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Determination of Oxygen in Special Steels by the Argon
Carrier Coulometric Method with Tin Flux

Fujio TSUGANE, Masataka KAMAKURA, and Fukuji Aovama

Synopsis:

The analytical method for the oxygen in special steels has been studied by the argon carrier-coulometry
with the addition of Sn metal drops as the bath or flux.

Since the analytical results often decrease in the order of sample dropping ;though the temperature and
other conditions are held constant, the effects of the properties of graphite crucible and powder on the oxygen
values are studied. More accurate and precise values are given by maintaining the whole}lheating part con—
taining the molten sample at an even high temperature during the operation. When the crucible shape
and its position in an induction coil are suitable, the use of graphite material with a large bulk density (d>
1:70) and coarse grain is effective to obtain a high temperature. The application to the samples with a
large amount of harmful element (Al, Mn, S) gives no interuption under the concentration of 1-6% Al,
3:2% Mn, and 0:5%, S, respectively. The determinations of oxygen in the most kind of special steels in—
volving Ni base high alloys are performed with a good precision [ex: ¢=0'7 ppm for JIS-SKS2 (¥=8
ppm), ¢ =36 ppm for JIS-SUS 304 (¥=71-7 ppm)] and the values obtained agree with those by the vacuum
fusion method.

(Received Apr. 5, 1973)
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19) Liquid oxygen trap
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1) Ar bomb 9) 1,05 Oxidizer
2) Pressure gauge with flowmeter 10) Na;S;03 absorbent
3) Ti Sponge 11) Standard electrode
4) Heater 12) CO; absorption electrolytic cell
5) H. F Induction coil 13) Glass electrode
6) Clear quartz reaction tube 14) Stirrer
7) Graphite crucible 15) Anode cell
8) Sample guide cock 16) Digital counter
Fig. 1. Schematic diagram of apparatus.
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Table 1. Four way layout method and factors.
Factor mark Level (0) Level (1)
Position of : 12 mm up from the bottom 5 mm up from the bottom
crucible M High (of quartz cup Low (of quartz cap
Graphite H SAD-AF (<200mesh) SP-2 (150~200mesh)
powder (made by Nihon Carbon K. K.) (made by National carbon Co. Ltd)
(I))rfizr;pmg K Formar half Latter half
Kind of L 1 * . %
steel K (carbon steel) 95ppm V (pure iron) 14ppm

* Average value by vacuum fusion method
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Table 2. Yield of oxygen with each condition (unit: 95).
Factor
?ic}))sl:xon of cru- MO MI
Graphite powder HO H HI g HO HI
Dropping order KO | k1 l KO | K1 KO | KI | Ko Kl
Kind of steel Lo‘ Lll LO] L1 | Lo Ll] Lo ! LI LO‘ Lol w LOI L1| Lol L1
Analytical result | 88-8) 64-8] 96-1| 59-4] 65-0| 39-8] 87-3| 78-1[113-6| 95-3[109-1| 98-5| 84-2| 38-3] 84-5[217-1
r =2 1435 83-6’96'1 51-6| 66°6, 53-9| 72-2| 86-7/102'5 92-2112-3'85-9}06-6'60-0 70-1| 84+7
Table 3. Analysis of variance.

Factor Mark Sum of square S Eggngn Off Mean square V FO
Position of crucible M 3200 1 3 200 3-55
Graphite powder H 1 250 1 1250 1-39
Dropping order K 1105 1 1105 1-23
Kind of steel L 1378 1 1378 153
(Interaction) Mx L 1958 1 1958 2-17

N Hx L 1 985 1 1985 2-20
«( 7 ) Mx K 603 1
]confound
( 7 ) M x H 155 ° }22524 1 901
Error c 21 769
Total sum of square St 33400 | = F' 25(0°05) =4-26

DX Sl orh, EERS X OLZEEROR RS
B Flosee & D/ BiERRL, #HiteniaEl
BT ER,» D Thbb, MOERCIE/NF7Y*
BEBPITKENTEBHALPICE D/, T2 THEER
NEE XS0, HENCRBE TRV, HWiEE
TT &R ENT S RO X S EmBL bhs (Fig.
2 &) .

(1) B2oIFAEE [F) OAPBVEIRERZRLT
V5.

(2) BE48¥5k13 [SAD-AF, <200mesh| OFHA
s AR 7o 7.

