0°05 0°0002 | 0*0197 0°020 0°01{9 |7 0*029
o 8 |Before tapping 0°19/0°27|0°52 9°5 0°02 0*C002 | 0*0159 0°016 0017 0020
g 9 Melt bown 1°02/0*06l0* 09 45 0°0059 | 0°007 0°029
) 10 7 ” 1°15|0°16/0°21 8°5 0°0051 c+010 0°015
© | 11| Before liming 0°61j0*02/0°06| 7°0 | 0718 |.0*00I9 | 00137 | 0%016 | 0°016 |.0°0I18 | 0°012
S | 12} Before Fe-Mn 0°35/0°050°07|  9°5 | 0°15 |0°0009 | 0°0132 | 0°014 | 0°013 | 0°018 | 0012
R §i§2§§f121ng 0°1100°02/0°13] 9*2 | 006 | 00005 | 00385 | 0039 | 0°060 | 0°053
<
ko 2 4 . O‘I4IO'OZO'13 80 004 00004 | 00308 0+031 0*037 0036
S 3 ” 0°100°020°*16| 12°5 0°0295 0036 0°046
- 4 Melt down 0'31] tr [0°13 ‘ 5°9 020 0°*C020 | 0°0133 0*015 0-022 0°022
5 ol B Before S.P. O‘19‘O'O410'20 66 010 0°0010 | 0°0214 0+022 C-041 0°028 0032
848 6 | Before Fe-Mn O‘ZOiO'OIO‘Ié 9°5 0*26 | 0°0020 | 0°0165 0019 0023 0039 0028
gl 7 “ Melt down 0°340°020°16 7°0 t¥ tr 0°0102 0°0l10 0°0le6 0°027 0°013
7 5| 8| Oreing per. [0°280°010°15/ 11°5 tr tr | 0°0138 | 0-014 | 0-018 | 0019 | 0°027
g 9 Before S.P. |0°24i0°010°15 3°5 0-02 0°003 00112 0012 0°030 0°027
M 10| Before Fe-Mn O-'26‘!O‘0110’16 70 O°tt 0011 0°+0089 0010 0027 0°037 0-028
Table 7. Test on the significance of various sampling methods.
. I
Furnace type Comparison of methods | Results of test
. Vacuum method 7n=9, d=0"0006, y,=0"0015
A%Saglgﬁn ~Bomb method _ t0=1"28 to<lt (¢=8, a=0:05) ’no difference
furnace T = - o
i Vacuum method n=9, d=0°0082, r,=0°0065, #;=3"720
~Casting method ty>¢t (p=8, a=0"05) diffenence exist
Basic open Vacuum method n=8, d=0°0126, 7,=0°0074 ty=4"796
p ~Bomb method o>t (p=7=a=0"05) difference exist
hearth i
f ace ! — :
urn : Vacuum method 7 =9, d=0"0122, 7,=0"0063 to=5°865
~Casting method ty>t (p=8, a=0"05) difference exist

BREEWCHE L TRV AR FR 0 B 22 JRIRE: &L Bomb
H eV 95% OFBKBEICTER L, T/hDPE 1T+
RCHEOPRERNDD. EEBWOHEIC L DT
WL OBRESTER L OBOHKBECE (Bomb
HAEIT X 5517) L ORI Fig. 8 DT L {EHZEK
BRI X HBEFITERIEROE L DHR X 7 v EE
L Si, Mn JtFORE, MEEECHEREZE
BhirEamns C—0 EbdTEVERIES S %

DEEZBLNDIZDBIDEIXDOVTRIEHRET 2 FET
H5. ’

(5) #HROBKE

LLEOEEREHENT 2L, 2) BUHFEFOBS, Bz
ERIRyEIL Bomb 7k X —E 7 22538AKE & TRBEL
PICFRE L — RIS AE N EEE LdT. b) HHEMTE
Poge, HERKEE Bombd ik, W3IE, #amkc
U TEEZTRY. ) RBEBRBCI W THRET 552
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Fig. 8. Relation between analysis value of
various sampling method and carbon
content.
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