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Determination of Oxygen in High Sulfur Containing Steels by

the Vacuum Fusion Method

Synopsis:

Fujio TSUGANE and Masataka KAMAKURA

When high sulfur steels were analysed by the constant volume pressure measuring type vacuun fusion

method, the sulfur gave positive errors on the determination of oxygen.

The CS and CS; gases were

generated by the reaction of sulfur and graphite crucible and then extracted together with CO from the

crucible.

These CS and CS; were oxidized by the oxidizing reagent in the system and CO; and SO, were

generated, the volume becoming two or three times.
sulfur content was about 0°19 in ordinary samples.

Of the sulfide generation the lower limit of
To prevent these errors, a circulating system

containing a Liq.O, trap was newly set in the apparatus and with it the sulfides in extracted gases

were separated.

Thereby a good analytical precision (standard deviations were 37 ppm and 14 ppm for samples of
34 ppm and 1355 ppm respectively.) was obtained on the determination of oxygen.

The components of the evaporated-condensed film on the inner wall of reaction tube and the resi-
dual metals in the crucible were analysed and the reaction mechanisms of evaporation, deposition,
adsorption, and reduction of extracted gases and metals were discussed.

(Received Nov. 24,.1970)
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Fig. 1. Block diagram of circulating system for condensation of sulfide in extracted gases.
(const. Vol. press. measuring type apparatus)
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Table 1. Composition of gases.

Component H | co N Co,
N @ @ | oo | @
co l 10°5 ’ 851 | 43¢ | —
N, ; 10 | — | 981 | 054

CS, Rtk BT .

INBEHBESLTHAERy btk VEBERNIIBAL
EERSHR CHAREERE 5 » 7ic CS: o Mi%ESE L <,
BEESW L7z, T, CS: U, BELT, X0
RIGIRGL & AR & B U7z,

i3, CO FsX W No ZEESENFRIGE L T e S
NBZEENL, FY) -2 ErbRETET I 7L
HIEEED BTz,

Table 2 [ZHZBEBH 2ADHWHERER LK CS &
o H 2 X< HEEENTW5. £4 CS 2ELTD
L, LT, CO; SO, %5 2 ENPELRITK
of. Thbb, CS: 240 MR TER LSS, BEST
R F v — Mmoo nsg (Table 2 B X7
Fig. 2).

Table 2. Determination of CS; mixied gases.

After separation of CS, ‘ Sases condensed by lig.
unit . mm 011 | 2 trap in cxrcx_llatmg system
No | Gas component ‘ unit : mm oil
p |l Pl P H |col N, "p, P,| p,lPo-P, PPy Pl
1 | cO+CS, [330/31-2| 34| 1-8|278| 34 E11-5246] 01| —13-1| 245 | 0°1
2 | N, +CS, |46:0]458|458| 0-2 0| 458 |EL11)23-1| 04| 120 227 | 04
3 1 N +CS, [40°3/386|369 17| 1:7| 369 | 298 65:2| 02/ -359| 650 | 0-2
4 . Air+0S, !37:4 35 36:3 | 36-1 *ﬁ 1-1 ] 0-2 03%;%“2{1-: 6-36 10-0& 0 —3%7 100 | ©
3 t u‘ 3 | | |

# E=Expansion volume was used in the case of much volume of gases.

P,,P;’: Oil manometer reading of total gas.

Py, Pyl ” ” after CuO oxidation and P3Os absorption of H;O.
Py, Py - . after condensation by lig. —O3 trap.

namely P;-P;=Pressure decrease proportional to H content.
Py-Py= # ” O content
P3;=Pressure proportional to N content.
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Fig. 2.