(3) HAJETHE Y] 0APELE2TWBERT
— 2 — P ERCEED L OB DD LT H
EHROBEREELEETD L, EEBOMBETIT/A
[HIZ X BEEIRIFTH D7

3.2 8 BELEY Sn 75 9 5 FEOKRT
RO & B D WL OrDHWEHFZ 2T L £

25, N5V ERKELEE LS EIE SR ,»DR
OTHAMBAE LTELE Sn 2FAT5EBR 2 T2
7.

3.2.1 Sn Bk

whns ik, SWEBENCRIRO&E Sn (O &5/
#®EH 9:6ppm) % lgiimmml, 5~6 {EDOHE L 5T
L=tk 51T 1g&ALT, #HE0iE 5~6 @D
S¥ERFTIE O, Thit X gk REMOVWTIER
FHERBE L EBTEBLSTK2KDT, 2, 30
H% Table 4 il L7 Sn BOBEICX2oTHFE
DEHHPEEFMEOECE S E, BEFEEZDES LH
LT EHERBL LN B.

3.2.2 Sn 75y ¥ AR
BEBRECHETE L E2TWS Al, Mn 2&5F
FTHREHUCDOWVWT Sn BEFEARLACL A, BARK
LB 2 TCHITE SR L, R HoRER LIrE5NK
ot ZREHLTSn 275 922 LTI RET

— 110 —



BMEBFIELTCTTEZAVE 7T AL VREZ — v VEIERIC X 5 RHBOBRES T 1595

110 x X~
/ \\\
y ~<
/ ~x
’
x /
100 < 7
~ /7
~ v
\\ 7
— \\ //
?f 90 X xl
80
o/ \0
70 9]
| I ] | | L
SAD SP-2 Former half Latter holf K v
(a) Graphite powder (b} ODropping order (c) Kind of stee!
Rermark {x ————— > L(?w crucible position
O High .
Fig. 2. Interaction of several factors.
Table 4. Effect of Sn bath for pure iron and carbon steel.
Mark Kind of steel Sn bath Mean value Standard deviation Vacuum fusion
method
. N 49-0 59
13 Pure iron U(s)e 59.3ppm 3- 7ppm 61-3ppm
No 229°8 16°6 .
12 ” Use 2298 9-2 232°3
No 894 261 .
K Carbon StCCl USe 91 ,8 1,0 94 7
- : No 458 54 .
10 JIS S 15 CK Use 511 3.9 522
No 50-8 82 .
3 JIS 8§35 C Use 58-3 3.5 655
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Analysis order of specimen

Fig. 3. Comparison of Sn bath and flux on high
Al or Mn containing steel.

Analysis order of specimen

Fig. 4. Analysis of Ni base super alloys by
Sn flux method.

the

Table 5. Characteristics of graphite crucibles and powder.
Mark Bulk density | Size of grain or powder Ash Specific resistance
YAD-BF 160 <0°15 mm* <0°002¢2;, 1 000p02-cm
Crucible PCL-BF 1-65 <015 <0-002 1 500
AL-BFG 1-70 0°15~0°-60 <0002 800
YAD-AF-300 0-19 < 300Mesh <0°005 —
Powder YAD-AF-200 061 Za 3822 <0°002 _
. 100~200 30%
Sp-2 0-57 <200 A Tr. —
* The size of raw material before calcination
Table 6. Dimensions of crucibles.
Dimension Outer Tapered Inner
Outer Hight . Depht portion )
“diameter No diameter at bottom diameter
Inner
>l diarmater < mm mm mm mm mm
N ST ! 52 26 37 5 16
NN
) N | 5 1—1 52 26 42 16
N N - 2
N NES®: i
N NEES 2 | 62 26 47 5 18
N N : k
N N | &2 T I
N N 2—1 : 62 26 52 5 18
J NETY ~ ;
a |
\ N 3 62 | 24 58 | 5 17
4 62 28 52 5 18
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Fig. 6. Effect of crucible positions on the oxy-

gen value.
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Relation between crucible position and electric power at 1850°C.
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crucible; YAD-BF powder; YAD-300 Sample; No 15 SK2
Fig. 7. Influence of the shape of graphite crucible.
Table 7. Analytical results with various kind of graphite crucibles and powders.

) ) Std, val Std. val
Graphite | Graphite Sample No 15. SK2 l\6;ppn‘17a ue) Sample No 4. SUS304 74.2p\}l)ar.nue)
powder crucible n x Riox g n % Rax o

YAD-BF 9 Sz‘gpm ]gppm ppm 9 75‘gpm zoppni ppm
YADAF | PCI-BF 10 54°5 15 — 6 7221 | 12 —
AL-BFG 10 62°'8 9 2:7 9 765 6 1-7
YAD-BF 9 578 19 —
YARSE | PCI-BF 10 583 19 — — — — —
AL-BFG| 9 66°'6 8 2:2 —
YAD-BF 10 641 6 1'9 9 740 7 2-1
Sp-2 PCI1-BF 9 64'0 9 2'9 — — — —
AL-BFG 10 617 8 2-4 — — — —-

CIEMT5X5kb BB 605, L LITESHE
D 15~259% o Sn L2 dDTL, B01F, B
KMHE, TOSTWEENREDS LR +HERL»E
LRI N ERBHODT, BimEkE C 8FERLD
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FRLEEN DS fafEIC I TS 2 L psis
TES. —F, HWEMEHET/ N5V F23KEF < COHY
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CIERESTT2RIINALY, BRCTEY LEA KD
BB T35 CERED, ETFEMBIRX>TKRE

<Ry, ERThROFEHRESTIE C SHEIS
<, 50% B $TRELTWVWS. Sz EE Sn,
BIUCHELLBEB LY BERRT 555, SHIE
BILONTLEELDN T  ADBRANCEFTROF WER I
DB LT, DBOREA L THOBIS LREGET
TREBHREBIL >R EELOLNRS.
3.5 BERME~OHEA

AMIAETO Sn 75 v 7 Ak, BEDHOF, Bk L
ORFNERCESE, BEBEETL CO ¥XORR,
Wt FEOSH5E Mn, Al &6, & Ti 468,
mSERM BEZEEFPI ST Ni £54&ME~D
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(B-1) Density of crucible
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= 40 4 Powder : YAD-AF-300
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Analysis order of specimen
Fig. 8.
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Powder; O SP-2 @ YAD-200 x YAD-300

Fig. 9. Variation of electric power with the kind
of graphite crucibles and powders.
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30 |-

) 1 i 1 i
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Analysis order of specimen

Influence of bulk density of graphite on the determination of oxygen.

Exbhd. EESWT2HET, & Mn KOS
#, & Mn RE% 2 ED ESW LIBEEHRLCHE
ST 55, HE5VRBEERELTCHITLAESE BFk
HEMABE Sz (Table 9).
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EEBRETCIRREML ES 2S8R &R T5ME%:
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LR Tn59. AEETHRRLBEROE 5 I RedkE»
H5OTHHTR LGSR L OMlicFig. 1 ITR LA
EL7y PEMBLTONETAVEEBRIE S B L
T Table 10 OERBEB ORI Fio, BEBELS »
TR EI NI L EL LN T AR KL, SR TE
{b, HIE L7eBMAOR G4 Shisrork. ko
g, HHRE» 2T EREZLN5DT, v v TR
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BRAOEEE X —HLEBEEZR L. Lo TEHE
B Ihirdm S &FHAETDH, ¥05% s TCofBE TR
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3.5.3 & Ti 2445

MBESE SDEHEMCE Ti 2T 5 2 E58% 0.
EEDOFEEK X548 Ti ® OFHic >W\WTik, Fe-Sn
BEERTIHFEPCI VBRI REERSE LR TY
5. ZoBEs TIEREBED 9% Bl EicicoTwb.
FAMTHATRD Fig. 4 X5 2~3%Ti #&HF
3 % Nimonic 90 ($a{l) TRIFZENEBSI TV 5.
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Sn Addition

Corbon steel

X Sn Weight ratio to sample.
l I L |
50mm: ———

Sn Addition S 0 Y%

17 Y% 51 %

Alloy tool steel

Photo. 1. Aspect of residual metal in graphite crucible.

| Flaky

Aj; Evenly melted.

B; Even[y melted but separated in two zones.

C; Abnormally melted and separated in block zone and
even zone.

" Fig. 10, Aspect of residual metals. in grgphite
crucible.