Pressure change in determination of CS, mixed gases.

unit: mm-oil

(Recorder chart by Pirani gauge)
3% released from liq. O; trap in the circulating system.
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Table 4. CS; content in extracted gases.
* Vol.%
. S (%) .
No Kind of steel Samplin, CS
Content pung Contgnt
10 AISI 303 0-354 After separation of sulfide 0-022
S§c2l Pure iron (g;'ildi d) ” 0022
Std. 035 .
4 JIS Suu27 (added) a4 0:015
9 AISI 416 0-393 4 0-063
12 Cr l\ggee}/ 0-106 The whole gases extracted 0-104
* (Calibrated fram the data obtained by mass spectrograph.
Table 5. Determination of O and condensed gases on liq. O, trap in circulating system
for steels of various contents of Mn and S.
Determination of gases
Mn/$ condensed by lig. O, O content
No Kind of steel Mn S e trap. mm oil Average | Number
S o ratio Std.
(%) (%) . ) r value. of
Pl P2 Pa . de\ﬂ
ppm specimens|
1 13Cr steel 0-21 0-328 07 21-5 34-4 0-3 71°3 3
2 10Cr steel 0-36 0-314 1-1 17-8 28:8 0-6 2075 4
3 10Cr steel 0-37 0-312 1-2 63 9-8 0-1 466 3
4 11Cr steel 0-54 0-358 1-5 155 20-9 0-6 683 4
5 10Cr steel 0-47 0-305 1-5 11-0 16-4 0-2 47-3 3
6 AISI 416 0-84 0-489 1-7 14-2 19-7 05 107-0 2
7 CrMoV steel 0-20 0-111 1-8 6-5 7-9 03 85 6 1-4
8 AIST 416 0-86 0-312 2-8 8-7 12-0 0-2 20:0 5
9 AISI 416 1-26 0-393 3-2 3-4 4-3 05 522 12 6-0
10 AISI 303 1-61 0-456 3-5 3-0 3-0 0-6 34-0 9 3-7
11 13Cr Steel 1-15 0300 3-8 1'9 1-7 05 355 5 5-8
12 CrMoV steel 0-44 0-106 4-2 1'3 1-0 0-4 135-5 6 14-0
13 CrMoV steel 0-73 0-136 54 0-3 0-3 0-3 67-7 3
14 AISI 416 0:96 0-156 63 20 0-9 0-3 48-5 2
15 AISI 303 152 0-192 7:9 09 0-8 0-4 31-0 4

BEE : 1~2g) i LiH 23 EESHRICHEL,
WERE NS » PERBLT, Wb & 24 L,
SWRCBELTER LR F/h, B » FICEE
Lichibiib & e B L, SR CcEML, HSBLTE
OFEBFAE LGRS Table 5 TR L, OF
FHEIZDWTIE, NSV FDLRWEEEL 5 5EXES
nNTwb., SOEEBCOYNTLELESEEFEENEL TH
SILEMORELHRTERVEEND D T Eibro
7. T7bh Table 5 O} No I~9 = Ti3iEEe
WMFELT v TREAAOEERT, PP EichihH
HARCHHILWEEETH &xbr5b. Noll DgT
NZOBRFIHAOLNTHRAED T 7 FBECALLR
{LIEEDLREV. ZOEIEDWT, BRF0S &,
S#L DL IFERLTITEEM OESEETSHD
LEx, Mn/S 542D GRiLH SRR Rakd s &
Mn/S<3'5 TH 5 Z L psbirDfz. Xbic, Table 5

P OHILHRELERTESTIRO SEFRITL 0'1%
THo

E7z, ERNER LT v TORE S 2 ERITEL T,
¥'5 B2 F v — MCB b, FHiS0iE

iy, BIEC CS: BENAGWORR LX< —HLT
w5 (Fig. 3).

3.4 EFHEIRCSERMLIEBS

IEHEEEHT S 2R L C LRSI AR X 5 O4#
E~OEELFARL, X Mn/S HEOBEEZES
PITT B, HNIEHE 3 EEE SRS, v e R E
FEL, Mn/S kb3 35 G2 XSk SE2EmLA.
¥/, SOLOEEPFADDICMn 2&F /- HFigk
HLEREDD L L. ER% Table 6 /Rl
%%, TOWWEITE Mn/S |3 40 T S{LEMHE
Eh, FRMEKCOVWTEEOBRELNITRIXISEFR
0°05% T o7z —fRIC STEMEBITH LT {bmERE
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Extraction of goses

from fusion furnace

N

Exp.
A=100
Oxidotion by CuO  (after sulfide separation)
£=100 Condensation by lig. Oz
A=17 (__
COz exhaust j‘
R'=178. o
Ozxidation by CuO
(Goses condensed on liq. Oz trap )
in circulating system.
£=286 Condensation
by lig. O:
Sample No 2 y 1q. De
- R=0%6
co — —
Exhaust { * S0: ™

— e h— ———— — —— — — — — — — e —— i — o o — — = oot —

Extraction of gases from fusion furnace

Exp.
A=90 D O"ig;“%’so {After sulfide separation)
A=90 r Condensation by lig. Oz
' )
R=32(__

CO2 exhaust

—

R

Oxidation by CuO.