FEZRED, BEEN—Ic LTI §FREMA 5 2 & 28
VDT, FEAFMERLS AR TEDL LELLNS.

3.5-4 KEEEHH

O&£HZEH 10ppm BEOHETIE, o
OWEEF e W0 X D155, 5V, GO T 52
{H7% EPBREDER &L w5 Re S H 5. HEEH L i
X BI5HREIRL 720, HEhEb —F 5 2 ¥ LA (No
400) THIEE L 7-%%, THHAETHET . Tk, 77
v O{EEIRD b B OIT e SR A EE LT,  3hr00
min~3hr 40 min & L, ZifRFOZEERIE 1°5~2'5 #
v b /min (VA9 b=05pg BEFE) BiELN.
BEANT, ZRAEIOBARNIZ Sn 0-4g 2imMLC,
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Table 8. Relation of analytical results with the aspect of residual

metal in graphite crucible.

Analytical results with std. sample Aspect of crucible
Result With the C2;, of residual metal
Sample dropping Aspect* :
n z Ruax order Top Middle Bottom
ppm ppm
No 15 SK2 9 52-9 14 Decrease C 45 85 6°3
No 12 pure iron 10 2457 18 No change B 44 — 58
No 15 SK2 7 45-9 23 Decrease G 4'6 48-0 —
No 15 SK2 9 58-8 6 No change A 5°1 50 5:0
No 4 SUS304 10 66-4 16 Decrease C 51 22-1 77
No 15 SK2 6 48-0 15 v C 6-2 36°1 8'9
No 15 SK2 7 50-0 19 v C 64 469 8-3

* Refer to the symbol in Fig. 10

Table 9. Reproducibility of oxygen value for
Inconel Metal Filler 82 (modified).
(Containing 3-29, Mn)

Unit ; ppm
Sample No
Order 1 2 3 4 5
of analysis*
1 377 144-5}125'8 | 335 16°6
2 36-5 ]394 |27-9|32:5|12-7
Difference 1-21 5-1 2-1 1-:0! 3-9

* Second specimen was inserted after two samples of low Mn %
analysed following to the first one.

HOPULDFEH A THZ & & Lic. FMEREITCD, &E
EiR, Ni ZBEWEHEGEC >WTE LN R % Table
11 TR L7ehs, SRELRIFTHY, EEHR K

3.5-5 Ni &&&4&ik _

FERIBBMA I T OV TERRRZRD B 720, Hik
R LI 2 fi s o7 i3 cic Fig. 4, Table 11
KRLIEEDTHSD.

Mn 3-29% o Inconel Metal Filler 82 (Jf8l) Tlx
AR W DB 254 B b 23, Al 1°6% o
Nimonic 90 (JE{l) T/ BIFLHEEIMB LA TV S.

LI, FFCO>VTLERSITE T, € Mn 551
BEZHTCHMTERERREZRRLICY, B2EXT

SWT 5 L ERENEIET S Z Lok, (Table

9) fhoBI OV T HR—FE 2 M 2 B DR LS
P L7k RE Table 12 L7, WIhoOMELH
B L W TED 2 Laibhofe

XooMEE DXL —HLTWS.

Table 10. Analysis of high S contaning steel.

Kind of Mn S Proposed method X;ﬁu;gtég&
Mark | rent I S Sn fux | Tia. O, | Mean | Standard I
stee conten conten trap value | deviation | Mmean value
%o % g U 41 lz)pm { ?pm ppm
P . N . . . s€ ' ) .
S6 AiSi 416 0-84 0-489 1-7 0-30~0-40 No 408 1-4 39-6
. . . . . Use 766 4-3
S9 7 1-26 0+393 3:2 0-45~0-60 No 80- 4 13-8 —
_ oo | , el use 210 1-4 _
-S20 4 0-86 0:312 2:8 0-30~0-45 No 20°3 1-3 19-9
Q: . . e 2l ne. .an.| -Use 252 43 .
S10 .] AiSi 303 1-61 0-456 3-5 0°45~0-60 No 95-9 2-6 23°4
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Table 11. Determination of samples with less amounts of oxygen.

Proposed method Vacuum fusion method
Mark Kind of steel
Average std., dev. ¢ Average *% std, dev. ¢
Pure iron 4'3 (n=17) 0-2 5+1* 0-7*
v 4 121 (r=17) 1-0 12-7 1-6
9 SKD 1 11'4 (n =11 0-3 11'8 11
SKS 2 80 (n=28) 07 — —
Nimonic 90 (modified) 95 (n=10) 1'3 — —
* Quoted from literature.lﬁ;
Table 12. Reproducibility of oxygen value for Ni base high alloy.
Unit ; ppm
\Kmd JIS NCH 1 920Ni-5Mo-Fe Series 20Mo- Nimonic 90
No Sample. No
of analysis.* ! 2 3 ! 2 3 L ! 2
1 78'9 112-2 7+1 13-0 64-2 26°3 9-8 16-1 10-8
2 80°3 105-4 4-7 13-0 616 22-2 -7 18-4 15°3
Difference 14 6-8 2-4 0 2-6 3-8 1-9 2-3 4-5

* Each analysis was performed independentely in different operation.

3:5-6 ZIMEE~OBPBRHER & EZEERIE & O
LECDOERBR» S, FHEOBEMIGME & SHTRE %
sked, EZBEREEEE & et LT Table 13 7R Lcas, 1
CAELMEE DEEBRMEL X< —H LRSS S
h, i, SFHELIRSECRIVBRFTHS T &2
Shhbhb.

4. = =

4-1 Sn FhnOHE

Sn REWERITII o 4R ELTIRNT B L, BEbE
Fin B CO ¥ AR EF T SN BIFLEFEESE NS
ZEMBBELHIICIED. BE COFTMBEGETHE
W& LT, BIBOKE, B0, CO ¥R L&BEHR
K[OG, FERS EOLIBHEFERED CORFER LMD
Fonsh, SHAEBHELLT, a) BEORENRRE
DHDFPEERLDHT L, FXUb) FEFE L7 Sn HBAl
Mn 28U &BEERD COBRBEXHIETHZ D2 D
BT ohsb.

4-1-1

Y, Sn iIMT X % 5 0iFB B 0ELE» B & (Pho-
to. 1) Sn 2B LAVEER, BBERMITRMEOR
BWENBL, 2OEERICEROBENKLL, LK
LIEBh T momitsni onic. —%, Sn 2imt
2759 2 RLLTCHERLABAR LA, BEL

TE2g BE L HER L» 28 THIRALE DK
EARL D, &EXRMEDbh, Qo KRGS H5h
T, 3O ORELHALIIKEBS LTWS.

SHEED Sn DB DITHIT R DRERE XD &,
B H— TR BRI RT 555, Sn ik C BME Bl
L soTion, Ciafigd (Table 8) sl Lk
LZBRD X D DL ¥EMEMRET L, Mtk s
bOLEXZLND. ERB5DIFDOBENSEVOTHERA
MERORMB DL - HHT 50T, BHKRTHE
LTHRAREB O+ LIBRREETD 2 2087 <k
5. Zholx, Bl bF4E L7z CO ¥ RoiicEF
HERFETHY Table 4 THLNS X5, REOLE
B, oW LICBEosEDOLEEN Sn MBI X
TP L, BRELLEGIEZRT X585 2E,50
BT 5.

4.1.2 '

70, EFEEBC XD CORBDRHIEIT DWTI,
& Al Mn #0454, Sn #BEETIiz CO HiH2R5E
2TH5H, Sn 75 9 V ABETRELHBEOLWHE
BRELATWSZ 5, FRBCHL—EEERL L
D Sn ZEIRECIFINT 5 &, Al £7213, Mn EFEER
X5 COBFEZBHIETHZ ENTELEEZLNS. F
bbb, Sn KB THICRAELT, FENE, HFHE
AERED Al, Mn OERBEGBHBHLE Y, HHVEF
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Table 13. Comparison of the proposed method and the vacuum fusion method for special steels.