{ Recorder chart by pirani gauge) unit: mm-oil

(

Gases condensed onlig. Oz trap in )
circulating system

Condensatim by lig. Oz

Sample No 6

AR=05

Exhaust { CO: =55 N

Fig. 3.

Pressure change in determination of high S steel.

(Recorder chart by pirani gauge) unit: mm-oil

MEERHRBOBE I VS ED2TVWE. LB IDFERD
O #ffE% Table 7 WwRLA. WiFhd SE2EMT S
LOSHHEREINT 2 MR HLNRE. Thbb,
No 12 §#lighCVvx SIFEE 0°09% Ll kT O4HTEAHEAn
T A@EmA R LN, SHEMEDSZWBORBTHT T
BinL T OSFEO#IME SIRmEC b bT
PREZLC—ELTWDIH5Bbhd. chbO054
{HOBINIRNAY TX5FRES—H LTV 5.
3.5 REBESIUHBRARBREICDNWT
BSERRE 2SI LR R T 5 FENEDIKRE
[Ex X OH 250 ZEHBRNEREE&B oW T Fe,

Mn, S R EXOE&REHSE2HHTL, THhEhOFEEH*TAE
L7t F% Table 8 ZiR¥. R okfFHOLIDORIE
&1L CHH Lo, Table 8 Mn, S &HFREFh
FheamBoERE, 282, OHE LTk RESET
»5.

3-5-1 ZEFBSHTEER

B SEeAAE T, SHtho Mn, Fe L EEFL
SEHRBERICHEYESAIND LDk, &
BIESETRD S AEHIRTCEAHIBEL D WIIESEFRD C &
HERbA R L7z CS, CS, ix FAHRRERICIFENEDETS
BiCiEht, SRLTELEBEORILMER>TBEELLD
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Table 6. Examples of analysis for S added standard samples.

After separation of sulfide. Gases condensed by ligq. O,
No Sepc S¢, |(Total 9| Mn/S mm oil trap. mm oil **
PC | added S ratio ; , ,
* P P, Py P, Py Py
JIS . . . } . . } . .
3 S350 018 0-189 4:0 34-0 32-1 11-1 24-6 42-1 07
v [Mn07%) g.90 | 0-209| 35 |E 71 70 23 121 16-0 06
v 4 0-23 0-239 3:0 30-0 285 60 12-0 19-9 05
JIS . . . . . . . . .
4 SUS27 0-31 0-327 40 |E 135 12-4 8-3 6 l' 7-2 0-4
y (Mn . . . . . . . . .
7 1-2495) # 0-35 0367 35 |[E 132 12-7 7-3 6-2 8-3 0-6
” 4 0-41 0-427 3-0 |[E 120 116 8-0 80 97 0-1
12 |Pure iron | 0-04 0-049 — E 97 9-1 0-4 1°4 1-9 0-2
(Mn . i ) . . . . .
” lo-o1gp) #| 009 | 00099| — |E 80 7°5 01 4'6 48 0-2
4 ” 0-19 0-199 — |E 12-8 12-5 05 68 7-4 0-2

Py’ : after CuO oxidation of trapped gas. (CO,+S5S0;)
P3’: after condensation by liq. O, trap. (blank)

Table 7. Variation of O values with the S addition
for standard samples.

Standard
So, Average value value
No Spec. added ppm ont- [ Std
ent dev.
PpPmM; ppm
Pure 0-04 | 246-1 (n =5) | 242-3| 5-31
12 iron 0-09 | 260°1 (n=6)
0-19| 263'3 (n=6)
JIS 0-18| 547 (n=4%) 50-9/ 1-93
3 S35C 0-20 1 547 (n=4)
0-23 | 59-1 (n=6)
JIS 0-31 770 (n=3) 60-7| 5:26
4 SUS27 0:35| 792 (n=3)
0-41 778 (n=5)

DEFELLND. EEBESWFER%2 55, (Fe+Mn)
S (Fe+Mn)/SEEL=1'7 TRWHDIEL KL,
Fe, Mn 0 £EMBHibHcizoTwbsbircliitv o &
ERLTWD. EKERERH DB E, Fe, Mn, S »45¥A
CEXEBL T35, TOEBOEMIZRSDER
RIZBRELRAC LS T2 T\w3 Z &5 Fig. 4 05
b, ORI, KOWEDT, Mn EEERLOD
BERCHERLLSHIRIC L DT, 3 5~B8%DHMTE
BLTWDZLEEPIL, $EBREIRLLLVOR
it 2Tw 5.

3-5-2 HMARNEELEOSITRER

Mn 5 XU SOEZERIEZSLD L Mn 3 90~97%,

E =Expansion volume was used in the case of large gas quantities.
** P': Pressure by gases trapped on circulating system. (CS+CS;)

®:Fe~S -

X : Mn=-S

ratio %
Condensation
ratio %

Condensation

o Mn
o
o Fe

4 04

[0} 20 40 60 80 - 100%
S condenscotion ratio

Fig. 4. Relations between Fe, Mn and S con-
densation ratio.

St 96~98% DIEFERZIRL, HIBRITEA IR
B Mn L SORESBERRE LTS T LH58H
LTIz otz L bERBRIERSOERRCEFRE
—FBFWALZTRLTVWSD, ZhHFTHREDT Mn %3
M 66~70% DOEMHENICH D & &—F Li-fHERNC
DTS, KR TEFE BBLM CELE DTVED I
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Table 8. Analysis of condensed film on the inner wall of furnace tube and residual.
! - A) *
Total | Mn or S content On the condensed film
% % (B)
No Kind of steel san.lple ’ ? Condensed weight of metals
weight Mn S (mg)
Fe Mn ‘ S

12 CrMoV Steel . . . . . | .

10 AISI 303 11-47 117 | 0-278 31-80 | 733 6°60

15 AISI 303 ] !

14 AISI 416 12:61 1-01 0-157 79:80 9-33 14:40

13 CrMoV Steel )

14 AISI 416

13 CrMoV Steel 13:95 0-84 0185 11735 6-33 16-38
T 12 v

11 CrMoV Steel

10 AISI 303 18-62 1:04 0-347 82:70 8-77 22-23

9 AISI 416

15 AIST 303

6 AISI 416 10-04 0-82 0-335 6650 4-33 39-61

1 11Cr Steel

9 AISI 416 . . . . . .

10 AISI 303 18:02 1-15 0-366 | 109°50 9-77 36-85

Mn or S content (A)
Unit condensate (C)

: average of total samples
: (B)/Total sample weight

Condensation ratio : s (C)/(A) x 1 000 mg/100' X 100. the ratio of a condensate to the total content of that element.

CS; ZHkHEER T, SRS E VWD, WEREE
LOREPETTHDEZLLhD. TOX5WHKRE
R Mn, S &g, MmibRRR &8 —%E
BBIEE—EBEE EH5DORKL, RERRSITHTXS
EBKEL, HSMFHOLT I LEMBRELEHELE
25T LML

4. & 8

41 HEHAZRPOBEEMRICDONT

B SESERBOBESITCEL, BHAHIB BB
L H A S{EE& e LTCS,, CSoFEHETH L%
WHRBESH NS » TRBE LT 20T L, HES
FBRCILGRAZBECIOTHEIPDDEHBTER. TO
e H L HaMNErRDSIZ X 5 EBESER 00X% ©
SR 5T LT COS OREZRD TV 528, KRERT
i, O&FR 00X~00X %R LS LT, HE
SORER, HMETARICEELRWT EBRHELP T
Dfc. ZDPE COS 4R T 5 LAETRERGER
ESTHRIBIPNDOTREOER L 5. BEAHNE
NigEstEthoC, S, ODHFLEEZHET S L CS5,
CS, CO i FoEEiEET B COS 4T
it eEz LR 5.