Unit : ppm, 7>10
Proposed method* Xiﬁﬁgﬁ fusion

Mark Kind of steel Remark Mean Standard Mean Standard

value deviation value deviation
12 Pure iron 238-4 2:7 232-3 75
13 Pure iron 59-3 25 61-3 3-0
\% Pure iron 12-1 10 12-7 16
K Carbon steel 91-8 0'5 94-7 —
10 JIS S15CK 530 0-8 52-2 2-5
3 JIS 835C 0-7% Mn 630 2-6 655 33
14 JIS SACMI gjgjﬁ; Mn 304 2-3 29:6 3-0
5 En 15 1'69 Mn 50°7 2-5 51-2 1-4
9 JIS SKD1 11-4 0-3 11-8 11
20 JIS SKS2 8:0 0-7 — —
4 JIS SUS304 1°29%5 Mn 717 36 742 3-5
A JIS SUS316 1'62, Mn 146-4 10-0 152-0 —
2 509, Ni-Fe Alloy 190-0 77 1966 66
Ad gi’athésig?ng alloy 21°6 12 22-6 B
A3 | Llloy sied o 10°0% Mn 536 41 -~ .
Nimonic 90 1:62;, Al 9-5 1-3 — —
S6 AISI 416 8:23@6h§?'h4n/8==1'7 40°9 1-4 39-6 —
S9 AISI 416 éjgggshgy Mn/S=3-2 78-7 6-1 _ _
S20 | AISI 416 8:2?26“§§ Mn/S=2"8 205 18 199 —
S 10 AISI 303 5:2;‘;)’18“ Mn/S=3"5 252 26 234 3-7

* Each specimen was analysed independently in different operation.

EHELT B2, CO MBS TELICITEbhE LD L%
zZ5h5.
4.2 RR3DF PROBE

TS URBIEC X DEBEFW TR, BESHEIH
UELRITFRIEB L VAL ) o FIT X BB
5. ZhiziBeho C EODYRRGERRE S CO £
FIGOEEHRM L7005 2 E2BRRT 5190, ZoO%E,
BHBOCRENSFEETHDZENEZT LY. Thbb,
BENMRTNTO DBETLEEIEL XD, BERMTHD
LALE D CIRILE DT, Rk 725 LS E
CEEEYS525. COXS5TE28NBHEE—KIT
B0 H 5B BERECRGT EDTIIEHDEOE, B
KOME, BkE XX OIMBIRENKREBRERZTH S

z kb b.
IHNODRICEELTERBREELDDERDLD
Wi b,
(1) Z2OERER [T THWERRLL B 1F 1T 7k
D, MMEBENHBKE V.
(2) 2 OEDRAREARETHED/HE WY No2-1
BRGESIEEZRL, FIEBHINKE V.
(3) B52OFRHEDOAKEV AL-BFG 2 X 2T, ¥
ED X WG ERE S, FTEEN RS V.
(4) PERTWE, E, WHELICKEW SP2 ff
A X O>TCRERGIHERETL, KEVWVEN%E
ElLi
LDX5, RFRSERE{\LIOOEEE L
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LT, 520F, BKMFEUCEH, Bt SD5480T
T, EHOKRENT ENDBTFENS, —E DO &5 IA
B, 1850°C it {Ri%T 5 - b DE N AGM X o THEm
5, HNRALMA QAT £ CHIBHSIEA D &
EETHRT S, Zhid, 52FFEN 7L ITRICE DT
HCBHAINTWHZ L L ERTRELTSGMHLE
bhd. ZDXS5X LT, £ROUMBFENLKEL LD,
L DIEDREDE NS b DT, HREHRARORDERE
HC X5 CibEOWH, XY, Thick bl 55
REML ELHILEINT, BIFESHRERCOENS D
DLEZLRS.

5. & =

FUTRE) — v BRI X SRR OB RS
FHEEBEFL>EDX S RIC k0.

(1) VArBhElE LT Sn 2ERL, £,
wat 15~25% (Kl 2gizxfL, 9 0-3~04
g) BT 5D Sn 735 o 2 REKIT X 2>TRIFS
FEEBE S ,

(2) E85-21F WKL EOMHE, ik o B 5t »
5, 5 DEEREDTMBARLEOBMBENKEL,
RARB 2R Y —CEBCHERETE 248238
ETHULEDOHDL Z LA LPIT D

(3) = Al Mn &%, & Ti &6, BS&H
i, (KEEEEHW IOV N EZB&eHMBos
WAHEZBRETL, BEDXWHITEBE Sh:.
WAL BHE U, Bl X0 Ni %
BEEME ORI S T h ERIBEIERE D —
L, HEOXWHITEDE LIS T 2 LM
Lofz.

AFEOHEIH L, REE CHTT 0% LA
WO TR, I ZREFR s 5 M & T &
VREEE L. ERERKRAH PHE LN
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