4.2 %%aﬂtﬁﬁﬁﬂmﬁmmﬁﬂmﬁ&hhﬁ

HIZDWWT
Table 5, 625, EEHETIE Mn/S<3'5 $/242

el S e kfED, SEIEMLAEHE T Mn/S
=40 THH L 2RITHRILDERD ORI ERSER
BrOHSE, FEHUET 0011% (Mn/S=1'8) LI E
T, fEEEStEeiE 0°05% (Mn/S=0-2) THLIDOEF
EHErD LRI Tabb, SEHENELTD Mn
SEBAEIFHIE (Table 5, No 11) Gt A 254k
HEh3z:137d, SEHRMELTD, Mn Bod
AT, (Table 5, No7, Table 6 Nol12) °F
ERSBHHEINRTL B2 E5bsr 5. TibbMngg
FROBWHEBEHAFRDO Mn 5 S oSS D7
» CO, N /g EAES it E hvd IS o FIIiE
CSy, CS X i 2mp3iflah 52 & X OER
D—otEZLNSE. ILITHBBOLEREETL 2R
ENELEELTL S EBbh 5.

43 EEFHOBZEANEOHMIDONT

B (ER) CSERMLTHINT 5 EEmESIT
ENPZEEEL VELLDIBEREXRZLNB NG, OF
T VBBHER I X 2 REEBLORE S I T, @FmL
7= SHEBHFEBEIL L 5 CODMERFILTHRDEE
z2bh5b. QREDOEESB) KB TOEESHENTHD
ZEhb, TOBPLORG, F¥ARERELER, £
%@ﬁS%ﬁﬁwﬁﬁﬁ&ﬁ%¢iKOTwé&Ubﬂ
5. ziE, KreHERRE SIImBTEDIIAKE LD
fa@s%, CS, CS; X% 4K, CO, Ny XX Hdis
LABEL T EELZLRE. ERRCEEIN,

—H2—
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metals in graphite crucible (const. vol. press measuring type apparatus).

CERERCERR L, SHE G, BUE

On the condensed film On the residual metal
(C) . . (D) Unit (E) - .
Unit condensate Condenze;n)o n ratio Content evaporate Evapor(aa??n ratio
(mg/g) % (% % 10-3) (mg/g) °
Fe Mn S Fe Mn S Mn S Mn S Mn . S
2:772 | 0639 | 0-575| 0-35 545 20-69 130-4 10-1 104 2-7 . 88-9 ' 96-4
6-328 | 0740 1-142 | 0-77 7-36 72-73 48-3 3-8 96 1'5 95-2 97-6
8-412 | 0-454 1174 | 0-99 5-39 63-24 23-2 3-8 8-2 1-8 97°3 98-0
4-441 0-471 1'194 | 0-56 4-53 34-41 95-8 3-8 94 3-4 90-8 98-9
6-624 | 0-431 3-945 | 0-82 5-23 100-9 231 14-3 8-0 3-2 97-2 957
6-077 | 0-542 | 2-045 0'7.5 4-72 5592 101-1 4-8 10-5 36 91-2 98-7
Unit evaporate (E) : ¢(A)-(D)}/100x 1000 mg
Evaporation ratio : {(E)/(A) x1000mg/100* X 100. the ratio of a evaporate to the total content of that element.
* :Values are corrected by C content of residual metals.
Table 9. The free energy (4F) of reaction of extracted gases possibly occured on the
surface of the' Mo-hood and the inner wall of furnace tube.
] Temp. of Temp. of
Reaction Mo-hood Order Inner wall Order
' 1200°K 700° K
cal/mol cal/mol
2C8=CS,+C —68 760 2 —91 690 2
(2Mn+ CS,=2MnS+C) /2 —42720 4 — 50960 4
Mn+CS=MnS+C —77100 1 —96 800 1
(7Mn+6CS=Mn,C;+3CS;) /7 —33 270 5 —40 570 5
Mn+CO=MnO+C —18850 7 —34 450 6
(2Fe+CS;=2FeS+C) /2 —18 500 8 —24 890 8
Fe+CS=FeS+C — 52880 3 —70730 3
(83Fe+2CS=Fe;C+CSy) /3 —23 040 6 —29820 7
Fe+CO=FeO+C —11150 9 —17 400 9
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